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PREPjVRATION OP GOLD SOLS 

The water used in the preparation of gold sols was purified bj"- distilling it 
twice in a Pyrex still from a dilute solution of potassium permanganate. Using 
this water, the following solutions were made up : 

(1) 1 per cent ehlorauric acid, by dissolving one 15 grain ampoule 
of Mallinckrodt’s HAuCl^-SIUO in 100 c.c. of water. 

(2) 2 per cent potassium carbonate, by dissolving 10 gm. of Mal- 
linckrodt’s anhydrous potassium carbonate in water to make 500 
c.c. of solution. 

(3) 1 iier cent formaldehyde, by dissolving 13.5 e.c. of Mallinckrodt’s 
37 per cent formalin in -water to make 500 c.c. of solution. 

(4) 0.01 M resorcinol, by dissolving 1.1 gm. of resorcinol in 1000 c.c. 
of water. 

(5) 0.2 per cent ehlorauric acid, by diluting 20 c.c. of 1 per cent 
ehlorauric acid with 80 c.c. of water. 

(6) 0.4 per cent potassium carbonate, by diluting 20 c.c. of 2 per cent 
potassium carbonate with 80 c.c. of water. 

(7) 0.2 per cent formaldehyde, by diluting 20 c.c. of 1 per cent 
formaldehyde with 80 c.c. of water. 

A “primary” nuclear sol is prepared as follows: 

One hundred cubic centimeters of the cold distilled water are mixed with 
5.0 c.c. of 0.4 per cent potassium carbonate and 5.0 c.c. of 0.01 M resorcinol. 
To this mixture are added 5.0 c.c. of 0.2 per cent ehlorauric acid, slowly and 
with constant stirring. The reduction takes place immediately, an amber- 
olored sol being formed. When preserved in well-stoppered Pyrex con- 
liners, this primary nuclear sol is unchanged over a period of six montlis. 

A “secondary” nuclear sol is pi’epared as follows: 

A mixture of 5 c.c. of 0.4 per cent potassium carbonate and 5 c.c. of 0.2 
per cent ehlorauric acid is heated just to boiling. One hundred cubic centi- 
meters of cold distilled water are then added. Ten cubic centimeters of the 
primary nuclear sol are added to this solution and the mixture stirred. Two 
cubic centimeters of 0.2 per cent formaldehyde are stirred into this mixture 
and the solution allowed to stand at room temperature until the sol is formed. 
When preserved in well-stoppered Pyrex containers, this sol is unchanged 
over a period of six months. 

The final sol for use in the test is prepared as follows : 

A mixture of 3.5 c.c. of 2 per cent jiotassium carbonate and 5 c.c. of 1 
cent ehlorauric acid is heated just to boiling. Four hundred and eighty cubic 
centimeteis of cold water are added. Into this mixture are stirred 5 c.c.* 
of the secondarj nuclear sol, follo-wed by 2.5 c.c. of 1 per cent formaldehyde. 
On standing at room teuixierature an oi-ange-red sol forms slowly. 

•The %oIUTne o -ecoiiiiat.j... nuclear sol may be varied, as noted later in this papch 
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INFLtJENCE OF THE AVF-RACE PARTICLE SIZE OF GOLD SOL ON TEST READINGS 

By varying the amount of “sccondarj'” nuclear sol used in the preparation 
of the final sol, the average particle size can he varied in the manner repre- 
sented in Table I. Particle size was determined by direct count with tlic ultra- 
microscope. 

Table I 


Variation’ of Particle Size With Volfme of “SEroxDARY" Ncclear Solution* 


r.C. OF “SECONUMiV” NUCLEAR 

SOLUTION 

AVERAGE PARTICLE .SIZE I.N* 

SIILLLMUT.ONS 

1.25 

43 

2.5 

41 

5.0 

30 

10.0 

30 

15.0 

23.5 


It is to l)c noted that, as the volume of nuclear solution increases, the 
average particle size decreases. Sols of large particle size were a murkj’ 
amber j'cllow, sols with intermediate particles were a clear orange yellow, 
and sols with very small particle.s were a brilliant wine red. 

Sols of various average particle .sizes and constant pll hydrogen-ion con- 
centration were used in Lange tests with samples of spinal fluid from paretic 
patients. Four sets of test readings, selected at random from a large number 
taken, are summarized in Tables II to V. All readings in a given table were 
obtained with the same sample of spinal fluid. 

These results all indicate tfiat, for a given pH, as the average particle 
size of the gold sol increases, the Lange test shows a greater degree of 


Table II 

Parctic Fluid “A” 


rH of Sola = 8.0 


average PARTICLE SIZE IN 

SIILLIMICRONS 

test re.vbiko 

40 

5355544321 

38 

5555543200 

35 

5355443100 

33 

3334442100 

30 

2233421000 

23.5 

1122100000 

17 

1122210000 

10 

0012310000 


Table III 


Paretic Funo *‘B’* 
pH of Sols = 7.1 


AVERAGE PARTICLE SIZE IN 
MILLIMICRONS 


TEST KEADIN’ff 


42 

41 

30 

30 

23.5 

17 

10 


555o5d5.v- 
555555*-f 
55555 -^.. 
553 ^^' ‘ 
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T.VBLE IV 

Paretic Petiid "L" 
pH of Sols = 7.8 


AVERAGE P.VRTICI.E SIZE IN 

.MILEIjnCRONS READING 


44 

5555555321 

39.5 

i5odooo^^321 

SO 

5555544211 

30 

5555543100 

23.5 

5555321000 

17 

2334442100 

10 

1221110000 


Table V 

Paretic Fluid “AK” 
pH of Sols = G.3 


AVERAGE PARTICLE SIZE IN 

MILLIMICRONS 

TEST REATIIXG 

40 

5555555532 

38 

5555555422 

S7 

5555555311 

so 

5555554220 

23,5 

5555543200 

17 

5555322100 

10 

4554223000 


precipitation; as the average particle size decreases, the degree of precipita- 
tion decreases. In other words, as the average particle size increases, the 
sensitivity of the sol in the Lange test increases; as the average particle size 
decreases, the sensitivity decreases. It is tlni.s evident that the gold sol must 
I'^’Ye the correct average particle size to be satisfactoiy for use in the Lange 


THE INFLUENCE OF THE HYDROGEN-ION CONCENTRATION OP GOLD SOL 
ON TEST READINGS 

The pH of the gold sol used in this study can be varied: (1) by varying 
the amoiuit of potassium carbonate used in its preparation, (2) b.v vaiying 
the amount of formaldehyde used in its preparation, (3) by allowing the sol 
to stand exposed to the aii*, (4) by direct addition of dilute hydrochloric 
acid to the sol, (5) bj'- direct addition of potassium carbonate solution to 
the sol. Using these five methods, sols of constant particle size and varying 
pH Were made up. These sols were then used in Lange tests with spinal 
fluid from paretic patients. The results are given in Tables VI to XII. 

Table VI 

Paretic Fluid “C” 

Particle Size of Sols = IS Jlillimicrons 


^ test beading 

L57 .3555432100 
T.27 5SS5432000 
7.01 555.5531000 
O.SS 3555543100 
6,63 5555553100 
6.49 5555554200 
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Table VJI 


I’ARETir KH’ID 

Piirticlc Sizo of Snls = 42 Millimicrons 


pll OF SOL 

TEST READINO 


7.(17 

.'ItttSlOOOO 


7..'12 

5554321000 


0.02 

5355432100 


0.50 

555554.3210 


GM 

5535554300 


G.IO 

5555554310 



Tarle VIII 



Paretic Fi.riP “E” 


I'articlc Size of BoL = .'’.7.5 Milliniicrons 


pn OF SOL 

TEST READINO 


7.5a 

2233321000 ’ 


7.21 

.3.334321000 


n.si 

5554442100 


G,40 

5555432100 


(1,01 

555554.3210 



Table IX 

Paretic Fi.rin “F*' 


Particle Size of Sols s= 3S.5 Millimicrons 


pll OF SOL 

TEST READING 

7.37 

1233100000 

G.88 

3333100000 

G.S3 

5554210000 

G.05 

.1554321000 

5.72 

.5555443210 

5.54 

55,54320000 

.5.10 

5555421000 

4.9C 

5555543210 

4.3S 

5555554333 


Table X 

Paretic Fluip *‘G” 

Particle Size of Sols = 27 Millimicrons 


pll OF SOL TEST READING 


8.21 

2223210000 

7.15 

5333210000 

6.57 

5554210000 

6.12 

5554310000 

5.71 

5554321000 

5.64 

5555542100 

5.3G 

5555421000 

5.10 

5554210000 

5.0G 

5554431000 

4.5G 

5.55.1543100 


The results show very definitely that, as the pH of the sol decreases, its 
' sensitivity in the Lange test increases. It is thus obvious that the pH of a gold 
sol must be carefully controlled if it is to be satisfactory for use in the Lange 

' test. 
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DISCUSSION 

It is to be noted that pH and jiartiele size' may exert a compensating 
effect in producing a gold sol suitable lor use in the Lange test. Thus, 
whereas increase in particle size gives a more sensitive sol, increase in pH 
gives a more stable sol. There are, theoretically, an unlimited number of 
pH-partiele size combinations, all of which give a sol of the same sensitivity. 
Practically, howevei’, there is a limit to these combinations because if the 
particle size goes above 40 millimicrons, the sols are too murky to be suitable; 
if the pH goes below 5, the readings tend to become erratic (see Tables 
XI and XII). 

Table XI 


Paretic Fluid “H” 

Particle Size of Sols ~ 24 Millimicrons 


pil OF SOL 


test reading 


7.40 


3344321000 


6.60 


5554321000 


5.80 


5555432100 


5.06 


5555433100 


4.60 


5555543200 


4.42 


5555543343 



Table XII 




Paretic Fluid “I” 



Particle Size of Sols — 17.5 Millimicrons 


pH OP SOL 


TEST READING 


7.35 


3333100000 


6.18 


5554210000 


6.77 


5554210000 


5.30 


5555421000 


4.56 


5555541000 


4.49 


5555432310 


4.10 


5555555533 


3.96 


5555555554 



The fact that pH and particle size exert this compensating effect is, per- 
haps, a part of the explanation for the fact that so many different techniques, 
as practiced in different laboratories, all yield gold sols suitable for use in the 
Lange test. Also, the fact that both pH and particle size are so very sensitive 
to very slight variations in technique and, particularly, to variations in the 
concentration and purity of reagents used will explain why sols of the exact 
quality I'equired in the Lange test are so difficult to prepare. 

There probably is an optimum combination of pH and particle size which 
will give an ideal Lange test gold sol. Just what this optimum combination 
may be is still a question, although the results obtained to date seem to in- 
dicate that sols of small particle size, with relatively low pH (about 6) are 
more satisfactory than sols of larger particles and higher pH. 

The explanation of why the sensitivity of a gold sol is dependent upon 
particle size and pH would appear to be fairly simple. It is a well-known 
fact in colloid science that, other things being equal, larger particles are less 
stable than smaller particles. Hence, an increase in particle size should give 
a more sensitive sol. Gold sols are negatively charged, due, doubtless, to 
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adsorption o£ negative ions. Hence, an increase in the concentration of 
negative hydroxyl ions (increase in pH) should increa.se the stability of the 
sol. 

Preliminary stndic.s indicate tliat the Lange test readings in tabes, 
syphilis, encephalitis, spinal meningitis, tubercnlar meningitis and poliomy- 
elitis are intluenced by the pll and particle size of the gold sol in the same 
manner as are the readings in paresis. Detailed data on studies with these 
diseases will be reported in a later paper. 

SU.MMABY 

Tiie sensitivity of gold sols in the Lange spinal fluid test for paresis in- 
creases with an increase in particle size and decreases with an increase in pH. 

REFERENCE 

1. Lange, Carl: Die Ausflockung kolloidnlen Goldes (lurch Zercbrospinal fiiissigkeit bei 
luetischen AfToktionen dcs Zentral iicrvcu systems, Ztschr. f, Chcmothcrapic 1; 
44, 1912. 

The authors wish to express their Indebtedness to Mr. R. E Dover and Mr, Ralph Walker, 
of the Neurocathologlcal Laboratoric.s of the Wisconsin General Hospital, for theii help, their 
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THE EFFECT OP FEVER THERAPY UPON CARBOHYDRATE 
IMETABOLISM* 


Melmk B, KinsTEiN, iLD., and Leon Bromberg, M.D. 
St. Louis, Mo. 


I T IS known that infectious fcvci-s cause moderate degrees of hyperglycemia 
Simpson, 1 and Hench and Slocunib,® among others, have observed the same 
phenomenon in artificial hyperthermia. According to these observers, the 
hyperglycemia is due to blood concentration which occurs during fever 
therapy. 

We have also noted hyperglycemia during fever therapy (sec Table I), 
but we differ in the interpretation of the phenomenon and feel that its com- 
prehension is of theoretical as well as of practical significance. ^Ye are ready 
to concur in the statement that loss of fluids during hyperthermia generally 
causes an increased concentration of blood constituents, such as nonprotein 
nitrogen (see Table I), urea, etc. However, to attribute the increase in blood 
sugar to coiicenti*ation contradicts the physiology of the regulation of the 
glycemic level. 

It is known that when the sugar content of the blood is augmented, e.g., 
by the intravenous injection of glucose, the resultant hyperglycemia is only 
of short duration, and the blood sugar soon returns to its original level. This 
is brought about by a regulatory mechanism in the liver which acts by chang- 
ing the velocity relationship of a reversible reaction. This reversible en- 
zymatic reaction consists of glycogen storage in one direction and glycogen 

•From the Dahoratory and Department of Fever Therapy, Jewish Hospital, St. Louis. 
Read at the Conference on Fever Therapy of the Kettering Foundation, St Louis, No- 
vember 12, 1033, 

Received for publication, March 20* 1939. 
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breakdown in the opposite direction. The blood sugar level per se is the 
primaiy factor influencing the relationship between the velocities of these 
two opposite processes. Whenever the concentration of the blood sugar rises 
above the postabsorptive (fasting) level, sugar is rapidly withdrawn from 
circulation due to an increase of the reaction velocity in the direction of 
glycogen storage. When, for example, one injects 1.0 to 1.5 gm. of glucose 
per kg. body weight into the blood stream of a dog, the ensuing hyper- 
glycemia disappears within thirty minutes. 

The regulatory mechanism is exquisitely fine and responsive in its tend- 
ency to maintain a constant lilood sugar level. This ready adaptability 
makes it po.ssible for the blood .sugar to remain almost immutable in the post- 
absorptive state. Although glucose is constantlj^ withdrawn from the circu- 
lation by the peripheral tissues, the liver replaces it at the same rate that it 
is withdrawn. The rate of glycogenolysis is so astonishingly adaptable to the 
changing requii'ements that even during moderate physical exercise (when 
glucose is withdrawn from the lilood stream at an increased rate) no demon- 
strable changes in the blood sugar level occur. Therefore, one is compelled 
to raise the question, why, if this fine regulatoi'y mechanism so efficaciously 
disposes of hyperglycemias resulting from the injection of glucose, should it 
fail to take care of the relatively slight and gradual increases in glucose 
concentrations occurring during artificial fever. Thus all that is known con- 
cerning the mechanism which regulates the blood sugar level is in direct con- 
flict with the assumption that hyperglycemia during fever therapy is due to 
blood concentration. 

Table 1 

Effect op Abtificial Fever Therapy Upon Blood Sog-vr, Nonpkotein Nitrogen and 

Phosphorus 

Temperature Bunge — 104-106R. Duration of Fever 3-6 Hours. 

Apparatus; Kettering Hypertherm 



SUGAR 



N.P.N. 


PHOSPHORUS 


MG. % 



110. % 



MG. % 


BEFORE 

H AFTER H 

BEFORE 

5 after. R 

BEFORE 

^ AFTER Ji 

84 


92 

27 


33 




— 

89 


93 

19 


22 

— 


— 

87 


109 






— 


— 

88 


94 

26 


30 

2.9 


2.1 

84 


87 

28 


38 

2.7 


1.9 

97 


98 

24 


27 

2.5 


2.2 

80 


101 

16 


21 

— 


— 

88 


93 




— 

— 


— 

83 


95 

15 


14 

— 


— 

95 


100 

20 


18 

— 


— 

92 


105 

20 


22 

— 


— 

83 

86 

69 


115 

87 

85 

16 


19 

3.4 

3.2 

2.6 


1.0 

1.5 

1.3 

81 

86 

87 


93 

93 

89 

20 

IS 


23 

30 

3.6 

3.1 

4.8 


2.7 

4.8 

0 Q 

84 

82 

80 

80 


88 

82 

85 

85 

20 

16 

17 

15 


17 

16 

24 

20 

3.5 

3.8 

4.0 

4.1 


3.7 

3.8 

3.8 


Each horizontal line represents one patient. 
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Au lulditionnl contradiction to the concentration theory is found in the 
fact that tile inorganic blood ]>hospIiates slion- a substantial drop during 
hyperthermia. Our re.snlts (sec Table I) sliow this fall in phosphorous and 
eorre.s-|)ond to those reported by HiscliotV," Daly,' and others. The decrease in 
inoi'ganic pho.S])hatos is I'eadily explained by an increased rate of glucose 
utilization, due to a markedly increased metabolic rate during fever. In- 
organic blood jriiosphates invariably decrease rvhenever increased utilization 
of glucose occurs (as after in.sulin administration, after the ingestion of glu- 
cose and during exercise). This adequately accounts for the drop in inorganic 
])lood phosi)liates during fever tbera])y. 

The increased rate of glucose utilization also explains the hj’perglycemia 
during elevated body tem])eratures. Loseke and Gunderson' have reported 
marked depletion of liver glycogen in rabbits undergoing artificial fever. 
Somogyi* has em])hasizcd in a recent paper that whenever blood sugar is 
utilized by body tissues at an increased rate (such as after insulin injection, 
during exercise and during byperthermia), the glycogen reserve of the liver 
becomes depleted. This is due to the faet that the accelerated withdrawal of 
blood sugar by the peripheral tissues causes an increased rate of glycogen 
breakdown in the liver, so that the sugar content of the blood may be restored 
to its normal level. This compensatory process frequently overshoots its 
aim and hyperglycemia results. Individual differences in this regulatory 
mechanism explain the variations in the degree of the hyperglycemia en- 
countered. In some instances the hyperglycemia is slight; in others the blood 
sugar rises as much ns 20 to 30 mg. per cent above the fasting level. There- 
fore, we conclude that blood concentration is not the cause of the hyperglycemia 
during artificial fever. 

This concept is of practical significance in fever therapy. Due to the 
increased combustion of sugar, fever tends to deplete the glycogen reserve of 
the body tissues, especially that of the liver. This depletion may become so 
excessive ns to result in ketosis. Such an occurrence has been brought to our 
attention through a personal communication from Dr. II. AV. Kendall, of the 
Kettering Institute, Dayton, Ohio. The depletion, even if it does not lead to 
ketosis, is certainly undesirable. Because of this, we feel that it is of con- 
siderable value to prepare patients for fever therapy by giving them liberal 
carbohydrate diets between sessions. In order to avoid a gain in weight to 
which these patients show a distinct tendency, we suggest a moderation of 
fats. 

The preparation of diabetic persons for fever therapy is especially pertinent. 
One of the important pathologic factors in diabetes is the tendency toward an 
increased rate of glycogenolysis in the liver. As Somogyi has recently em- 
phasized, if any factor which stimulates glycogenolysis (such as artificial fever) 
is superimposed upon this, the result may be excessive hyperglycemia, glyco- 
suria, and frequently ketosis. (This may also explain the re.sponse of persons 
with diabetes to infectious fevers.) The vicious process can be combatted by 
means of adequate administration of carbohydrates and by inliibiting the rate 
of glycogenolysis with in.sulin. AVe feel that this concept should be applied to 
diabetic patients, when subjected to artificial fever. 
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CONCLUSION 

Hyperglycemia during fever therapy is not due to blood concentration, 
but to disturbances in carbohydrate metabolism. This concept may have an 
important bearing upon the preparation of patients for fever therapy. 

REFERENCES 
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IS THERE A PLATELET-REDUCING SUBSTANCE IN THE SPLEEN OP 
THROMBOCYTOPENIC PURPURA 


Ralph H. Major, M.D., and C. J. Weber, Ph.D. 
KLvnsas City, Kan. 


T ROLAND and Lee^ in January, 1938, described a platelet-reducing sub- 
stance in the spleen of patients suffering from thrombocytopenic purpura. 
Later in Julj^ of the same year, they described their findings in detail and re- 
ported that extracts from three spleens from patients suffering from thrombo- 
cytopenic purpura contained a substance whicli produced a marked fall in the 
number of blood platelets in rabbits. They described falls as great as 605,000 
per e.mm. to 100,000 per c.mm. in tiventy-four hours. Not long after the first 
report we had the opportunity to study the spleens removed from two patients 
suffering from thrombocjdopenic purpura. We delayed our report somewhat, 
hoping that additional cases would be obtained. Although we have seen some 
additional patients during the past year splenectomy was not recommended or 
carried out in any of them. 

Patient M. G., female, aged 19 years, was admitted to the hospital February 1, 1938. She 
presented the typical history and findings of thrombDcj-topenic purpura. She had numerous 
petechiae over the legs and arms, her spleen was enlarged, and her blood platelet count 
varied from 85,000 to 50,000. The patient was operated upon February 22. The spleen was 
removed, and was found to measure 12 by 3.6 by 3 cm.; it weighed 1/0 gm., had a smooth 
surface distinct notching, and no adhesions. Following the operation the patient’s platelet 
count rose to 150,000 on February 25, and on March a it reached 350,000. The patient has 
had no further purpuric symptoms. 


•From the Hixon Laboratorj 
Medicine, Kansas City. 

Kecelved for publication, March 20, 1939 


of Medical Research, University of Kansas School of 
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The extract from tlie spleen was prepared in the manner described by 
Troland and Lee in their first article. The spleen rvas taken directly from 
the operating room and ground in a food chopper. Tiviee its A'olume by 
weight of acetone Avas added and the mixture allowed to stand in a sealed 
jar. After seventeen days the supernatant fluid ivas filtered off and collected, 
and the acetone evaporated off, lear-ing a thick brmvnisli material. This ma- 
terial Avas dissolved in 125 c.c. of normal saline solution. Table I sIioavs the 
effect of this solution on intravenous injection. 

Table I 


DATE 

FIItST COUNT 

SECONIKWNT 


J’.EMAKKS 




liahhit Xo. 1 



2/27/38 

400,000 

500,000 




3/ 2/38 

470,000 

480,000 




3/ 4/38 

420,000 

440,000 




3/ 9/38 

500,000 

440,000 

10:00 A.M. 

10 c.c. 

spleen extract intravenouslv 

3/10/38 

590,000 

530,000 

10:00 A.M. 




510,000 

520,000 

5:00 r.M. 



3/11/38 



8:30 A.M. 

20 cc. 

spleen extract intravenously 


780,000 

750,000 

1:30 P.M. 




030,000 

580,000 

5:30 P.M. 



3/12/38 

480,000 

410,000 

8:30 A.M. 




• 


No. S 



3/18/38 

500,000 

4SO.OOO 




3/10/38 

480,000 

480,000 




3/21/38 

500,000 

510,000 

11:15 A.M. 

20 C.C. 

spleen extract intravenously 

3/21/38 

580,000 

020,000 

5:20 r.M. 



3/22/38 

400,000 

440,000 

5:00 P.M. 



3/23/38 

410,000 

450,000 

10:20 A.M. 






Xnhbit No. 5 



3/18/38 

440,000 

500,000 




3/19/38 

400,000 

520,000 




3/21/38 

510,000 

540,000 

11:15 A.M. 

10 c.c. 

spleen extract intravenouslv 


550,000 

550,000 

5:20 P.M. 



3/22/38 

510,000 

510.000 

5:00 r.M. 




The platelet counts Avere made by the method of Rees-Ecker. The results 
of these observations are not at all conclusiA-e, the blood shoAving at times an 
increase, rather than a decrease, folloAving injection. 

Tlie socontl patient, D. T., a girl 5 years of age, presented the typical itistory and clin- 
ical appearance of purpura hemorrhagien. The patient’s platelet counts before operation 
varied from 80,000 to 90,000. Tlie patient tras operated upon May IS, 1938, The spleen 
Weighed 89 gm. and measured 11 by 0.5 by 2 cm. in size. Following the operation the patient’s 
count was 122,000 on May 22, and during the last week in the ho.spital it remained above 
230,000. 

The extract from the spleen of the second patient Avas prepared in a man- 
ner similar to that of the first patient. The ground-up spleen Avas alloAved to 
remain in a sealed jar Avith the acetone for tAventy-one days. As the -spleen, 
Avas smaller the broAvnish material Avas taken up in a smaller quartity of 
fluid, only 60 c.c. of salt solution being employed. The results o# these tests 
are shoAvn in Table H. 
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Table II 


DATE FIRST COUNT SECOND COUNT 


BEUAUKS 


Jiahhii No. ^ 


6/ 7/38 

580,000 

540,000 

8:45 A.SC. 

20 

c.c. 

spleen extract intravenously 


500,000 

460,000 

2:45 p.M. 



6/ 8/SS 

540,000 

520,000 

B:45 A.M. 




6/22/38 

790,000 

810,000 

10:30 A.ir. 

20 

cx. 

spleen extract intravenously 


480,000 

500,000 

6:00 P.M. 



G/S3/38 

380,000 

350,000 

10:30 A.M. 




6/24/38 

700,000 

750,000 

10:30 A.M. 







Itabbif No. 4 




6/22/38 

730,000 

700,000 

10:30 A.M. 

20 

c.c. 

spleen extract intravenously 


560,000 

520,000 

6:00 P.M. 



6/23/38 

570,000 

550,000 

10:30 .\.M. 




6/24/38 

600,000 

650,000 

10:30 A.M. 





The splenic extract from this jjatient apparently produced a definite fall 
in platelet count. The figures, however, are not nearly so striking as those 
reported by Troland and Lee. In Table III are the platelet counts obtained in 
rabbits injected with normal spleen extract, extract from the spleen in Banti’s 
disease, and extract from the spleen in myelogenous leucemia. 


Table III 


PATE 

FIRST COUNT 

SECOND COUNT 

remarks 



Sabbit No. 1 

4/ 6/38 

4/ 8/38 

610,000 

650.000 

570.000 

580.000 

600,000 

620,000 

540.000 

610.000 

9:30 A.M. 20 c.c. normal spleen extract in- 
travenously 

3:30 P.M. 

9:30 A.M. 30 c.c. extract intravenously 

3:30 P.M. 



Sabbit No. 

S. Panti’s Disease 

5/ 9/38 
5/10/38 

5/11/38 

610,000 

600,000 

450.000 

550.000 

580.000 

530.000 

430.000 
530'000 

8:00 A.M. 10 c.c. spleen extract intravenously 
2:00 P.M. 

8:30 A.M. 



Sabbit No. 1. 

Myelogenous Leucemia 

5/24/38 

5/25/38 

5/25/38 

5/26/38 

5/27/38 

420,000 

420.000 

450.000 

480.000 

490.000 

460.000 

450.000 

470.000 

490.000 

440.000 

3:00 P.M. 

10:00 A.M. 10 c.c. spleen extract intravenously 
4:00 P.M. 

10:00 A.M. 

10:00 A.M. 


COMMENTS 

In the splenic extract from the first patient with thrombocytopenic pur- 
pura the extract in the rabbit produced an increase in the blood platelet count, 
while the spleen from the second patient produced a definite fall in the plate- 
let count. Variations in both, however, were not striking and have een 
observed in the platelet counts of rabbits injected with a variety of matena s. 
The divergence of these*, findings from those of Troland and Lee may be ue 
to some difference in the method of extraction. In their first report t ey 
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stated tliat the supernatant Iluid was poured off “after about two weeks," white 
the second report describes the periods as varying from six days to one 
hundred and two days. 

Additional data would seem to be necessary before accepting as estab- 
lished, the presence of a platelet-reducing substance in the spleen of thrombo- 
cytopenic purpura. 
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THE EFFECT OF GASTRIC ilUCIN ON THE HEMOGLOBIN 
REGENERATION IN ANEMIC DOGS* 


H. S. ^Y^GODSKY, JI.S., R. A. Bv.ssabarger, and S. J. Fooelson, M.D. 

Chicago, III. 


The work presented here was performed in an attempt to determine 
^ whether a commercial gastric mucin preparation .stimulates blood forma- 
tion in anemic dogs, through either the action of the mucin or some sub- 
stance contained in the preparation. The work was prompted by the clinical 
observation that gastric mucin appeared to stimulate liemoglobin formation in 
“peptic” ulcer patient.s recovering from acute massive hemorrhage. 

Whipple and his associates' in 1925 described a quantitative method for 
the determination of the aliility of various substances to stimulate blood re- 
generation. During a period of more than a decade they have applied this 
method to innumerable substances.^'*® Dragstedt and his eo-workers**- 
have used it in an investigation of hemoglobin production in gastrectomized 
dogs. Riecker*^ has commented unfavorably on the errors of the method and 
the results obtained by Whipple, It was employed in the present study as the 
oi^ly available method for estimating “quantitatively” the ability of sub- 
stances to promote hemoglobin formation. 

METHOD 

Eight dogs were used in this study. The procedure employed was es- 
sentially that of AVhipplc and his associates,'* with slight modifications to be 
described belo-\v. The basal diet consisted of salmon bread to which were 
^dded the various supplements whose activities were to be determined. By 
means of frequent bleedings the dogs were maintained at a hemoglobin level 
5.50 to 6.50 gm. of hemoglobin per 100 c.c. of blood. AVhen the animals 

•From the Department!? of Physlologj- and Pharmacolopj*. and the Department of SurKer>', 
^Northwestern University Medical School, ChIcaBo. 

tJessIe Horton Koessler Fellow of the Institute of Medicine of Chicago. 
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had been satisfactoril 5 ' depleted of their stores of blood-forming materials as 
shown by a more or less constant rate of hemoglobin formation, control periods 
were established, ranging from four to seven weeks. 

Series I: Pollo'odng the control periods, 25 gm. of mucin suspended in wa- 
ter were added to the dailj’ basal diet for a period of two wneks, followed by 
a two-wnek period during w'hicli they received only salmon bread. Since the 
mucin preparation was found to contain 1 mg. of iron per gram of mucin, the 
dogs w’ere then given ferric ammonium citrate equivalent to 25 mg. of iron 
per day for a two-week period, followed by another tivo-iveek period during 
which the dogs received only salmon bread. 

Series II: This group of 4 dogs was used to investigate the effect of feed- 
ing periods of longer dimation. Following the control periods, 30 gm. of mucin 
suspended in water were added to the basal diet daily for four weeks. The 
animals were then fed only salmon bread for a period of two weeks. This was 
followed by a four-week period during which the animab received dailj' bj' 
stomach tube 30 c.c. of a 0.6 per cent ferric ammonium citrate solution, an 
amount of iron equivalent to the iron content of the mucin previously fed. A 
three-week “cany-over period” on salmon bread was allowed before the next 
supplement was added to the diet. During the next supplemental period the 
dogs received dailj' for four weeks 250 gm. of fresh beef liver ground together 
•with 340 gm. of sahnou bread. This was followed by a four-week “carry-over 
period.” 

CALCULATION 

Blood studies and blood volume determinations were made in essentially 
the same manner as that of ‘Whipple and his collaborators. However, the 
amount of hemoglobin produced was calculated by a method different from that 
used bj- “Whipple, as well as bj- the Whipple method. 

The calculation of the amount of hemoglobin formed during a given period 
requires the consideration of two factors: (a) the amount of hemoglobin -with- 
drawn by bleeding during the period; (b) changes in the total quantitj' of 
hemoglobin in the bodj', during this period. The first is measured directly; 
the second must be calculated. 'Wliipple’s method for calculation of the hemo- 
globin formed maj* be represented by the following formula : 

Hli formed = Hli ■withdrawn -f (per cent Hli„ - per cent Hli^), 

where Hbi and Hb, are the blood hemoglobin percentages at the beginning and 
at the end of the period, respectively. This method arbitrarilj' assumes that 
each uni t change in percentage of blood hemoglobin represents a change of 1 gm. 
in the total circulating hemoglobin. The assumption is valid only when the 
blood volume remains constant at 725 c.c. (assuming 100 per cent hemoglobin 
= 13.S gm. per 100 c.c.) . 

The method of calculation de-vised by us may be represented by the fo - 
lo-wing formula : 

Hb formed = Hb -withdra-wn -r (Hb, - Hbi), 

where Hb. and Hln represent the total circulating hemoglobin in grams at the 
beginning and end of the period, respectively. The accuracy of ‘Whipp e s 
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Table II 


Average Hemoglobin Production per Week 





MUCIN 

IRON 


LIVER 


ANIMAL 


B.H.P.* 

FED 

CARRY- 

OVER 

FED 

CARRY- 

OVER 

FED 

CARRY- 

OVER 

A. Our Method of Calculation 

Series It 

1 

5.83 

18.02 

8.00 

9.62 

9.86 



Series I 

2 

0.53 

24.97 

9.91 

14.63 

4.84 



Series I 

3 

14.35 

24.97 

6.66 

23.70 

8.90 



Series I 

4 

15.09 

21.79 

15.53 

15.83 

6.35 



Series I Avg. 

10.46+1.68 

22.4+1.10 

10.03 

15.45+1.98 

7.49 



Series lit 

12 

3.33 

2.51 

8.09 

5.52 

5.37 

11.95 

9.98 

Series II 

17 

4.22 

10.42 

6.43 

5.73 

6.59 

13.74 

14.72 

Series II 

18 

6.88 

12.88 

8.38 

10.92 

5.76 

21.04 

15.49 

Series II 

20 

8.21 

20.31 

8.20 

7.67 

5.69 

8.92 

17.55 

Series II Avg. 

5.66+0.76 

11.53±2.47 

7.77 

7.46±0.S5 

5.85 

13.91+1.74 

14.43 

Average 


8.00±1.05 

16.99±1.87 

8.90 

11.70+1.47 

6.67 



Series I and 

II 









S. Whipple’ 

s Method of Calculation 




Series It 

1 

12.53 

13.57 

8.20 

12.72 

5.71 



Series I 

2 

8.54 

26.60 

10.24 

13.33 

6.54 



Series I 

o 

o 

13.65 

30.27 

7.81 

22.40 

8.65 



Series I 

4 

15.75 

23.79 

15.68 

16.64 

5.30 



Series I Avg. 

12.62+1.02 

23.56±2.91 

10.48 

16.27+1.50 

6.55 



Series lit 

12 

2.80 

4.91 

5.69 

5.98 

4.20 

9.58 

10.78 

Series II 

17 

4.49 

6.70 

3.98 

9.83 

6.93 

9.37 

14.07 

Series II 

18 

5.00 

11.83 

5.53 

10.17 

7.26 

17.72 

16.69 

Series II 

20 

7.64 

22.78 

4.70 

7.50 

7.26 

7.63 

17.35 

Series II Avg. 

5.00+0.68 

11.50+2.72 

4.98 

8.37±0.67 

6.41 

11.08+1.52 

14.72 

Average 

Series 


8.80±1.41 

17.55±2.87 

7.72 

12.32+1.26 

6.48 



I and II 








*Basal hemoglobin production. 
tFor details see Methods. 


>‘^thod is limited by the introduction of an arbitrary constant; the accuracy 
f our method is limited by the accuracy of the blood volume determinations. 


RESULTS 


Table I shows a poi’tion of a typical protocol of one of the animals used 
in this study. Table II shows the average weekly hemoglobin production 
of each of the animals during each of the experimental periods, together with 
the averages and probable errors. Our method was used to calculate Table 
TTA. Whipple’s method was used to calculate Table IIB. Table III is a con- 
densed protocol of one of the animals of the series. 

The average basal hemoglobin production for all of the dogs when calculated 
by the Whipple method was 8.80 ± 1.41 gm. per week. The addition of mucin o 
the diet increased the hemoglobin production to 17.55 ± 2.87 gm. per weev, oi an 
increase of nearly 100 per cent, which, however, is not significant statistica y. 
The addition of iron increased the hemoglobin pi’oduetion fay 40 pcc ceu . n 
each case the values are not statistically significant. 

When our method (use of the blood volume determination) of caleu a 
tion is employed, practically the same average values are obtaine , u m i- 
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Table III 


Ct)S'i>ENSEi) Pi:(»To*’«ir, 
1)00 No. 20 


DAYS 

AKE.MIC 

rr.uion 

wr.imiT 

UB. 

TOTAI. TOTAL llB. IlB. 

Cir.CCL.ATINO WITH- PRODUCEH 

” ' ' Hb. DRAWN' PER WEEK 

02 

Control 

12.8 

0.00 

1042 

()2.4 



OS 

Control 

12.5 

5.38 

1022 

55.0 

12.86 

5.46 

70 

Control 

12.5 

5.C5 

1023 

57.8 

3.08 

3.88 

83 

Control 

12.7 

0.8.3 

1087 

74.2 

0.90 

17.30 

97 

Control 

11.0 

5.50 

982 

54.0 

19.47 

-0.73* 

104 

Control 

11.0 

0.53 

1083 

70.8 

0.54 

23.34 

111 

Mucin 

10.9 

0.53 

1018 

00.4 

32.91 

8.51 

IIS 

Mucin 

11..3 

7.45 

1018 

75.7 

1.11 

10.41 

12j 

^lucin 

11.3 

7.79 

853 

07.2 

50.56 

42.00 

1.32 

Mucin 

10.8 

0.00 

940 

50.7 

30.25 

20.25 

140 

Carrv-over 

10.9 

0.49 

904 

02.0 

5,9 

16.40* 

153 

Iron 

11. 1 

0..57 

3004 

05,0 

1.23 

4.53 

100 

Iron 

11.0 

0.97 

819 

57.1 

8.23 

-0.55 

174 

Iron 

10,4 

0.87 

902 

00 1 

17.70 

20.70* 

181 

Carry-over 

10,5 

o.;in 

980 

02.1 

7.82 

3.82 

188 

Carry-over 

9.9 

0.02 

942 

02 3 

4.78 

4.08 

195 

Carrj'-ovor 

9.9 

0.85 

893 

01.2 

9.3S 

8.28 

202 

Liver 

11.1 

0.15 

1039 

05.1 

1.23 

5.13 

209 

Liver 

11.8 

C.40 

1620 

103.0 

9.15 

47.65 

21C 

Liver 

12.0 

5.90 

1120 

00.1 

10.10 

-21.40 

223 

Liver 

12.5 

7.20 

903 

09 2 

1.24 

4.34 

230 

Carrv-over 

12.3 

7.20 

111! 

80.0 

20.05 

30.85 

237 

Carry-over 

1 ^ Q 

7..31 

1002 

77. L 

12 50 

10.10 

244 

Carry-over 

12.7 

0.53 

1158 

7.3.7 

27.20 

25.30 

251 

Carry-over 

12.4 

7.00 

1000 

72.0 

9.58 

3.88 


•Two weeks hemoglobin production. 


vidual variations are reduced to a point where the addition of the various 
supplements to the diet resulted in statisticalJj* significant increases in hemo- 
globin production, except in the case of iron. 

DISCUSSION 

I^efore discussing: tiie significance of the results obtained in this study, 
the reliability of the method employed to increase the rate of hemoglobin pro- 
duction must be considered. Examination of Table II reveals a wide variation 
in hemoglobin production from week to week. This A'ariation is greatest when 
AVhipple’s method of calculation is used, a fact which is revealed by the 
greater probable error of the averages. However, even with our method of 
calculation the variations are great. These variations are inherent in the 
method, for examination of AVhipple's data reveals equally great discrep- 
ancies. It has been impossible for iis to duplicate gxiautitatively Whipple s 
results with iron and liver; qualitatiuehj his results are confirmed. One can 
only conclude that under the condition of the method, the rate of hemoglobin 
formation is not constant and uniform when the same supplements are fed. 
In \’iew of this fact the method cannot be truly qimitifative, and its results are 
acceptable only tvhen the data are sufficiently extensive to permit a statistical 
analysis. 

The results show that mucin definitely promotes the formation of hemo- 
globin in the dog. Since the administration of an amount of iron equivalent 
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to that contained in the mucin had one-half the effect of the mucin, the ac- 
tivity of the latter cannot be attributed solely to its iron content. Whether 
the additional effect is due to a more adequate protein intake, or to some 
specific hematopoietic agent contained in commercial mucin, we are unable to 
say. Ihese findings, however, probably explain the clinical impression that 
patients on mucin therapy rapidly regenerate hemoglobin. 

SUMJLAKY AND CONCLUSIONS 

1. In each of two series of 4 anemic dogs, a commercial gastric mucin 
preparation stimulated hemoglobin production 55 to TO per cent more than 
could be accounted for by the amount of iron present in the preparation. 
However, the stimulus was not as great as when beef liver was fed. 

2. A modification of Whiiiple’s method for calculation of the results in 
these types of experiments has been introduced and probable errors in Whip- 
ple’s calculations have been pointed out. 

3. Notwithstanding our modification of the Whipple method for de- 
termining the effect of various substances on hemoglobin regeneration in 
anemic dogs, we believe that the inherent errors of this method make it a 
qualitative rather than a quantitative one, unless a sufficient amount of data 
are obtained to permit statistical analysis. 
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THE EFFECT OF SODIUAI BROillDE ON THE NUTRITION AND THE 
GASTROINTESTINAU TRACT OF EPILEPTIC PATIENTS** 


Al>:x .T. AniriFr, M.D., Chicacjo, III. 


OECAUSE of the extensive and useful administration of the bromides in 
■L' epilepsy, an inquiry has been made into .some po.ssible untoward action. 
Among tlic common complaints and observations attributed to bromide intox- 
ication arc .skin oruiitions, diwvsinoss, ui>pcr respiratory infections, and, at 
times, anorexia and weight loss. 

Lately Paslcind* reported on observations of a large number of extra- 
mural epilcjitie jiatients who were treated with sodium bromide over a period 
of many years and .showetl tliat bromides do not cause mental deterioration, 
another observation sometimes attributed to the use of bromides. 

In the clinic for epilepsy at the Northwestern University ^ledical School, 
bromides are found to be the mo.sl efficacious drugs in the treatment of the 
convulsive state. Cy regulating the individual dosages in accordance with 
clinical observations and frequent blood bromide determinations (AViith 
method®), very few toxic complications have rc.siiltcd. 

The present study eoncorns it.sclf with nutrition, function of the gastro- 
inte.stinal tract, and metabolism. 

Rromides, wlion taken orally, are rfli>idly absorbed from the gastroin- 
te.stinal tract and also secreted by it, replacing the chloride ion (Nencki and 
Sehoumow Simanowsky,*’’ BolgarU* Replacement of the chloride ion occurs 
in all ti.ssues, including the blood (Bo.she.s,'* Mason®), \\nien injected, it is 
rapidly secreted but slowly excreted from the body. Bromides are found 
normally in the body ti.ssues in very small quantities (less than a fraction of 
a milligram) which vary with the diet, but they arc not necessary to normal 
body metabolism CWinnek and Smith”) - 

Since the bromide ion is secreted by the stomach with the chloride ion, 
hydrobromic acid must be present with hydrochloric acid in the stomach 
secretion. The effect of liydrobromic acid on peptic digestion in in vitro ex- 
periments "Was therefore studied. 

To determine peptic activity of hydrobromic acid, Mett’s tubes, 20 mm. 
long filled with coagulated egg albumen,® were placed in different mixtures 
as seen in Tables I and II. It can be seen that tiie greater the concentration 
of bromide in the acid, the less digestion occurred, although the peptic di- 
gestion in all experiments reached a degree which is considered normal. 
One could then say that hydrochloric acid alone is a faster activator of pepsin, 
although the retarding action of hydrobromic acid clinically should not be 

apparent. 



the Department of Ner\-ous and Mental Diseases. Northwestern UnJversity^Mfedlcal 

Aided by a erant from the Minnie Francis Kieman Memorial Fund. 

Received for publication. March 13. 1939. 



20 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Table I 


Effect of HYDnoBROjric Acid on Peptic Digestion 


experiments 

pepsin 

SOLUTION 

0.1S%IIC1 

0.18% HBr 

mCESTION IN 20 MSI. 
mett's tubes 

PER CENT 
A.X'ERAOE 

digestion 






2 

24 HOURS 

1 

1 c.c. 

15 c.c. 

0 


20/20 

100 

2 

1 c.c. 


15 c.c. 



00 

3 

1 c.c. 

7.5 c.c. 

7.5 c.c. 

20/20 

10/20 

90 


1 c.c. 

0 

15 c.c 

0 

SLO 


0/20 

0 

5 

1 c.c. 

10 c.c. ! 

5 c.c. 

20/20 


100 


Table II 


E-VPERI- 

MENTS 

PEPSIN 

SOLUTION 

0.2% Hd 
N/20 

0.2% HBr 
n/20 

1 

1 C.C. 

15 c.c. 

0 

2 

1 c.c. 

10 C.C. 

5 c.e. 

o 

O 

1 c.c. 

7.5 c.c. 

7.5 C.C. 

4 

1 c.c. 

5 c.c. 

10 c.c. 

5 

1 c.c. 

0 

15 c.c. 


DIGESTION IN 20 MJI. 
mett’s tubes 

PER CENT 
AVERAGE 
DIGESTION 

17 HOURS 


pHQHI 

3 

20/20 


18/20 

95.0 

19/20 


13/20 

71.5 

16/20 

13/20 

14/20 

71.5 

13/20 

1 10/20 

10/20 

55.0 

7/20 

7/20 

8/20 

30.5 


Table III indicates similar in Aotro experiments to study the effect of 
bromide salts on tryptic digestion. Sodium bromide had no retarding effect 
on the tryptic digestion of casein. 


Table m 


Effect of Halide Salts on Tryptic Digestion 


EXPERIMENTS 

Casein 

TRYPSIN 

halide salt 

DIGESTION 

AFTER 

15 MINUTES 

1 

10 c.c. 

1.4 c.c. . 

None 

Complete 

2 

10 c.c. 

1.4 c.c. 

1.0 c.c. 10% NaCl 

Complete 

3 

10 c.c. 

1.4 c.c. 

1.0 c.c. 10% NaBr 

Complete 

4 

10 C.C. 

1 1.4 c.c. 

0.5 c.c. 10% NaCl 

0.5 c.c. 10% NaBr 

Complete 

5 

10 c.c. 

i 1 .4 c.c. 

1 2.0 c.c. 10% NaBr 

Complete 


Epstein® felt that in clinical experiments in three cases, he demonstrated 
an increased acidity and an increase in peptic digestion by bromide medica- 
tion. Since hydrobromic acid is a stronger acid than hydrochloric acid, one 
would expect a decrease in pH, but the slight difference would not he clin- 
ically significant. 

Bromides have been recommended by many workers in functional gastio- 
intestinal disturbances, but their actual value never has been deteimme 
Baltaceanu” reported no constant action of bromides with or without atropine 


on the gastric acidity. 

As previously stated, from time to time epileptic patients on bromide 
therapy appear to lose weight. In some anorexia is a complamt. i i is 
in mind a group of 34 patients, who, with the e.xception of one, had been 
Mowed Jm one to ein yen,;, yns studied with reg.vd to not, -it, on, gnstro- 
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intestinal complaints, weight, gastric analysis, blood bromide, urine, stool 
and blood examinations. Eight of these patients suffered from an organic 
epilepsy and 26 from the idiopathic type. 

The age distribution of the patients studied was as follows: one patient 
was under 10 years; 7 were from 10 to 20 years; 11, from 20 to 30 years; 7, 
from 30 to 40 years; 6, from 40 to 50 years; and 2, from 50 to 60 years. ’ 

The results of urine, blood, and stool examinations revealed nothing ab- 
normal. Urines occasionally showed a trace of albumin, which usually dis- 
appeared on subsequent examinations. The results of microscopic examina- 
tions showed nothing abnormal. 

Blood examinations included red and white lilood cell counts and dif- 
ferential count and hemoglobin determinations, llild secondary anemias 
uere occasionally discovered even before the institution of bromide therapy, 
but such a condition is not unusual in clinic patients who are on an inade- 
quate diet. This condition responded welt to an antiancmic regime. The 
results of .stool examinations were all within normal limits, with the excep- 
tion of positive benzidine reactions; patients with these reactions were not on 
mcat'frec diets at the time. 

^ All patients were questioned as to the presence of gastrointestinal com- 
P aints,^ Jlany were constipated and were relieved I)y placing the bromide 
ni a mixture of infusion of Adonw vcrnalis. In some eases it was necessary 
to ghe mineral oil or mild laxatives with modifications of their diet. ^Vhe^e 
gastrointestinal complaints were made in a few cases, they had been present 
before bromide therapy. In no case did patients have gastric disturbances 
irectly attributable to the bromide. Mo.st of the patients with such com- 
P amts felt bettor on bromides. Anorexia was not an uncommon complaint, 
ut when present was observed in tliose patients who became toxic or who 
ran a high blood bromide (of 300f mg. per cent). In these patients, when the 
lood bromide level was decreased and their diet increased, there was no loss 
ot weight. 


In Table IV one can correlate length of time patients were on sodium 
Jromide with their weight, before and after starting medication. The state 
of their nutrition and average blood bromide are given. 

^ One can see the variation in weight is within normal limits. In patient 
'■ JI. the weight loss was 18 pounds over a period of three to four years. 

^ ost of this weight loss was due to an inadequate caloric diet at the begin- 
^mg of treatment. In the last year his weight has been stationary. In 5 
patients, W. q 2 ]^ in the adolescent age, 

weight increased during their growth period in spite of their continued bro- 
me intake. There was no correlation between duration of bromide therapy 
■ nq 'weight gain or loss. The nutritional state was good in most of the cases 
fair in only a few cases. There were no cases of malnutrition due to 

bromides. ■ 


2 QQ average blood bromide level attained in the clinic is usually around 
nig. per 100 c.e. blood. AVith this level we see very few toxic cases, con- 
ary to the statement of many workers that a blood bromide over 150 is 
bxic and dangerous. 



22 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


Table IV 


years on 
N aBr 


1-S 

1. P. K 

2. E. T. 

■ 3. E. A. 

4. K. K. 

5. W. T. 

6. E. E. 

7. N. J. 

8. L. L. 

9. M. P. 

10. B. O. 

11. W. M. 

12. W. K. 


1. M. H. 

2. C. K. 

3. E. C. 


NUTRITION 


Good 

Good 

Good 

Good 

Good 

Good 

Good 

Pair 

Pair 

Good 

Good 

Good 


Good 

Good 

Good 


WEIGHT 


BEFORE 


195 

182 

197 

127 

124 

120 

130 

98 

99 
81 
49 

145 


92 

172 

157 


AFTER 


205 

172 

197 

127 

116 

124 

138 

94 

99 

86 

66 

147 


90 

167 

139 


DIFFERENCE 


+10 

-10 

0 

0 

- 8 
4 
8 
- 4 
0 

+ 5 
+17 
+ 2 


+ 

+ 


2 

5 

-18 


AVERAGE BLOOD 

bromide 


225 

250 

225 

250 

160 

250 

225 

150 

210 

225 

175 

200 


170 

175 


4. E. R. 

Pair 

132 

128 

- 4 

160 

5. B. H. 

Good 

125 

127 

+ 2 

160 

6. M. L. 

Good 

120 

109 

-11 

225 

7. M. M. 

Good 

130 

135 

+ 5 

175 

8. G. N. 

Pair 

108 

131 

+23 

125 

9. L. J. 

Good 

138 

131 

- 7 

175 








Good 

134 

130 

- 4 



Good 

96 

130 

+34 

175 


Good 

193 

187 

- 6 



Pair 

118 

120 

+ 2 

250 

4-5 






1. J. K. 

Good 

154 

149 

- 5 

200 

2. P. M. 

Good 

148 

ISO 

-18 

175 

3. K. E. 

Pair 

103 

103 

0 

250 

4. C. L. 

Good 

153 

154 

+ 1 

200 

e-8 






1. E. S. 

Pair-Good 

67 

95 

+28 

250 

2. A. J. 

Good 

127 

128 

+ 1 

175 

3. P. P. 

Good 

101 

150 

+49 

150 

4. C. E. 

Good 

136 

136 

0 

200 


One can reiterate that, when weight loss occurs in patients on bromides, 
the diet has been decreased because of anorexia, and when the diet is in- 
creased or supplemented by frequent feedings, weight can be restored. 

Gastric analyses were done in 20 patients (Table V). Free acid varied 
from 8 to 49 and total acid varied from 24 to 65 units of N/10 hydrochloric 
acid. There were no patients with achylia gastidca as reported by Felsen, 
or high acidity as reported by Dattner.^'* The total halides varied between 
400 and 780 mg. per cent and the bromides from 25 to 50 iier cent of the total 
halides. There was no relationship between change in weight and results in 
gastric analysis. 

Because bromine is one of the halogen familj’-, one might e-xpeet it to have 
an action similar to iodine. The possible action of bromide on the thyroid 
was studied, MargoliiP- and HamiltoiP^ fed bromides to guinea pigs and 
albino rats and produced histologic changes in the thyroid gland similar to 
that produced by iodine, but not to such a marked degree. With this in 
mind, basal metabolic rates were determined on 13 patients when their blood 
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Tablc V 

OAsrnic Axaia.ses 



[ A\TRAOE 
BLOOD 
BROMIDE 

I ACIDITY 1 

TOTAL 

HALIDES 

1 

BROMIDE 

PER CENT 
Br/IIALIDES 

rnRE 

TOTAL 

L P. K. 

223 1 

49.0 

03.0 

0.10 1 

23(1 

40 

2. V. S. 

1 isn 1 

39.0 

.1.1.0 

400 

200 

50 

F. K, 

173 

22.0 

40 0 




4. J. K. 

200 

:i7.o 

02.0 

430 

200 

44 

.•). E. C. 

223 


00.3 j 

720 1 

.100 i 

41 

a. F. M. 

173 

47,3 ; 





7. K. K. 

230 

22.0 

.10.0 




S. F. F. 

130 i 



7S0 1 

2(50 1 

33 

!». W. T. 

KiO 

1 7.3 

27.S 

.300 

150 1 

27 

in. E. E. 

230 i 

+ 


OSo 

230 1 

36 

11. E. H. , 

200 

18.0 

21.0 

7S(* 

250 

I 33 

12. B. H. 1 

300 

39.3 

27..1 

020 

2S0 

1 45 

i;5. C. R. 1 

200 

9.4 



280 


14. M. L. 1 

223 



410 1 

1 215 

50 

Id. N. J. 1 

223 

8.0 

.10.0 

4.SO 

1 123 

I 26 

HI. L. L. 

350 

.^ao 

44.0 



1 

17. M. P. 

210 

29.3 

47.0 




IS. E. S. 

230 

24.0 

49.5 




IP. C. S. 

200 

IS.O 

.11.0 




20. I. tv. 

230 

22,0 ! 

1 .12.0 





bromide wns at a higli level Tlic rales were all within normal limits. None 
were over +20 or less than ~20. In three eases the rates were -17, —16, and 
-20, but these rates could not be correlated with any other hypothyroid man- 
ifestation. One jiaticiit was toxic and ran a blood bromide over 300, but her 
basal metabolic rate was +7.8 i>cr cent. 

Sodium bromide is safe to use over a lonj; period of time, but patients 
need to be observed for it.s possible toxic eO’cets. Nutrition need not be af- 
fected. AVeight can be Uept at normal level witli an adequate calorie intake. 

COXCU’SIOX.S 

1. Bromides arc .secreted by the stomacli, displacing the chloride ions 
fis in the blood and other tissues. Hydrobromie acid in vitro slightly retards 
peptic digestion but not enough to produce clinical symptoms. 

2. Bromides have no retarding effect on tryptic digestion in vitro. 

3. A high blood bromide has no effect on nutrition. AVeight loss is pro- 
duced only when tliere is anorexia or bromide toxicosis producing an inade- 
quate caloric intake. 

*1. Gastric analyses of patients on bromides showed nothing significant. 
The chloride ion M'as displaced by bromide from 25 to 50 per cent. 

6. A high blood bromide level produced no abnormal change in the basal 
metabolic rate. 
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THE COERELATION OP CLINICAL, ELECTROCARDIOGRAPHIC, 
AND CIRCULATION TIME FINDINGS IN DETERMINING 
THE CARDIAC STATUS IN INFECTIOUS DISEASES'' 


Louis H. Sigler, M.D., Philip I. Nash, M.D., Isidore Stein, M.D., 
AND Samuel Epstein, M.D., Brooklyn, N. Y. 


T he question as to how frequently the heart is damaged during the course 
of infectious disease and how much such damage contributes to the symp- 
tomatology has not as yet been definitely answered. That pathologic changes of 
an acute nature are found on post-mortem examination in individuals who die 
from infectious disease has repeatedly been demonstrated in the past. Tins is 
true, however, in those who die and may not be true in survivors. Furthermore, 
even of those who die only a comparatively small number show pathologic 
changes. Thus Stone^ found that of 259 autopsies of patients with lobar pneu- 
monia, bronchopneumonia, and pneumococcus sepsis, 57 per cent of the first, 
66 per cent of the second, and 38 per cent of the last had normal hearts. 

An attempt has been made in the past few years to answer this question 
by electrocardiographic means by Brow,“ Chagras,^ Master and Romanoff,^ 
Master, Romanoff, and Jaffee,® Degraff, TraveU, and Yager,® Arrett and Harris, 
Porter and Bloom® and others. More recently, studies of the circulation time 
have been used for the same purpose on 75 patients with lobar pneumonia y 
Hitzig, King, Bullowa, and Fishberg.® A few cases in which such ^ 
made are also mentioned by Hitzig,^® and by Tarr, Oppenheimei, an a^er. 

^rom the Department of Meaicine. Coney Island Hospital, Brooklyn- 
Received for publication. JMarch, 14. 1939. 
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No correlation lias, liowcvcr, liccn made between the clinical manifestations, tlie 
electrocardiographic cliangcs, and the circulation time, so as to attempt to arrive 
at a more exact estimation of tlic cardiac status. 

This paper is an attempt at such correlation. It covers 81 patients with 
infectious disease on whom the circulation time was determined at the same 
time that clcctrocardiograiihic .studies were made, and the findings were cor- 
related with tlic subjective symptoms. It add.s that many more cases of circula- 
tion time studies in infectious disease to the comparatively small number re- 
corded in the literature. 

MATERIAL AND METHODS FAU’I.OYED 

Our series consisted of 69 patients with lobar jmoumonia, 3 with meningo- 
coccus meningitis, 4 with ui>pcr respiratory infection, including one with 
Vincent’s angina, 3 with influenza, one ivith nlccralive colitis, and one with 
empyema of the gall bladder. There were 39 females and 42 males, varying 
in age between 14 and 69 years. Twelve patients, all belonging to the pneu- 
monia group, died, and 69 recovered. Only one case liad come to autopsy. 

The circulation time wa.s determined by the saccharine and ether methods 
at the height of the disease or when symptoms were marked. In most cases 
where the saccharine time was normal, no ctlier time determination was done. 
Electrocardiograms were obtained at the same time as the circulation time and 
were repeated at intervals of one to four days. If the circulation time was ab- 
normal in any ease, a follow-up was made. Abnormalities in heart sounds (if 
any), the presence or absence of murmui's. cyanosis, and objective dyspnea were 
recorded at the same lime. 

Noteworth}’' changes in the cloctroeardiogi’ani were artificially divided into 
first, second, and third degrees. In the first degree were placed such changes 
as notching or slurring of the QRS complc.xcs in Eead I or Lead III where 
previously these complexes were normal: low voltage T waves in all leads and 
change from positive to negative T wave in Lead III. In the second degiee \vere 
included low voltage QRS complexes in all leads witli sliglit slurring or notching, 
isoelectric T wave in the Lead II and negative in Lead III. In the third degree 
were cases showing marked notching or slurring in tlie QRS complex oi 
without low voltage, and marked clianges in the T wave in Leads I and II or all 
leads. 

The limits of normality for the circulation time were set at 9 to 16 seconds 
for saccharine time, and 3.5 to 8 seconds for ether time. ^ The circulation time 
was obtained only in 77 patients on whom 99 saccharine time and 28 ether time 
determinations were done. One hundred and ninety-three electrocardiograms 
were done on 80 patients at varying intervals. There were 4 patients on whom 
no circulation time but repeated electrocardiograms were obtained, and one 
patient on whom no electrocardiogi-am was obtained but circulation time was 

determined. 

The objective clinical signs looked for were visible dyspnea, cyanosis, cardiac 
murmurs, or gallop rhythm, and changes in the heart sounds, such as diminished 
intensity, splitting, accentuation, or reduplication. 
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OBSERVATIONS 


The Electrocardiogram . — Insignificant eiianges, sucli as slight variation in 
voltage of the QRS complex and of the T wave, and negative, isoelectric or 
diphasic P wave in Lead III. were frequently observed, but only 15 person.s 
showed noteworthy changes that could be grouped under the first, second, and 
third degrees pi’cviously described. Of tliese the following changes were noted in 
the course of the disease : 2 changed from normal to first degree ; 2 from normal 
to third degree ; one from first to second ; one from first to second then to normal; 
one from second to third degree; one from second to third degree then to 
normal ; 4 from third degree to normal ; one from third to first then to second 
degree; 3 from third to first degree; 2 from first degree to normal; one from 
second to first; and one from second to third and then first degree. All these 
changes occurred at various periods during the illness or in convalescence. One 
patient presented sinoauricular standstill with ventricular escape and ectopic 
auricular impulses on the third daj’’ of illness from meningitis which persisted 
till recovery. 


The most frequent changes observed wei’e in the direction of the T waves in 
Leads II and III. Only one ease of prolonged P-R conduction time to 0.24 
second was seen. Brow observed this condition in 14 out of 65 cases of 
typhoid fever. Master and his co-workers observed it in 35 per cent of cases of 
pneumonia. Our incidence is about the same as that of Arrett and Harris who 
found the condition in 2 out of 77 pneumonia patients. At no time did we 
observe changes in the R-T or S-T segment characteristic of carl}’’ coronai'y 
occlusion reported by Master and his co-workers. An occasional slight depression 
or elevation and rounding was seen, but it was not characteristic of occlusion. 
Sometimes an auricular premature contraction was seen and sinus bradycardia 
and arrhj’thmia were frequent findings in convalescence. A few representative 
electrocardiograms are shown in Pigs. 1 to 4. 

It was found oecasionallv that improvement in the appearance of the T 
wave occurred when the clinical condition became definitely worse and even 
shoi’tly before death. This is seen in Fig. 1 where all T waves became positive 
one day before death when they were almost isoelectric before. Post-mortem 
examination showed neither gross nor microscopic pathology of the heart. 
There was merely slight arteriosclerosis of the descending thoracic and 
abdominal portions of the aorta. In some cases the return to a normal T wave 
went hand in hand with the improvement of the patient’s condition, as seen m 


Fig- 2. ..II 

The Circulation Time . — In 58 patients the saccharine time was norma an 
in 19 it was prolonged. Ether time was normal in 13 and prolonged in 7. Five 
patients showed prolonged saccharine time and normal ether time ;^two o t lesc 
died and 3 recovered. In 3 patients the saccharine time was 8.5, S, an ^ . 

seconds, respectively, the last of which is far less than the ' 

Four patients had unusually prolonged saccharine time of 4, 6.o, > 

and 3 minutes 14 seconds, respectively, the first of which had a so a pio 
ether time to 36 seconds. It is questionable, however, if the ^res ac u 
'"Resent the circulatte timo. All 4 patients ,ve.-e at, .porous at the t.me of 
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Fjjr. 1. — From II cn50 of lobar pncximonla, typo HI. fcninlc 40 years old. A. Seconil 
dav of lllnos.s. Rate Eld. Tendency toward left nxis deviation. sllKbt depression of S-T 
sei^inent. anil verj" low volt.ace T wave In Lends I and II. X'cgativc T wave In Lead III. B, 
Third day of inne.«»s. Hate llM. QHS complexes In Lead.s I and III aie of lower voltafre. C. 
Fifth dav of Illness anti one day before dratli. Hate JJIIJ. T Wiivo In all leads is posltl\e. 



, ,,, Elf?. 2 . — From a case of lobar pneumonia, type I. female 14 yeai.s old. A, Second day 
of llness. Rate mo. Isoelectric T w’a\e m Lead II and necativc T wave In Lead III. 

Fifth (lay of Jllnc.ss. Rate W. T wave m Lc.id II positive and In Lead III still slifrhtl} negra- 
tlvc. C, Eigrhth day of ilincs.s, beginning; con\alesceiice Rate fc3. T w’ave In all leads is 
now positive. 


the test, and it is likely that tlie perception apparatus was at fault. Three of 
these recovered and one died. Tlie average etiicr time in the entire series Avas 
'i.n seconds, and the saccharine time Avas 13.3 seconds TIic aA'erage high 
saccharine time Avas 19 seconds. 

Repeated circulation time determinations in 15 patients showed changes 
^I’om time to time, as .seen in Table I. Seven had a prolonged time early Avhich 
returned to normal later. One of these died. In 2 patients the circulation time 
became faster and in 2 others it became somen’Iiat prolonged but still AAithin 
normal limits. No constant relationship ivas noted betAvecn the height of tem- 
perature and the rapidity of circulation time, as is shoAvn in Table I. 

Tlie circulation time Avas prolonged more often among those patients Avho 
tbed than among those Avho survived, as sliOAvn in Tabic II. It Avas also found to 
be more frequently prolonged after 45 yeara of age, as shoAvn in Table III. 
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Tauli: I 


SUMMAIIV OF ClIANon.S NOTKD IN THE SaC( HAUINH TiME IN 15 PATIENTS 


CASE NO. 

DISEASE AND TERMINATION 

D.VV OF ILLNESS 

SACCHARINE 

TIME 

TEMPERATURE 

1 

Pnounionia tvpo V 

5til 

11.4 sec. 

104.8 


Recovered 

Sth 

0.15 see. 

104.2 

2 

Pneumonia t^^)e X\' 

4th 

24.0 sec. 

102.0 


Recovered 

5tli 

Ui.2 sec. 

103.0 



12tli 

12.4 sec. 

101.0 

5 

I’neunionia t^'po I 

5th 

10.7 sec. 

103.0 



llth 

1 0.0 sec. 

102.0 

4 

Pneumonia t^^ 1 e II 

dill 

15.2 see. 

103.0 


Recovered 

10th 

1.3,5 see. 

100.0 



12tU 

14.G see. 

100.0 

5 

Pneumonia type VII 

lltU 

12.2 sec. 

103.4 


Recovered 

iSth 

10.2 "see. 

9S.G 

C 

Pneumonia t^ 7 >c VI 

Oth 

18.0 .sec. 

08.0 


Recovered 

nth 

0.5 see. 

08.2 

7 


7th 

22.0 see 

100.4 



8tU 

25.0 sec. 

100.2 



17th 

10 5 see. 

09.0 

8 

Pneumonia tvpo I 

Oth 

13.3 see. 

103.0 


Recovered 



100.6 



I4th 

10.4 sec. 




17tli 

1 1 0 ROC. 

101.0 

0 

Pneumonia tvpo I 

2nd 

20.0 see. 

106.2 


Recovered 

Sth 

22 0 see. 

90.6 



nth 

12 0 <500. 

08.4 



loth 

13.3 see. 

08.6 



Rrd 

18.5 ROC. 

102.0 



(itii 

12.5 «oc. 

08.6 

11 

Upper ro.spiratorv infection 

2nd 

10.0 sec. 

100.8 


Recovered 

Clli 

10.0 .see. 

08.4 

12 

Pneumonia tj^pc III 


14.0 see. 

103.0 


Died 


IG.l see. 


13 

Pneumonia tj-po V 


J5.2 see. 

104.0 


Died 


5.0 min. 


14 

Pneumonia III 

3rd 

10..5 ROC. 



Died 

lOtli 

12.2 sec. 

101.2 



20th 

12.2 see. 

102.0 

15 

Pneumonia tvpo III 

4tli 

20.0 sec. 

104.4 


Died 

5th 

3 min. 14 .see. 

104.0 


Table II 

Relative Fuequency or Noebial and Abnormal Ciucvlation Time in Patients "Wiro 
Kecovered and Those Who Died 
Only 11 patients who died lind circulation time determinations done. 



PATIENTS 

RECOVERED 

1 PATIENTS DIED 


NUMBER 1 

1 PER CENT 

NUMBER 

PER CENT 

•Wormal Circulation Time 

52 1 

78.8 

C 1 

04.5 

Prolonged Circulation Time 

14 1 

1 21.2 

5 1 

45.5 


Table III 

Tile Relative Frequency of Abnormal and Normal Circulation Tijie in Individuals 
Above and Below 45 Years or Age 


1 

I BELOW 45 YEARS 1 

1 ABOVE 45 YEARS 


NUMBER 

PER CENT 

NUMBER 

PER CENT 

i^vormal Circulation Time 

53 

80.3 

5 

45.5 

Abnormal Circulation Time 

13 

19.7 

6 

54.5 
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Normality or abnormality of the circulation time did not go band in hand 
with corresponding changes in the electrocardiogram, as shmra in Table lY. The 
circulation time was as frequently prolonged ivhen the electrocardiogram was 
normal as when it was abnormal. Also, marked electrocardiographic abnor- 
malities were sometimes seen when the eii’culation time was normal. 


Table IV 

Compar.\tive Frequency of Normai. and ABNOKitAL Electkocarwogra.us on Pays When 
THE Circulation Time Was Normal or Abnormal 



XORifAli 

ABNORAIAL 


EI.ECTROfARDIOGRAM 

ELECTROCARDIOGRAM 


number j 

1 PER CEXT 

1 NUMBER i 

1 PER CENT 

Normal Circulation Time 

34 

1 48.G 

30 

51.4 

Abnormal Circulation Time 

14 

i 50.0 

14 

50.0 


In pneumonia patients the type of organism appeared to have some effect 
on the frequency of electrocardiographic changes and the prolongation of the 
circulation time, as shown in Table V. The number of cases, however, ivas not 
suffieient from which to draw definite conclusions. No relationship was noted 
between electrocardiographic abnormalities and clinical signs of dyspnea, 
cyanosis, abnormal heart sounds and murmurs, as shown in Table VI. Ab- 
noi’mal electrocardiograms occurred just as frequently witli as without these 
signs. Prolonged circulation time, on the other hand, occurred more fre- 
quently in the presence of these sjunptoms. 


Table V ^ 

Kelationship of Type of Pneumonia to Normal and Abnormal Circulation Time and 

ELECTBOC ARDIOGU.AM 


PKEmcoyriA 

TYPE 

CIRCULATION TIME 

ELECTROCARDIOGRAM 

KORMAIi 

ABNORMAL 

NORilAI/ 

1 ABNORMAL 

KO. 

Yo 

NO. 

% 

NO. 

% 

NO. 

% 

I 

6 

S5.7 

1 

14.3 

o 

o 

37.5 

0 

02.5 

IT 

6 

75.0 

2 


5 

62.5 

3 

D 1 >6 

in 

4 

57.0 

3 


3 

50.0 

3 

50.0 

V 

3 

100.0 

0 


2 

06.6 

1 

33.3 

vn 

6 

S5.7 

1 

14.3 

5 


? 


tmi 

0 ' 


1 


1 




xir 

1 

Kli iliH 

0 


0 


i 1 


xx 

1 


0 


1 




XXI 

1 

BinViH 

0 


0 




Untyped 

27 

K 19 

4 


12 





Table VI 

Relationship of Objective Signs to Frequency of Normal and Abnormal Circulation 


Time and ELECTROCARDIOGRAil 


PHYSICAL SIGNS 

ELECTROCAEDIOGRAJI 

CIRCULATION r.ATE 

NORMAL 



Ais^yu 


NO. 

% 



NO. 

29 

27 

22 

28 

14 

41 

37 

31 

% 

NO. 

% 

80.5 

84.4 

51.4 

82.5 
73.7 
85.4 
84.0 
8G.0 

i 

19.0 

15.0 
IS.G 

17.5 
10.3 

14.6 

16.0 
14.0 

Dyspnea 

No dyspnea 

Cyanosis 

No cyanosis 

Murmurs or gallop 

No murmurs or gallop 
Abnormal heart sounds 
Normal heart sounds 

19 

18 

10 

IS 

11 

30 

21 

19 

48.7 

48.7 

53.3 

47.4 
55.0 

55.5 

45.5 
51.3 

20 

19 

34 

20 

9 

24 

22 

18 

51.3 

51.3 

46.7 

52.6 
45.0 
44.5 
51.2 

48.7 









































SI{!LT:K KT At..: DCTKK.MINING CARDIAi s'l \TrS I.N IXlTCTIOra niSCA-Sn-S 81 


DISCUSSION 

It appears I'roin our observations that, although electrocardiographic 
changes frequently occur in infectious disease, they may not signify myocardial 
involvement. With llic excciition of rlicuiiiatic fever and rarely other active 
infections specifically involving the heart, clianges in the electrocardiogram noted 
in the course of acute infectious disease might occur just as often in patients 
with or witliout demonstraiile cardiac damage, as evidenced l)y clinical signs and 
circulation time determinations. It might be that changes are due in manj' cases 
to the febrile state itself and, in j>neinnonia, to such conditions as alterations 
in tlio environmental media of the heart and slight positional changes of that 
organ caused by solidified lung. 

That fever in itself may i)rodm*e changes in the electrocardiogram was 
demonstrated by Vcsell and Bicrman.’- Tlicy explained the phenomenon by 
assuming tiiat local cardiac and general clicmieal and physiologic alterations 
are produced by hyperthermia. Katz and lus co-workers^-^’ demonstrated 
changes in the elect rocardiogram liy alteration of the media adjacent to the 
heart. Sigler,” and previously Meek and Wilson.” Kathanson,’' Kountz and 
Prinzmetal and others/* observed definite clianges in the electrocardiogram by 
alteration in posture. Wo must, therefore, be on guard in evaluating electro- 
cardiographic alterations in tlie course of acute infectious disease. 

Tile circulation time apjicars to he a nuieh better criterion of tlic presence 
of cardiac involvement in infectious disease. Our incidence of prolonged circu- 
lation time is somewhat greater llian that of Hitzig, King, Bullowa, and Fish- 
herg.® We included in the abnormal group, howcvei', some patients wiio showed 
figures only slightly above tlie maximum limit of normal. The actual number 
of persons .showing definitely prolonged circulation time would perhaps approach 
their figures. 

It is of interest to find tliat prolonged circulation time occurred moie fre- 
quently in patients wlio died than in those who survived. This would speak 
for cardiac failure as a contributing cause ol deatli in a small proportion of 
cases. Although none of these patients presented signs of cardiac disease be- 
fore, it is interesting to observe also that the circulation time is more often 
prolonged after 45 years of age, when degenerative changes arc apt to occur. 

Repeated determinations of the circulation time in the same patient re\ealed 
some variations in length from time to time. There was nearly always a tend- 
ency for it to become shorter on recovery from the disease, even if abnormally 
prolonged before. Tliis would indicate that in an occasional case some degree 
of myocardial insufficiency exists during the course of the disease which returns 
to normal later. 

SUMMARY AND CONCI.USION.S 

Repeated electrocardiograms and circulation time determinations Mere 
on 81 patients witli acute infections disease, 69 of wliom M-cre patients with lobar 
pneumonia. Frequent changes in the electrocardiograms were noted in the 
course of the disease or in convalescence, some trivial, others more pronounced. 
The degree of changes did not go hand in hand with the severity of disease, 
^vith the degree of clinical signs, or ndth the lengtii of circulation time. The 
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eireulation time was found to be prolonged more frequently in patients who died 
than those who survived, and after 45 years of age than before. It was also 
more frequently prolonged when abnormal clinical signs were present. In an 
occasional case there was prolonged eireulation time during the height of the 
disease which returned to normal later. 

The findings would tend to lead to the following conclusions : 1. Circulation 
time is a good method to determine the cardiac efficiency during the course of 
acute infectious disease. 2. The electrocardiogram is of questionable value in 
determining the myocardial state in such disease. 3. Cardiac failure is at 
least partly responsible for occasional deaths in acute infectious disease. 4. 
It contributes at times to symptoms. 5. Latent and previously undiagnosed 
cardiac disease often occurs in persons past 45. 
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THE ABSENCE OF ACUTE EFFECTS OP SEX HORMONES* 


Macdon'ald Dick, JI.D., Durham, N. C., and Charles AV. Hooker, Ph.D., 
New Haven, Conn. 


A lthough much is known oC the physiolojiie actions of the various estro- 
L genic and androgenic hormones, there seem to ])c insufficient data to cstab- 
lisli whether or not tlicre are any immediate .S3*stemic effects whicli accompany 
a marked increase in circulating hormone. It has been reported* that intra- 
venous or subcutaneous administration of crystalline meiiformou, although 
without effect in men, promptly’ resulted in a diminution of the blood pres- 
sure in h.vpcrtcnsive women, amounting to 15 to 20 mm. Hg; this sulistance 
rapidly lowered the blood pressure in female dogs but was inactive in this 
respect in male dogs. On the other hand, it has also been reported®*^ that 
up to 10 R.U. of menformon or follicular extract have no effect on blood 
pressure or respiratori* rate of dogs and cats, and that intravenous admin- 
istration of quite large amounts of thcclol produced no change in blood 
pressure, heart rate, and rcspiratoiy rate of anesthetized dogs.® 

Steinach and his co-workers'* have reported that testosterone and andro- 
steronc given suheutancousl.v reduced the blood pressure of patients after 
about two weeks. Grceiio' denies .such an effect. In eunuchs, on the other 
hand, who arc often hj'potcnsivc, testosterone seems to produce a rise- in 
blood pressure and pulse rate,® 

Since there apparently have been no studies of the immediate systemic 
effects of the androgens and since in the estrogen studies very small amounts 
have been given, we examined the effects of large doses of these hormones in 
G young adult dogs under morphine-sodium barbital anesthesia. Continuous 
records of two to six hours w'ere taken of respiration by means of a pneumo- 
graph and of arterial blood pressure by a mercury manometer connected by 
a cannula to a carotid arteiy. Tlie hormone preparations were injected di- 
rectly into a cephalic vein. One female received 400 I.U. of theelin dissolved 
in 2 c.c. of Water. One male and one female each received 50,000 I.U. of 
estradiol benzoate in 1 c.c. of sesame oil suspended in 2 c.c. of the animal s 
serum. One male and one female each received 50 mg. of testosterone pro- 
pionate in 1 c.c. of sesame oil suspended in 2 c.c. of serum from the animal. 
The remaining animal, a male, received 45 mg. of powdered testosterone 
propionate suspended in 5 c.c. of the recipient’s serum. 

AVhen an adequate record had been obtained, each animal was castrated, 
all wounds were closed, and the animal allowed to recover. After a rest 
period of three weeks the animal was subjected to the same procedures as 
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before in an attempt to ascertain ■whether there is any difference in the intact 
and castrated animal. On both occasions the cannula for recording blood 
pressure "was put into the left common carotid artery. 

In none of the animals was there any change whatever, either before or 
after castration, in heart rate, blood pressure, or respiration, either immedi- 
ately on the intravenous administration of the hormone or up to six hours 
later. The blood pressures and respirations for each animal were essentially 
the same in the two experiments, although in the interval between measure- 
ments the animal had undergone gonadeetomy as well as recovery from the 
first experiment. 

In order to determine whether the vascoconstrictor mechanism was 
capable of normal response, each animal was given a small amount of epineph- 
rine at the end of each recording. The rise of blood pressure was in every 
instance quite normal. 

While it is possible that such factors as removal of the hormone from the 
oil, hydrolysis of the hormone esters, and excretion and inactivation of the 
hormones by the body may have altered the effective concentration, it is, 
nevertheless, clear that in these experiments we have increased the amount 
of androgen or estrogen in the circulation as abruptly as would be possible 
by any mode of administration. It follows that the administration of these 
.substances is not accompanied, at least in the dog, by immediate systemic 
effects. 

SUMJIARY 

Intravenous administration of 50 mg. of testosterone propionate, 50,000 
I.U. of estradiol benzoate, or 400 I.U. of theelin to male and female dogs, both 
castrated and intact, under morphine-sodium barbital anesthesia produced no 
change in respiration, heart rate, or blood pressure. 
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EVALUATION OP OXALATE SOLUTIONS FOR THE DETERMINATION 
OF PACKED CELL VOLUME IN HUIMAN BLOOD^ 


Jane JI. LraciiSENRiNO, Pii.D., Eva 0. Doni:i-son, Pii.D., and Lucille M. 
Wall, B.S., JIinneapolis, I\Iinn.. and Makcarct A. OiiLyox, Pii.D., Ames, Iowa 


P ACKED cell volmne nien.siu'cincnt, as a basis fur the determination of the 
normality of an individual’s blood picture, has been receiving increasing 
attention in recent years. The differences in the normal values reported in 
the literature may l)c attributed, in part, to tlic wide variation in the methods 
used. In the present study the Van Allen heniatoerit was employed. As has 
been pointed out,-^ the accuracy of the measurement is dependent upon the 
amount of centrifugal force applied and on the hind and concentration of the 
anticoagulant used. Thi.s investigation is concerned with the latter as ap- 
plied to human blood. 

That the concentration of anticoagulant definitely affects the accuracy 
of measurement of the volume of the packed cells has been pointed out re- 
peatedl}’ by those who have used the mctliod. \'nn Allen stated that the 
anticoagulant must be isotonic with the blood j)lasma; he also suggested the 
use of Iiirudin or heparin powder at the site of tlio removal of the sample, or 
even the use of no anticoagulant. Hadcn'^ similarly emphasized the impor- 
tance of an isotonic anticoagulant. 

Table I, which is a summary of anticoagulants that have been employed 
by other investigators, shows the wide variation in choices made, not only of 
kind but also of concentration. 


JIETIIODS 


In the present study the procedure emi)!oyed was essentially as follows . 
Blood samples were taken, through finger-tip puncture, from subjects who 
represented chiefly women of college age (17 to 25 years), with an additional 
group of older women whose ages ranged from 25 to 50 years. The latter 
were studied for the purpose of observing whether there was associated with 
age a demonstrable change in the tonicity of the blood which should alter the 
concentration of anticoagulant to be used with older individuals. 

Another point investigated was whether iiaving the subject in basal or non 
basal condition sliould influence the concentration of oxalate solution to be used. 
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Table I 


Kind and Concentration of Anticoagulants Reported in the Literature 


ANTICOAGULANT ’ 

PROPORTIONS TO BLOOD 

INVESTIGATOR 

None 

Defibrinated blood 

Hirudin 

Heparin 


Capps« 

Bie and Molleri 

Proehlichs 

Gram and Norgaardu 
Dieckmann and Wegnerii 
Walterses 

Dry sodium oxalate 

100 mg. to 10 c.c. blood 

Larrabeei^ 

Dry potassium oxalate 

20 mg. to 10 c.c. blood 

Osgoodis 


10 mg. to 5 c.c. blood 

Wintrobesi 


40 mg. to 10 c.c. blood 

Wintrobe and Miller^s 


50 mg. to 10 c.c. blood 

CampbelD 

Sodium oxalate (1.2%) 

0.5 c.c. to 10 c.c. blood 

Duliere and Adant® 

Sodium oxalate (1.3%) 

Van Allen hematocrit 

Smith and Prestos 

Sodium oxalate (1.4%) 

2 c.c. to 10 c.c. blood 

Hadenis 

Sodium oxalate (1.6%) 

2 c.c. to 10 c.c. blood 

Hadeni2 

Walters3o 

Schiomov'itz, Hedding, and 
Kehoe22 

Murphy and Pitzhughi® 

Sodium citrate (3%) 

0.5 c.c. to 4.5 c.c. blood 

Gramm 

Ammonium hydroxide 
(6 parts) and 
potassium oxalate 
(4 parts) 

2 mg. to 1 c.c. blood 

BethelD 


All subjects for whom the data are reported as being secured under basal 
conditions had been prepared for a basal metabolism test. For the data se- 
cured under nonbasal conditions, blood samples were obtained from the sub- 
jects without regard for consumption of food, physical activity, and time of 
day. 

The anticoagulants selected for the present investigation included 1.6 per 
cent and 1.8 per cent potassium oxalate and 1.2 per cent sodium oxalate. 
Heparin was used as the control anticoagulant. Fresh solutions were made 
weekly and stored in the refrigerator. These solutions were allowed to come 
to room temperature before using. All oxalate solutions were test^ an 
found to be neutral in reaction. In order to ascertain whether oven- 
of the oxalates before solutions were prepared would significantly ^ 

results, some samples ivere dried in a vacuum oven for two houis at ^ . 

This procedure seemed desirable since it was planned to use the same 
oxalate over a considerable period of time. 

It was also thought advisable to validate the use of hepaiin as ^ ® 
trol anticoagulant. This was accomplished by comparing the va ues o ai^ 
with heparin with those secured when no anticoagulant vas emp oje 
Celerity in sampling and centrifugation resulted in satisfactoiy e eimi 
tions. A good grade of heparin was applied, dry, at the site o t le ® 

The oxalate solutions under consideration were tested simu taneous y, o 

undricd ..Its, All samples ivere peepa.-ed in d.^licte 
lor thirty minutes at 2750 r.p,m. in on International ,,,5 

head 13 5 cm. in radius. The rate of centrifugation with va j o , . 

chfked by means of a revolution counter, and was found to yield at least 

2750 r.p.m. with a maximum load. 
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results 

Evaluation of Heparin as the Control Anticoagulant . — Although it is stated 
quite generally’'^' that heparin docs not influence cell size, we were un- 
able to locale data to support this contention. 

The observed mean differences in hematocrit values of the heparinized 
and oxalatcd samples from those to which no anticoagulant was added are 
presented in Table II. The observations represent determinations made on 
from 32 to 34 different individuals, all under basal conditions. These dif- 
ferences arc as follows; for heparin, -0.22 per cent; foi' l.G per cent potassium 
oxalate, ■t2.70 per cent ; for 1.8 per cent potassium oxalate, -2.43 per cent ; and 
for 1.2 per cent sodium oxalate, +1.42 per cent. 


Tabi-k II 

PiFFEP.EXCES IX HemaTOCEIT VaI.OE.S OnTAlXED tViTU IlEI’AmV \Sl) OXAL.VTE SOI.VTIONS FfiOM 
VAT.nF..S tVlTH N’O AXTICO-Ar.OI..iXT 



NUMD 

.SUBJECTS 

iPR OF 

OBSERVA- 

TIONS 

DIF- 

FERENCE 

IN 

pnn CENT i 

t 

PROBA- 

BILITY 

Heparia 

33 

38 i 



■RT iJM 

Potassium oxalate (l.C%) (undried): 

32 

32 


3.54 


PotAEsium oxalate (l.S%) (undried) 

34 

38 1 

-2.43 

4.D1 

^ ifl 

Sodium oxalate (1.295,) (undried) 

32 1 

32 1 

+1.42 

3.05 1 



The signifieauee of these differences was determined by applying the 
Student “t” test'' to the paired data. For the hejiarinized samples this 
difference was found to be insignificant, whereas a significant difference 
was observed with each of the oxalate solutions. These results justified the 
selection of heparin as the control anticoagulant. 


Table ni 

V.ABIATIOX OF DlFl EI;E.XrES BETWEE.X DUPLICATE SAMPLES 



A second approach to the study of the efficacy of heparin as the control 
consisted in evaluating the variability of the duplicates within determinations 
for each of the anticoagulants used. This was done by computing the mean 
of the differences and the standard deviation squared of the differences be- 
tween duplicates. The results are recorded in Table III. It may be observed 
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that the variation was least for the heparinized samiiles and tliose with no 
anticoagulant. Of the oxalated samples the variation of those with 1.8 per 
cent potassium oxalate most nearlj’- approached that of the heparinized 
samples, followed by those with 1.6 per cent potassium oxalate, ivhile those 
with 1.2 per cent sodium oxalate showed relatively greater 'wariation due 
to wide ditferenees in three pairs of samples. These data also support the 
use of heparin as the control anticoagulant, despite the fact that certain 
investigators^®' report difheulty with its use due to the formation of small 
clots which interfere with the hematocrit reading. 

As a measure of the magnitude of the difference between two determina- 
tions on the same individual, the workers at Iowa State College computed 
the analysis of variance"® on the data obtained from a series of determina- 
tions on each of 11 subjects using three anticoagulants, heparin, 1.4 and 1.6 
per cent potassium oxalate. The results of these eomputations are given in 
Table IV. It is evident that there is less difference between two determina- 
tions on the same individual than there is between the means for different 
individuals. A highly significant difference was observed between the effects 
of the anticoagulants. 

Table IV 

Analysis of Variance of Several Anticoagulivnts (Iowa State College) 

SOURCE OF variation DEGREES OP FREEDOM SIEAN SQUARE 

Methods 2 

Individuals 10 

Interaction 20 

Within individuals 42 

♦Highly significant. 

A similar computation on a series of determinations made in this lab- 
oratory gave the values recorded in Table V. The same highly significant 
difference between methods was observed. 

Table V 

Analysis op Variance of Several anticoagulants _____ 

SOUKCE OP VARIATION DEGREES OP FREED OM MEAN SQUARE 

Total 
Methods 
Individuals 
Interaction 
Within individual.® 

•Highly significant. 

In the tables which follow the results obtained with oxalate solutions 
are expressed in terms of differences from heparin. Tables VI and VII leeoi 
the data secured at the University of Minnesota and Table ITU those o i- 
tained at Iowa State College. 

Comparison of liesults With Dried and Undried Satis. It may be oiseit ec 
from the mean differences in per cent between the values ohtame niti 
heparin and those with the various concentrations of oxalate employe , t la 
oven-drying the salt resulted in all eases in solutions of greater coneentration 
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13 

39 
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35.33* 

28.80* 
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29.74* 

6.78* 

1.89 

2.18 
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(Table VI}. It is also apparent that all of the oxalate solutions tested, with 
the exception of the 1.6 per cent potassium oxalate prepared from the dried 
salt (subjects tinder basal condition), -produced results tvhieh differed sig- 
nificantly from those obtained with heparin. 

Since yaiying numbers of observations were made for the different solu- 
tions in this series, an additional study was undertaken to investigate more 
directly the effect of drying the salts upon the hematocrit values obtained. 
Using solutions of both the dried and undried potassium oxalate in the con- 
centration of 1.6 per cent, duplicate samples were prepared from the same 
finger prick for each of 42 separate individuals. In this series the mean dif- 
ference observed between the hematocrit values for the undried salt as com- 
pared with the dried was -3.78 per cent, an amount sufficiently great to be 
statistically significant (P < 0.01). It is obvious that the undried salts used 
in the present study contained sufficient moisture to alter significantly the 
concentration of solutions prepared from them. 

On the other hand, data secured at Iowa State College show that, when 
the potassium oxalate solutions were prepared from a previously unopened 
bottle, oven-di‘}dng the salt did not infiuenee the results. In a series on 12 
separate individuals the mean difference between the hematocrit values for 
heparin and those for both the dried and undried 1.6 per cent potassium 
oxalate solutions was 1.4 per cent. It would appear, therefore, that salts 
from a previously unopened bottle may not require oven-drying, whereas 
salts from previously opened bottles obviously require oven-drying to in.snre 
consistent results. 


Comparison of Restilts Under Basal and Nonhasal Conditions . — When the 
mean differences from iieparin for the values of the various oxalate solutions 
udth the subjects under basal conditions were compared with the mean dif- 
ferences with the subjects under nonbasal conditions (Table VI), there ap- 
peared to be a trend suggestive of an increase in the tonicity of the blood 
under nonbasal conditions. The apparent consistency of the results in this 
series suggested the desirability of undertaking a further study in which 
direct comparisons would be made on the same individual under basal and 
nonbasal conditions. 

The anticoagulants used in this additional series were heparin, 1.6 pei 
cent and 1.8 per cent potassium oxalate, and 1.2 per cent sodium oxalate, 
2 >repared from the undried salts. The observed mean diffievenees from heparin 
in the hematocrit values under basal and nonbasal conditions, based on 33 to 


35 subjects, are presented in Table VII. 

It is evident from these data that the observed differences are of essen- 
tially the same magnitude, indicating that the topicity of the blood ivas un- 
altered. . i. • 

The differences in hematocrit values with two concentrations of potassium 

oxalate solution from those with heparin, as observed at Iowa State College, 
are given in Table VUI. The determinations were made on a group oi 5b 
women students, ranging in age from 18 to 24 years, all of whom were under 
nonbasal conditions. The samples were centrifuged until maximum packing 
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was secured (forty or more minutes) in an instrument witli a head 12.5 cm. 
in radius, which yielded 24G4 to 2488 r.p.m. with tlic load used. The instru- 
ment Avns checked repeated!}' with a revolution counter. 

Taulk YIU 


Differekces IN' IlEMATorniT Vai.uks OnTAiN'ED With Oxai..\ti: Sor.uTiON*s From Values 
With Heparin- (Iowa State CoLi.rnn) 



1 POTASSIUM 0.\-AL.\TE (1.4%) 

1 S'OTASSIUM OXALATE 


NUMBER OF OB- 
SERVATIONS 

ME.\X RIF- ' 
FERENCE IN 
PER TE.NT 1 


rKOBABILITY 

MEAN RIF- 

fei:fn< e in 
rn: cr.sr | 

t 

PROBABILITY 

5S 1 

+(].5a 1 

10.04 1 

1 < *>-('1 1 

+‘J.07 1 

\ 4.G0 1 

< 0.01 


It is evident from the data ])rescnlcd that the values for the 1.4 and l.G 
per eent potassium oxalate solutions differed sif^nificantly from those secured 
with heparin. The observed mean difTerence in hematocrit values between 
those with heparin and those with the 1.4 per cent potassium oxalate was 
+G.53 per cent; and similarly, for the l.G per cent potassium oxalate, +2.07 
per eent. 

Comparison of Results From Two Age Groups . — In Table IX, a comparison 
is made of the results with two age groups, 17 to 25 years, and 26 to 50 years. 
It may be noted that with the l.G per cent potassium oxalate the mean difference 
from heparin for the younger age group was +5.49 ])er cent, and for the older 
age group, +5.47 per cent. Similarly, with the 1 8 per cent potassium oxalate, 


Tarle IX 

Differexces IX Hr.MATorniT Values Ortaixed With 0 .\'a?.ate f^oi.rTinxs Fro,m Values 
With Heparin for Two .\or Groups* 


AGE ' 
OF 

SUB- 1 
JECTS 

17-25 
2G-50 1 

POTASSIUM OXAr,.\TE I 

1 POTASSIUM O.XALATC 

1 (1.8%)t 

SURIUM O.XAL.ME 

(1.2%)t 

KO. 

OF 

SUB- 

JECTS 

MEAN 
RIFFEn- 
nXCR IN- 
TER 
CENT 

t 

j 

rUOBA- 

BILITY 

NO. 

OF 

SUB- 

J ncTS 

ME.VN 
DIFfCR- 
CNCE IN 

PEP. 

CENT 

t 

PROBA 

BILITY 

NO. 

OF 

SUB- 

JECTS 

MEAN 
DIFFER- 
ENCE IN 
PEPv 
CENT 

f 

1 

i PROBA- 
BILITY 

35 

+5.49 

+5.47 

9.80 
8.10 ' 

<0.01 

<0.01 

30 

30 

-0.00 

-0.75 

1.37 

1.00 

>0.17 

>0.10 

30 

30 

+2.02 

+2.86 

4.14 

6.89 

<0.01 

<0.01 


•Subjects not In basal conditions 
tSalts not diled. 


uhic'h was very slightly hypertonic, the mean difference for the younger age 
group was -0.60 per cent, and for the older age group, -0.75 per cent. From 
these data it is evident that there was no ditference in the tonicity of the blood 
of these two age groups. 

DISCUSSION 

Although the importance of the concentration of the anticoagulant em- 
ployed has been emphasised by a number of workei-s, comparatively few re- 
ports ill the literature have evaluated anticoagulant solutions in terms of their 
tonicity with human blood. Furthermore, there appears to be considerable 
difference of opinion as to the concentration of solution of the various salts 
which are isotonic with human blood. Graff and Clarke" reported the iso- 
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toilieity of a solution of potassiiun oxalate between a concentration of 0.9 
and 1.1 per cent. Hadeii, in his earlier wovk,« used 1.6 per cent sodium ox- 
alate, but later” stated that 1.4 per cent sodium oxalate was isotonic witl] 
human blood and comparable, in its effect on cell size, to heparin and hirudin. 
Magatli and Hum” reported a much lower concentration of this salt (1.1 per 
cent) produced the same values as heparin. Norgaard and Gram” found that 
a 3.0 per cent sodium citrate .solution did not alter cell volume, whereas 
Poster and Johnson' observed a 4.9 per cent shrinkage with a 1.3 per cent 
solution of the same salt. Such discrepancic.s are diffienit to explain, except 
as being dne to failure to control adequately all the conditions of the experi- 
ment. 


In the present study commonly used concentrations of oxalate solutions 
were evaluated in terms of heparin. In addition, those factors which might 
explain the divei'gent results reported in tlie literature were investigated. 
The effect of drying the salt prior to preparation of the solution, the effect of 
the condition of the .subject, that is, whether basal or nonbasal, and the ef- 
fect of the age of the subject, were studied. Furthermore, the use of heparin 
as the control anticoagulant was affirmed from the standpoint of the absence 
of alteration in cell size and of the consistency in the results obtained. 


The data secured in this laboratory show that oven-drjdng the salt be- 
fore solutions are prepared is essential if the bottle has been previously 
opened, whereas the data from the Iowa State College laboratory demon- 
strate that if the solution is prepared from a previously unopened bottle of the 
salt, preliminary drying may be unnecessary. 

It is obA'ious that any diffei'ences observed between the solutions which 
were prepared from the dried and unclried salts cannot represent a constant 
relationship, since a tnmiber of factors may influence the amount of at- 
mospheric moisture absorbed by the salt. The magnitude of these difference.s 
is such as to emphasize the importance of consistent oven-drying of the .salts 
before preparation of solutions. 

Of the solutions prepai'ed from the dried salts, the 1.6 per cent potas.sium 
oxalate gave values which varied the least from the results secured witli 
heparin. The 1.4 per cent potassium oxalate (Iowa State College data) and 
the 1.2 per cent sodium oxalate wei’e sufficiently hypotonic to give results 
which differed significantly from the heparin values. The 1.8 per cent potas- 
sium oxalate, on the other hand, was hypertonic as compared with human 


blood, the difference again being significant. 

Thei'e have appeared in the literature from time to time studies on the 
effect of exercise upon the composition of the blood. Changes repoiffed, which 
mi'^ht alter the osmotic pressure of the blood, include increases in lactic acid, 
senmi protein, serum sugar, red blood cells, and hemoglobin.’- In the 
present study the differences from heparin for the oxalate solutions were ot 
like mao-nitude for the same subjects under basal and nonbasal conditions, 
indicating that changes which oecirr do not necessitate an alteration m the 
concentration of the anticoagulant employed. 
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SUJIMAUY 

1. A study was undertaken for the purpose of evaluating several con- 
centrations of oxalate solutions in terms of their tonicity with the plasma of 
human blood. 

2. The subjects for this investigation consisted of a large group of col- 
lege age women (17 to 25 years), with a smaller group of older women (26 to 
50 years). 

3. The use of heparin as the conti'ol anticoagulant was affirmed by a study 
in which the results from heparin were compared with those obtained when 
no anticoagulant was used. The accuracj’ of the results with heparin was 
demonstrated by the calculation of the variation between duplicate de- 
terminations. 

4. Analysis of variance demonstrated a highly significant difference 
among the means of tlic packed coll volume values scoured with the several 
oxalate solutions, and among the moans of the individuals’ packed cell vol- 
ume values. 

5. Preliminary oven-drying of the salt was shown to be essential in the 
preparation of the oxalate solution. 

6. Of the various concentrations tested, 1.6 per cent potassium oxalate, 
prepared from the dried salt, was found to be most nearly isotonic with 
human blood. The 1.4 per cent potassium oxalate and the 1.2 per cent sodium 
oxalate were found to he significantly hypotonic, whereas the 1.8 per cent 
potassium oxalate was significantly hypertonic. 

7. No differences were observed in the tonicity of the blood of subjects 
under basal conditions as compared with those same subjects under iionbasal 
conditions. 

8. ^Vitllin the limits of the ages studic<I, no differences in the tonicity of 
the blood were observed. 
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FREQUENCY OF SYPHILIS IN OFFICE PRACTICE 


IIknrv G. IIadlky, SI.D., Wasiiikoton, D. C. 


'^IIE blood Rcruni o£ 7000 consecutive oftice patients receiving physical 
J" examinations was tested by one or more methods for syphilis. Of the 7000 
patients 404G, or 57.8 per cent, were female and 2934, or 42.2 per cent, were 
male. The average age was 41.91 years. Of this number positive serum re- 
actions were obtained in 1G5, or 2.35 per cent. Of these 7G, or 4G.1 per cent, 
were females and 89, or 53.9 per cent, Avcrc males. The average age of this 
group was 34.33 years. The percentage of positives in the total group of 
the females was 1.8 per cent and of the males, 3.01 per cent. 

Of the 7000 patients the Wassermann test alone was run on 4257 sera 
from 4244 patients, of which 76 were positive from C3 patients. The Kahn 
test alone was run on 94G sera from 870 additional patients, of whicli 76 were 
positive on G3 patients. The sera found positive by either test were run by 
the other method also. Two thousand one hundred and thirteen sera from 
188G patients were run with the Lauglilen antigen in a comparative series 
with other tests, one to four other methods being run on the same serum 
sample. These results are as follows : 

Laughlcn 2113, No. positive 320 

4^ — 177, 3 ^ — 02, 2h — G o, U — 20; Doubtful 1 
Kline llOS, No. positive 2G9 

4^ — 149^ 3^ — 51 , 2h — 16, — 23; Doubtful 1 

Knlm 370, No. positive 9o 

4h — GO, 3h — 10, 2h — 9, IH — I 
Wns'crmann 12GS, No. poj-iti\c 354 
4 h — 108, 34—10, 2+— 19. 1+— 17 
Hinton 133, No. positive 32 

44 — 17, 34 — 0, 24 — fi, 14 — 9; Doubtful 1 
Eagle 80, No. positive 24 

44 — 15, 34 — 1, 2+— 7, l4— 1 
Rytz 60, No. positive 14 

4^ — 11, 3^ — 2. 24 — 1, 14 — 0 
Spinal fluul 17, No. positive 5 

There is no relationship between the number of positives in the different 
methods employed, as the positive sera wore repeated more often than the 
iiegative in the comparative tests. 

There were 37 disagreements in this series, 25 of ^vhich were of no im- 
portance, being a minor difference in the reading of wealcly positive bloods 
in treated cases. The 12 other disagreements are as follows : 

1. Laughlen and Kline 24-, Eagle 44- 

2. Laughlen 34-, Kline and Wassermann 24-, Hinton — Doubtful 
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3. Lauglilen 3+, Kline and Kalin Negative, Wasserinann 2 + 

4. Laughlen and Eagle 2+, Kline and Wasserniann 4+ 

5. Laughlen 4 +, Kline 2 +, Kahn— Negative 

6. Laughlen 4+, Kline and Kahn 2+ 

7. Laughlen and Kline 3+, Kahn 2 +, Wasserniann — Negative 

8. Laughlen and Kline 3+, Kahn 1+ 

9. Laughlen — Negative, Kahn — Doubtful, Wasserniann (twice) 4+ 

10. Laughlen, Hinton, and Eagle 4+, Wasserniann — Doubtful 

11. Laughlen and Kahn 2+, Wasserniann 4+ 

12. Laughlen and Kahn 1+, Wasserniann 4+ 

Seventeen spinal fluids were run, of which 5 were positive. The Kahn and 
Kline each showed one more positive than the Laughlen, this being accounted 
for by the difference in method, the Kahn concentrating the spinal fluid and 
the Kline the antigen. Therefore, the Laughlen may not show a weakly 
positive spinal fluid. 

In this series were 106 cases of pregnancy, 3 of which showed 4f positive 
serum reactions. 

Three hundred tests were performed on whole blood ivith the Laughlen 
antigen and two mistakes were found on rechecking with the use of serum, 
one false positive and one false negative. This method, therefore, was dis- 
continued. 

Two hundred tests were carried out on uuheated sera with both the 
Laughlen and the Kline antigens, and one missed 4+ was foimd on recheck- 
ing. This method was considered entirely unreliable. 

The method found to be satisfactory with the Laughlen antigen was the 
same as that used with the Kline antigen: heated serum on ringed glass 
slides. 

It Avas found best to use two or more methods for each serum, and the 
use of either the Kline and the Laughlen or the Hinton and the Laughlen 
tests Avas A^eiy satisfactory. The Kline and Laughlen methods AA^ere used 
more often because of the convenience of having tAvo tests using almost 
identical methods and because the result may be read immediately. 

CONCLUSION 

In an unselected series of Avhite patients presenting themselves for 
ieal examinations in an ofSee practice dcA'oted to internal medicine, 
routine tests shoAved 165 positiAm for sypliilis, or 2.35 per cent. The Laug i en 
antigen used in 2108 tests on 1883 patients gave equally as good results as any 
of the other methods employed. 



DENTAL COOPERATION IN DIABETES JIELLITUS*^ 


S.vMUKii BiiAUSTiciN, D.D.S., F.A.D.SAL, and Edgar Ferguson 
Brooklyn, N. V. 

A GROUP of 125 patients witli tliabctes mellitus were treated in the dental 
department and 252 teeth were extracted. This included single and 
multiple extractions as well ns cyst removals. A study was made from both 
a diabetic standpoint as well as a dental one. The diabetic study included 
diet, insulin dosage, and blood sugar studies (182 in number) before and after 
the extraction.s. The denial study included dental treatment, observation of 
the rate of healing of these patients as compared with nondiabetic persons, 
and observations of postoperative sequelae when ])resent. 

"When ol)scrved from a diabetic standpoint, these patients may be classi- 
fied on the long-tiiUc basis of insulin dosage. It was found that there wore 
02 mild (from 0 to 20 units of insulin) ea.scs treated. 16 medium (from 20 
to 40 units), and 13 severe (from 40 to 05 units). Other than usual post- 
operative bleeding occurred in one patient in the severe range (7.7 per cent), 
in one patient in the medium range (0.2 per cent), and in 3 patients in the 
mild range (5 per cent). Infected granulation tissue occurred in one of the 
mild eases (l.G per cent). 

Another classification from the diabetic standpoint may be made from 
the blood sugar level at the moment of extraction. This was taken in 91 
cases. There were 36 cases in the 100 to 150 mg. range, 35 eases in the 150 
to 250 mg. range, and 20 eases between 250 and 350 mg range. Four cases of 
bleeding occurred in the low I)lood sugar range (11 per cent), none occurred 
in the medium range, and only one occurred in the high range (5 per cent). 
The ease of infected granulation tissue fell into the medium range. 

It was found that dental surgical intervention did not cause any sig- 
nificant change in the blood sugar wlien taken immediately following the op- 
eration, The average rise or fall did not exceed 25 per cent of the original 
blood milligram figure, and tliis is within the individual error of the micro- 
hloocl-sugar method. No extreme blood sugar rise was observed, and no pa- 
tient experienced insulin shock while under treatment. 

Significant from the diabetic viewpoint was the fact that the time of 
operation was between 10:00 and 11:30 a.m„ which is one and one-half hours 
following insulin and breakfast. At this point, the level of the blood sugar is 
higher than at other times of the day but descending. This at once precludes 
Ihe possibility of insulin shock and untoward rise. 

Directof^°”' the Metabolic Clinic, Kings County Hospital. Broolilyn. Henrv M. Feinblatt, M.D., 
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The coiicliisioiis on the diabetic observations are: 1. The percentage of 
bleeding bore no relation to the severity of the diabetes when calculated on 
the basis of insulin dosage, or to the blood sugar level at the time of opera- 
tion. 2. The dental interference did not cause any significant change in the 
level of blood sugar when the operation ivas concluded within two hours after 
breakfast and insulin. 

When observed from a dental standpoint, the first consideration is the 
rate of healing as compared to the normal. There were only 4 cases of bleed- 
ing in a total of 125 cases observed (3.2 per cent), which is not greater than 
normal. Swelling occurred in 3 cases and infected granulation in one case. 

Further dental considerations include the choice of anesthetic. No un- 
toward effects due to anesthesia were observed, except nausea in 2 eases and 
vomiting in one case. These untoward effects occurred with nitrous oxide- 
oxygen and bore no relation to insulin dose or blood sugar level (2 in the 
medium and 1 in the high range). No such effects occurred in any range with 
the three types of local anesthesia used (2 per cent procaine with no epineph- 
rine, 2 per cent procaine with 1 ;25 M epinephrine, and monoeaine with 1 :75 M 
epinephrine). In a person with diabetes, vomiting and nausea is of sig- 
nificance since his successful diabetic treatment depends on a close balance 
between carboliydrate absorption and insulin action. If a disturbance of 
this balance can be avoided, the regular diabetic routine will not be disturbed. 

The conclusions from the dental point of view are; 1. The percentage 
of postoperative sequelae was not higher than normal. 2. General anesthesia 
is contraindicated due to the fact that it is prone to cause vomiting which in- 
terferes sei’iously with the diabetic nutrition. 3. Of the three types of local 
anesthesia used no significant difference in effect was observed in the diabetic 
patient. 



CHRONIC COR PULMONALE OF UNUSUAL ETIOLOGY^ 


Lauucn V. Ackkrman', JLl)., Rutland, ;Mass. 


T he case of chronic cor j)ulmoiialc iicrc reported shows i>riinary cliaiigcs in 
the pulmonary artery and its snmUcr radicles with secondary pulmonary 
fibrosis and rij>:ht licart failure. Tlie changes in these arteries as well as others 
showed both acute and chronic inilamination. 

CASE UEPOKT 

C'ti'ni'cflt History, — TIil* pntiLMit was u -tu-^car-old housewite vsUo was adtmtted to the 
Butland State Sanutorhiia on Dee. .'I, Jl>o7. Her ^lust history was irrelevant, except for an 
unknown illnei-s at tlio ago of 11. Slie hud been diagnosed at that time as having pulraouarj 
tuberculosis. She had had no symptoms and nothing which would suggest such a diagnosis 
niter that illness. Her present illness liogan at fcome ludcJinitc time during the past eight 
or ten years. Slie had a chronic cough ot scieial jears* duration productive of small quan- 
tities of sputum which was never foul, bhc began to have intermittent attacks of dyspnea as- 
sociated with }ionie cyanosis. During au attack which was cliaiaetenzcd by sliglit inter- 
oiittent fever and quuo marked dyspnea, the cyanosis would become more pionounced. 

At the time ot her entry lierc u physical c.\animntioii showed a fairly well developed, 
well nourished, wliiic adult female. Sjhe was e.xtrcmcly cyanotic, 'ihcre was no clubbing of 
the nails, skin nodules, or rash noted. The principal signs were in her lungs, with dullness 
at the right base and occasional rales. The heart was not enlarged, and the sounds were dis- 
tinct. P, was greater tliau A,. There were no niunimrs. The blood pressure was 130/70. 
She also had a quite marked scoliosis of the dorsal spine. The spleen and liver w’ere not 
palpable. The clinical laboratory findings were all negative. Her sputa were negative. 
There were no tubercle bacilli or fungi found. A Hinton tost was negative. The urine 
show'cd a slight trace of albumin, and the blood w'as normal e.xccpt for leucocytosis w’ith a 
differential count characteristic of an acute infection. TJicrc was no eosinophilia or poly- 
cythemia. Agglutination tests for undulant fever, paratyphoid A and B, and typhoid were 
negative. Three blood cultures were also negative. An electrocardiogram taken two months 
before admission showed slight right axis deviation. An x-ray taken Jan. 6, 1938, showed 
some mottling at the right apex, with obliteration of the right costophrenic angle. The left 
was clear, except for accentuated markings. 

The clinical course was characterized by progressive dy’spnea and cyanosis. She con- 
tinued to run only a low’-grade fever and at times had intermittent pains in her chest. Her 
cyanosis began to deepen and oxygen therapy' was instituted. This seemed to give no relief. 
She also began to have auricular fibrillation which cleared soon after digitalization. An- 
other x-ray of her chest on Feb. 5, 1938, showed an infiltrative process radiating out from 
the left hilum which was not present in the previous film. Mottling at the right apex and 
at the Tight base which had been present was about the same. Xn spite of supportive measure^ 
she died of acute respiratory insufficiency' with signs of right heart failure. 

Autopsy . — The anatomic diagnoses were acute and chronic arteritis of lungs, kidneys, 
ileum, gall bladder, spleen, periadrenal adipo.«e tissue, vasa vasorum of pulmonary artery, 
pulmonary fibro.sis, congestion of left upper lobe, bronchiectasi.s of right lower lobe, chronic 
fibrous and acute fibrinous pleuritis, bronchopneumonia, perisplenitis, and leiomyomas of 
uterus. 

Pathological Laboratory of the Rutland State Sanatorium. Massachusetts De- 
partment of Public Health 
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The body was fairly well developed. There was evidence of weight loss and scoliosis ot 
dorsal spine was present. The heart weighed JoO gm., and the right ventricular wall 
measured 0.0 cm. and showed deUnite hypertrophy, ihe pulmonary artery was wrinkled 
and looked not unlike the tree bark wrinkling seen in syphilis, 'ihe aorta and other arteries 
e.xamined appeared grossly normal. 'Ihe abdominal organs showed cloudy swelling. 'Ihe 
lungs were of the greatest interest, 'ihe right side of the lung cut with a great 'deal ol 
difficulty, and streaKs of gray librous tissue were present. In the lower lobe of the right 
lung there nas a small patch of bronchiectasis. The pleural cavity on the light was obliter- 
ated. On the left there was an apparent recent pneumonitis in the lower lobe of the left lung, 
while the upper lobe showed fibrosis and some congestion. The cause of this marked pul- 
monary fibrosis was not apparent at the gross examination. The pleura of the left side of 
the lung showed an acute reaction. 

Micioscopic Examination ^ — Microscopically the heart muscles showed a few' collections 
of cells around blood vessels j lioivever, these ivere definitely not Aschoff's bodies. The pul- 
monary artery showed interruption of the elastica and periarterial collection of cells about 
the small arteries of the vasa vasorum. These arteries showed marked narrowing. The 
lung showed extensive fibrosis throughout. Marked changes in the small arteries were present. 
There were recent areas of necrosis in the media of a few small vessels, and around these 
vessels there were collections of polj’morplionuclear cells with a few round cells. There were 
no eosinophiles seen. There was evidence of an older process and obliteration of some of 
these small arteries with recanalization of others. Some of them were completely 
obliterated. In the w'all of the gall bladder there was also necrosis of the media of 
a small artery in the tj'pical horse-collar arrangement that one sees in periarteritis 
nodosa. Around this small artery there was a collection of cells tj'pical of an acute 
exudate. There were similar changes in the arteries about the adrenal and ileum. In the 
kidney the picture was not unlike that seen in focal embolic glomerular nephritis. Small 
thrombi were present in glomerular tufts. Wire loop lesions, such as Baehrr described in 
disseminated lupus, were not present. The pathology was patchy, no large vessels were in- 
volved, and no infarctions were present. 


DISCU.SSION 

Clinically the diagnosis suggested chronic cor pulmonale with an ob- 
scure etiology. Tuberculosis was thought of at first because of the mottling 
at the right apex. Malignancy primary in tlie lung was also considered. 
Undulant fever, typhoid, subacute bacterial endocarditis, and other more 
obscure disorders were considered and discarded. A consultant in chest 
diseases called it tuberculosis. At the time of deatli there was no definite 
diagnosis. 

Chronic cor pulmonale is a condition which has been described in detail 
in the literature. It is of manifold etiology with common causes, such as 
mitral stenosis, extensive pulmonary fibrosis, and emphysema secondary to 
asthma, chronic bronchitis, pneumoconiosis, or some other pulmonary disease. 
Eare causes, such as congenital cardiac defects, organic tricmspid stenosis, 
sickle-cell anemia, primary arterioselerosi.s, or .syphilis of the pulmonary 
artery and its branches have been described.--' 

In this particular case the pulmonary fibrosis was secondary to an acute 

and chronic inflammatory process beginning in the arterial system. Acute 

■teritis was present with acute inflammatory changes about the vessels an 
beiiLio 1 chronic 


ar 


:eriLis was uicsciii. — - - _ . . 

in the alveoli. As these acute changes subsided on previous occasions, cliio 

chan<-es in the vessels as well as the pulmonary parenchyma occurred, nan-ow- 
ta'oftl'e Inmina of s,oall artorioa and arteriolca took place path, at „n,ca. 
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Flff. S.*>*GIonicru]us showing thrombus. Photomicrograph X200. 


obliteration and reeanalization. These changes spread to the pleura and the 
pericardium. It is obvious that repeated attacks took i)lace, causing more and 
more replacement of tlie lung with fibrosis. Her last attack proved too much 
for her eardio-respiratory system, and she died of failure of the right side 
of the heart. Changes in small arteries in other organs caiised no impairment 
of function and apparently no symptoms. 

Certain conditions could be definitely ruled out as a cause for this ar- 
teritis. It was not rheumatic in origin, for there was no definite history, 
obliteration of the lumen of the vessels docs not take place in rheumatic 
involvement of arteries, and there were no Aschoff’s bodies in the myocardium 
and no valvular lesions were present. It was certainly not syphilitic in 
origin, for there was no history of syphilis j the Hinton test was negative, the 
aorta was normal, and the other organs showed no evidence of syphilis. 

This patient was also discussed from the viewpoint of disseminated lupus 
erythematosus. The clinical picture in a female with its chronicity, asso^ciated. 
^vith inflammation of synovial membranes, pleura and pericardiiumrto^f^tEer.^ 
with the widespread vessel involvement, suggested it. Howevep^'s ^aehr 
and Klemperer® pointed out, the changes in the kidneys were typihal^ 
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there was no tlirombopenia, skin rash, nor endocarditis. It is of interest that 
in Mallory's® experience many fatal cases do not show the Avire loop lesion 
of the kidney. 

Periarteritis nodosa was strongly considered. Vessels of miiltiple or- 
gans Avere inAmlved. There AA%as no eosiiiophilia either in the circulating blood 
or aboAit the A’^ascnlar lesions. Infarctions and skin nodnles Avere not present, 
but none of these conditions are essential. It is rather rare in the lungs. 
Herman^® reported a single patient AAdth rapidly progressiA’’e dyspnea, Avho on 
autopsy shoAAmd necrotizing arteritis and multiiile areas of infarctions in the 
lung. Ophuls, in his reAdcAv, mentioned one patient Avho shoAved lung in- 
AmlA’^ement. King'*" cited a lAatient in AA'hom the x-ray and gross jAathologie 
picture aijpeared like miliary tuberculosis, but AA'ho on microscopic examina- 
tion shoAA^ed miliary necrotizing arteritis. Gross and Priedberg,^® in their 
discussion of periarteritis nodosa associated Avith rheinnatic heart disease, 
discussed tAAm patients aa'Iio had inAmlAmment of arteries of the lungs. 

Kai'sner*'* has Avell rcAucAA^ed the situation existing today in relation to 
the etiology of necrotizing arteritis. The bacterial and parasitic agents IcnoAAm 
to cause necrotizing arteritis are many. Other agents, such as trypan blue,'® 
allylamine,'® injections of specific serum," and allergic conditions’® also caiASO 
this pathologic alteration in A'essels. Periarteritis nodosa, a clinical entity 
Avhich is not Avell defined because of its unknoAvn etiologic agent, has certain 
criteria Avhieh some pathologists'* belicA'e noteAA'orthy. These include the eo- 
sinophilia in the circulating blood or about the local A’-ascAilar lesions and the 
presence of nodules formed because of the Areakened A\aseular AA'all. The 
involvement of a large artery, the pulmonary in our case, the absence of 
eosinophilia either about the lesion or in the circulatory blood, the absence 
of nodules and infarctions, seem to rule out such a diagnosis if Ave accept 
the original description of the disease and adhere to criteria set up by 
Rokitansky,'® Karsnei','* and other pathologists for siAch a diagnosis. 

We are left then Avith a necrotizing arteiltis of unknown etiologj'. The 
small patch of bronchiectasis in this case Avas probablj’’ secondaiy to the 
fibrosis. There is no basis for s.A'philis, rheumatic feA’er, allergic conditions, 
or parasitic infection. The case appax'ently does not fit the poorly defined 
syndromes of either periarteritis nodosa or disseminated hrpus erythematosus. 
It may be drre to unidentified bacteria or their products, but Ave haAc no 
proof of it. While the clinical and pathologic findings arc of extreme in- 
terest, Aim must not be misled by these structural alterations. It ivould be 
much more unportant to knoAV the mechanism Avhich set these processes in 
motion. 

COXCLUSIOX-S 

1. A case of Avidespread, acute, and chronic arteritis of rmknown etiology 
is reported. 

2. The most marked changes occurred in the pulmonary arterial circu- 
lation with secondary pulmonary fibrosis. These changes resulted in chronic 
cor pulmonale. 
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AN EXPERIMENTAL STUDY OP THE RECTAL ADJIINISTRATION 
OP MERCURIAL DIURETICS'^ 


I. J. Brightjux, M.D., AXD Robert A. Lehman*, Ph.D., New York, N. Y. 


\Y7ITHIN the last few 3 'ears the administration of mercurial diuretics in the 
'' '' form of cocoa butter suppositories has become rather widespread, and 
man 3 ’' clinical reports have appeared eoneeniing their effectiveness and local 
toxicity. From a recent review of the literature* it seems evident that both of 
the diuretics which are available in this country as suppositories (mercurin 
and saljTgan) are reasonablj'- effective. However, it has been observed that 
both will oceasionallj’- give j-ise to burning and rectal tenesmus, and proctoscopic 
evidence of congestion of the rectal mucosa has been reported by Crawford^ and 
b.v DeCraff, Cowett, and Batterman.^ Furthermore, tliese autiiors noted several 
instances of ulceration after the use of saij'rgan but none after the use of mer- 
curin. Although the factors which control rectal irritation are not fully Imoivn, 
it seemed possible that by vai'.ving slightl.v the composition of the salyrgan or 
mercurin suppositoiy, a preparation might be obtained which would be well 
tolerated and still retain the character of effective diiiretic with low general 
toxicity peculiar to organic mercury compounds of this tj’-pe. It was, therefore, 
decided to attempt to develop an experimental procedure for the comparison 
of suppositories of different eJiemical composition, both as to absorption from 
the rectum and as to local toxieitj*, and to appH it to the study of modified forms 
of salj-Tgan and mercurin. 

Suppositoiy masses of various compositions were furnished by the manu- 
facturersf in a concentration in cocoa butter convenient for experimental use. 
The sal.yrgan suppositoiy has been modified in three ways, iy addition (1) of 
theophylline; (2) of the acid of which saljwgan is the sodium salt; and (3) 
of both. The introduction of tlieophjlline was suggested ly pharmacologic 
work which demonstrated that the local toxicity is decreased’’ and the late^ of 
absorption increased® iy its presence. On the other hand, since meicui in consists 
of a mixture of acid and sodium salt and appears to be superior vith regai^ 
to local toxicity, it seemed logical to determine the effect of adding salyrganie 
acid to saljTgan. The composition of the various suppositories used is given 
in Table I. 


♦From the Department of Therapeutics. New York 
Received for publication, Februarj' 25, 1939. 
tSalvrgan, JCNR. Is manufactured and distributed 
curin NNB. is manufactured bj- Cliinoin Chemical and 
tributed by Campbell Products, Inc. 


University Coiicge of Medicine. 


ht- AVintbrop Chemical Co.. Tnc. ; mcr- 
pliarm.'iceutical Works, Ltd., and rtls- 
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Table I 

CoM^05?ITlo^' OF RrpPosiTORins 


CODE NO. OF 
EXrnilMENT- 
At SUP- 
roSITOBIES 

iiG. or 
MF.ncunY 
PER 500 
MO. POSE 
(BY 

\N.VLYSIS) 

HELATIVn MOLE EQUIVALENTS 

salykgan 

OR 

MERCURIN 

SOPIDM 

SATA'RQANIC 

on 

MERCURINIC 

ACID 

SAI YRGAN 

SODIUM 

TIIEOPIIYLLTNE 

SATiYRGANIC 

ACID 

theophylline 

FREE 

THEO- 

PHYLLINE 

COONft 

/ 

R* 

\ 

Hgon 

CO 

/\ 

R o.n.o 
\ / 

He 

COONa 

< 

ngCTii,o,N, 

COOH 

/ 

R 

\ 

HgC,H,0,N, 


Sa!} rgan 

17.G 

1.0 





G18-3 

20.0 



1.0 



C.19 

18.2 



1.0 


0.3 

STSS-ff 

20.0 



1.0 


0.3 

S3S1, G18-2 

10.2 

0.5 

0.5 




ST3S2 

20,0 

0.5 


0,2 

0.5 


ST3815 

20.0 



0.5 

0.5 


ST3820 

20,0 




1.0 


Mercurin 

17.9 

o.s 

0.2 




irercurinic 

20,0 


1.0 




acia 





^ 

: — rr: 


'For the strucuiro an<l cliOtjiJsDT of salyipm awl luoKunn. p* r OoUlns.* Mot’Uer.* DcGraff.® 
and Leliwan.* 


tM’ith sodliitn carbonati* to n iill of S.C. 

PROCEDUnn FOR Tim COMPARISON OF TOXICITY 01' SUPPOSITORIES 
Cats wcigliiuj; Ijctwcou 2 and 4 kg. were used as experimental animals. 
In order to .standardizo conditions and eliminate as nuicli as possible the variablo 
factor of the amount and consistency of the feces, tlie Ijowel was evacuated by 
oral administration of 35 c.e. of a 15 pci- cent solution of magnesium sulfate on 
two successive days. Tins assures soft and fairly uniform fecal material Avlucli 
would not he expected to interfere with the action of the suppository. The ex- 
periments were never started until forty-eight liours after the last dose of 
cathartic to allow any possible irritability of the bowel to subside. During this 
interval the animals were starved. The results of control experiments arc given 
in tlic section on pathology and in Tabic 111. 

On the day of the experiment the cats were strapped to animal boards 
and anestlietizcd with 1.5 to 2.0 c.c. (0.10 to 0.13 gm.) of pentobarbital sodium 
mti'apcritoneally according to size. TJie suppositories were made up as small 
cylinders (about G mm. in diameter) so that 250 mg. of suppository contained 
10 lug. of mercury regardless of the preparation. Tlic doses usually given were 
equivalent to 10 or 20 mg. of mercury, but the concentration was always the 
same. This eon-ospouds approximately to the dosage used clinically. As soon as 
Ihe animals were deeply anesthetized, the suppositories were inserted by means 
of a glass cannula (outside diameter 1 cm.) and closely fitting plunger, pointed 
nt one end and blunt at the other. The cannula and plunger with pointed end 
forward were introduced together ; the shape of the end tended to overcome any 
spasm of the anal sphincters. The plunger was witlidranm, the suppository in- 
■‘toiled into the cannula and pushed into place with the blunt end of the plunger. 
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The cannula and plunger were then carefully removed. By this procedure it 
was possible to place the suppositories consistently at about 6 cm. above the anal 
margin. Ketention was 100 per cent. 

The animals were killed by chloroform inhalation tiventy-four hours after 
the insertion of the suppositories. The pelvic bone was then resected and the 
large intestine removed. The specimens were opened longitudinally and the 
feces removed under running water. Those which showed gross pathologic 
changes were fastened to glass frames, immersed in isotonic salt solution, and 
photographed on panchromatic plates. The.y were then fixed in Pick’s solution 
and preserved as museum sjiecimcns. After fixing, histologic sections were made 
of any areas which seemed of interest. 


PATHOLOGY 


It was noted from the beginning that anj’’ of the preparations studied was 
capable of producing in the lower iiortions of the colon of the eat any of the 
pathologic changes to be described. However, as each series of experiments 
was enlarged, definite differences were found in the frequency with which 
lesions were produced and in the extent of involvement of the gut. 


Controls . — Tlie colons of 71 cats were examined as control studies for the 
experimental work. Of these, 55 had received no treatment related to the gastro- 
intestinal tract, but had been sacrificed by digitalis assays. Fifty-four were 
entirely normal, while one exhibited a superficial yellowish exudate covering 
the distal 6 cm. of the liowel. This exudate rvas unavoidably detached during 
the preparation of the histologic section, and the microscopic examination re- 
vealed a normal gut wall. Five additional control cats received magnesium 


sulfate orally alone and 11 received the cathartic and also a 500 mg. non- 
medicated cocoa butter suppository. Of these 16 one showed a thin exudate 
similar to that just described. Only 2 of 71 control cats revealed nny unusual 
features in the large intestine and these were of minor degree. It was thus 
, demonstrated that the procedure involved in preliminary magnesium sulfate 
catharsis and the introduction of the suppository liy means of the glass cannula 


did not produce lesions in the bowel wall. Slight degrees of congestion were 
seen in both control and experimental animals but these were not regarded as 


significant. 

Gross Examination . — The lesions observed in the experimental animals 
treated with mercurial suppositories were found exclusively in the lowei 12 cm. 
of the large bowel and could broadly be divided into two main tjqies, exudatue 
and necrotic. The exudative lesions varied in type from a yellow-white granu ai, 
fibrinous, superficial covering to a thick yellow or green mucoid coat whiei vas 
more or less firmly attached to the gut Avail (as in Fig. 1 A). In a fcAA ” 
distinct pseudomembrane Avas formed. The exudate covered betAveen 2 an 
cm. of the distal length of the gut. The necrotic lesions appeared as bioAAinsi 
or purplish, Avell-demarcated, irregular, slightly depressed areas, vai}ing lom 
2 to 12 mm. in diameter (Fig. 2 A). In addition to the e.xudative and necrotic 
lesions, occasional superficial hemorrhages AA'cre noted, varying from scattere 
punctate lesions to larger, poorly defined areas up to 10 cm. in diameter. 



Fig. 1 A.— -Gross srccinion of lower half of colon of cat ^^l^ich hail received suppository 
containing mercurial diuretic (Cat No. 150: dose of ?aljrgan cfjiilvnloni to 10 mg. mercurj-). 
The exudate Is extensive, yellow white, ami mucoid in consistency, and is firmly aUached to tJje 
gut wall. Small necrotic areas are also present but arc hidden by the exudate. The patnologj’ 
exhibited by this specimen was recorded ns, exudate, 3 plus; neciosls, 3 plus. 



fiction through the specimen shown in Fig. 1 A. The muwsa is 
offto forrrfpart of the overlying exudate 
and large mononuclear cells. There is considerable cellular in- 
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Fig. 2 A . — Gross specimen of the lower half of colon of cat wliich had received a sup- 
positorj- containing a mercurial diuretic (Cat No. 108; dose of SSSl equivalent to 10 mg. 
mercur>'). Tlie necrotic areas are 2 to 10 mm. in size, purple red. well demarcated and 
slightly depressed. The pathologi- exhibited by this specimen was recox ded as, necrosis, 8 plus. 
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For comparison of the toxicity of the various drugs emploi'ed, the extent of 
the lesions was graded as one to three plus. The exudative lesions usually 
encircled the gut and it was therefore possible to compare them by linear 
measurement. Involvement of less than 2 cm. of the length of the large intestine 
was considered as one plus; from 2 to 6 cm., two plus; and more than 6 cm., 
three plus. The necrotic and hemorrhagic lesions were grouped together. A 
total area of involvement of Ic.ss than 0.25 sq. cm. ivas considered one plus ; from 
0.25 to 1.0 .sq. cm., tivo plu.s; and more than 1.0 sq. cm., thi'ee plus. On the 
whole, it Avas iiossible to adhere to these criteria closely, hut occasionally exact 
measurement was diilieult and required subjective judgment. 

Microscopic Eiaminalion . — Histologic preparations were made by the 
paraffin block method and stained with hcmato.xylin and cosin. In a few cases 
where gross sections had shown les.ser degrees of exudation, the inflammatory 
materia! iras apparently dissociated from the gut ivall during tlie making 
of the preparation and no alterations were visible under the microscope. In 
others, hoAvever, definite inflammatory exudate could be seen overlying the 
mucosa, consisting in varying proportions of poijnuorphonuclear leucocytes 
and large mononuclear cells embedded in amorphous pink-staining debris. 
In the more severe degrees of involvement the mucosa aiipeared necrotic and 
from one-third to the entire thickness was sloughed off to form part of the 
overlj-ing exudate (Fig. 1 B). In the subnuicosa there was congestion of the 
arteries and veins and an increased ccllularity consisting chiefly of mononuclear 
cells. In one section a small area of hemorrhagic extravasation appeared at 
the base of the necrotic mucosa. 

Section through areas of necrosis revealed considerable alteration of the 
mucosa and snbmucosa (Fig. 2 B). The architecture of the mucosal glands 
could be defined to some degree, but the cells had undergone coagulation necrosis 
and nuclei were no longer x-isible. The glandular structure appeared to be an 
amorphous pinkish mass. An infiltration of pohTnorphonuclear cells was present 
throughout the mucosa and underlying submuco-sa and the submucosal arteries 
were packed with cells. 

PEOCEDL-RE FOR THE COMPARISON OF SUPPOSITORIES WITH RESPECT 
TO .vnSORPTlON AND MERCITSY EXCRETION 

For estimating absorption and excretion the animals were prepared exactly 
as for the study of local toxicity. However, just before administration of the 
snppositorj- a catheter was inserted, fastened in place wdth adhesive tape, and 
all subsequent urine coUeeted in a flask. The specimens ivere discarded if a 
bowel movement occurred during the e.xperimental period. After rtventy- 
four hours the entire large intestine was clamped at either end and excised. 
The twenty-four-hour urine specimens and the unopened gut were then 
analyzed by the method of Vinkler,'’ modified by Gettler and Lehman.^ The 
procedure for the digestion of the intestine and contents was the same as that 
described by DeGraff, Batterman, and Lehman.* Test anah-ses on feces and 
mtestine by this method have not been reported and are. therefore, given in 
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Tabic II. Tlic.sc were enrried out by analyzing speelmeiis from normal cats to 
wliieli known amounts of nicrciirle nitrate had been added. It will be seen that 
the accuracy is adequate for the purpose.s of this study. 

IU;SUI.TS AND CON'CM SIO.VS 

In Table III the jn'otocols are given for (be experiineiits on the local to.xicity 
of suiqiositories. A seiiarate classification has been made for tlio two types of 
lesions observed since they are distinet and may be found either alone or to- 
gether. For comparative purpose.s arbitrary immbers have been derived to 
indicate the relative c-xtent and freipieney of each type of reaction. The 
number of animals showing one-, two-, or three-plus exudative reactions was 
multijilied in each case bj' one, two, or three, and the combined total of 
“plus" scores in turn divided by the number of animals used. Thus, for 
raerenriu the number 0.87 was obtained : | (3 x 1 ) - (4 x 2) -r (.5 x 3) ] i- 30. This 
process was repeated for tlie ucerotie lesions. The ratios thus obtained were 
divided by the smallest of the series in either category (i.c., the ratio for com- 
pound ST3S15). These numbers appear in columns 2 and 3 of Table IV. In 
colnnin 4 of Table IV are listed the iicrcenlagc.s of animals showing a onc- 
plns reaction or greater of any type. 

Tnn.r tV 

Counni.ATiox or rll IVmt lJr.i..\Ti\ i: Toxicity of si rro.siTonms 



It xvill be noted that of 37 cats receiving commercial salyrgan suppositories 
62 per cent showed some type of reaction. The relative extent of damage to 
die gnt wall was 3.S times as great for sal.vrgan as for ST3S15, the best of the 
preparations, and the extent of the exudative lesions was 7 times as great, 
^lercurin had an incidence of reactions of 47 per cent of the animals used. The 
extent of necrotic lesions xvas 2.6 times that produced by ST3S15 ; the extent 
of e.xudative lesions, 4 times. It should be pointed out that, while the introduc- 
tion of theophylline reduced the toxicity in x-arying degree, no preparation xvas 
found which, despite a low incidence of reactions, xvould not at some time cause 
a lesion in the colon of the cat. 

Since it seemed that the pll of the medicinal constituent of the suppositories 
imght be an important factor in determining toxicity, a portion of each supposi- 
tory mass xvas extracted repeatedly with ether until free of cocoa butter, and the 
pH of a 2.5 per cent solution (or suspension) of the salt was measured ac- 
curately with the glass electrode. These values appear in column 5, Table IV. 
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Table V 

Mercury Found in Urine and Large Intestine Twenty-Four Hours After Administration 

OF Suppositories 


code no. of 
preparation 

MG. Hg 

IN GUT 

PER CENT 

UNABSORBEE 

MEAN PER 

CENT 

ONABSORBEE 

MG. Hg 
IN URINE 

PER CENT 
EXCRETED 

MEAN PER 

CENT 

EXCRETED 

Mereurin 

2.13 

11.9 


8.07 

1 — 



1.20 

6.7 


7.79 




~ 

- 


7.42 

41.4 



0.67 

3.7 



40.8 



1.86 



7.28 

40.6 



1.33 

7.4 






4.33 

24.2 






_ 

- 

imsm 



35.0 

Mercurinio acid 

11.4 

57.0 


3.75 

18.8 



10.1 



2.81 

14.0 



4.29 

21.4 


2.45 

12.2 

15.0 

ST3815 

- 

- 


4.48 

22.4 



- 

~ 


3.86 

19.3 



1.52 

7.6 


3.14 

15.7 



“ 

- 


2.76 

13.8 



- 

- 


2.07 

13.3 



- 

- 


2.37 

11.8 



5.30 

20.5 



10.2 



7.93 

39.6 

24.6 

1.57 

7.8 

14.3 

Salyrgan 

4.56 

25.9 


4.34 

24.6 



- 

- 


3.72 

21.9 



6.79 

38.0 


3.58 

20.7 



- 

- 


3.51 

19.9 



7.78 

44.1 


3.05 

17.3 



7.50 

42.0 


3.04 

17.3 



3.04 

17.3 


2.81 

16.0 



6.80 

38.0 


2.10 

11.9 



- 

- 



11.8 



8.98 



1.93 

11.0 



7.76 



1.32 

7.5 



7.88 

44.8 


1.24 

7.1 



8.06 

45.8 


1.14 

0.5 



6.18 

35.1 

38.9 

0.98 

5.6 

14.2 

ST3S4 

- 

_ 



35.5 




- 


3.13 

15.6 




“ 


3.01 




4.35 

21.7 


1.19 

5.9 



- 



0.64 

3.2 



- 

- 



2.5 



- 

_ 


0.35 

1.8 



- 

- 


0.14 

0.7 

10.0 

ST3S25 

- 

- 


3.19 

15.9 



- 

_ 


2.40 

12.0 



- 

_ 


1.33 

6.7 



- 

- 



4.8 

9.9 

619 

- 

- 


3.13 

17.2 



_ 

- 


1.16 

6.4 



0.32 

1.8 



5.9 



2.60 

14.6 



5.0 



2.28 

12.5 


0.67 

3.7 



0.70 

.3.8 


0.04 

3.5 



- 

- 


0.58 

3.2 



3.82 

21.0 


0.55 

3.0 

6.1 

S3S1, 618-2 

6.79 

41.9 


0.59 

3.7 



7.16 

44.2 


0.53 

3.3 



6.91 

42.6 

42.9 

0.34 

2.1 

3.0 
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The correspondence of lo\v pll values with lessened incidence and degree of 
reaction caused by various drugs is apparent. It can be seen, then, from Table 
IV that S3S1, tlie most toxic preparation, has ncarlj' the liighest pH, and that 
ST3815, the least toxic preparation, has the lowest pIL The t^YO preparations 
tliat are available commercially, namely sal.vrgan and mercurin, sliow a definite 
relationship of toxicity to i)II. Salyrgan with a pH of 8.9 has a toxicity almost 
as great ns S381, whereas mercurin with a pll of 7.8 lias a lower order of toxicity 
but is still more toxic tliaii ST3S15 with a pll of 4S}. 

From the foregoing study of tljc local tctxicily of mercurial diuretics when 
administered in the forjn of rectal suppositories, flic following conclusions 
may be drawn : 

1. All of the mercurial suppositories studied, wlien administered under tiie 
above-described conditions, may or may not produce pathologic changes in the 
large intestine of the cat, depending upon factors beyond our control at present 

2. No qualitative difi’erenecs could be detected between the reactions pro- 
duced by tliG drugs of various ehemieal eomi)ositions, 

3. The local toxicity of mercurial suppositories may be compared by de- 
termining averages for the frequency and severity of tlio reactions produced 
in extended scries of animals. 

4. Apparently a distinct eorrolalion exists between tlic pH of the drug in 
the suppository and its toxieity, ]>reparations of low pH causing reactions least 
frcquentlj'. So far as local irritation is concerned, the chemical combination 
of theophylline with salyrgau or the admixture of salyrganic acid with salyrgan, 
or both, appears only to serve the pui'posc of reducing the pH of an aqueous 
solution of the suppository ingredients. It is, of course, impossible to say what 
theoretical connection this measured pH has \nth the chemical processes in the 
gut, but the correlation seems unmistahablc. 

In Table V are given the protocols for absorption from the gut and for the 
subsequent urinary excretion of mercury. From examination of the table the 
following may be concluded : 

1. Absorption of mcrciu'ial diuretics, as studied by determining the mercury 
content of the large intestine of the cat tiventy-foiir lioiu’s after introduction 
of a suppository, is highly irregular, and no correlation with local toxicity, pH, 
or chemical composition is apparent. 

2. The excretion of mercurial diuretics, as studied by the mercury content 
of the urine collected during the first Uventy-four hours after ad.ministration of 
a suppository, is also highly irregular. The values for the percentage excretion 
of mercury are grouped in Table V under the various preparations studied and 
are arranged in descending order of magnitude. In spite of the wide variations 
among data obtained with the same drug under conditions as nearly identical as 
possible, it is felt that a comparison of the means is of some value. Such 
a comparison shows (a) that mercurin is more rapidly excreted than any 
other preparation, and (b) that excretion following the administration of 
ST3815 is, on the average, as good as after commercial salyrgan and is better 
than after any of the salyrgan modifications which are of low pH and toxicity. 
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3. It is felt that the irregularity of absorption and excretion of mereurial 
diuretics after rectal administration is of significance in itself and ivould 
indicate that exact dosage by this route is impossible, even under optimum 
conditions. 

4. It should be noted that no parallel can be drawn between tlie enhancing 
effect of theophjdline upon the absorption of mereurial diuretics after intra- 
muscular injection and its effect upon rectal absorption. 

SUMMARY 

A method for the experimental study of the rectal administration of mer- 
curial diuretics has been suggested. A comparison has been made of the local 
toxicity, absorption, and elimination of suppositories of various chemical com- 
positions. The lesions which they may produce in the colon of the cat have been 
described. 

This investigation was carried out under the direction ot Professor Arthur C. DeGraff, for 
whose guidance the autiiors wisli to expi'ess their appreciation. 
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LABORATORY METHODS 


EVALUATION OP THE TUBERCLE BACILLUS CONCENTRATION 
JIETIIODS OP PETROFF, POTTBNGER, AND 
CIIE^IICAL FLOC’CULATION* 

A. II. Nagy, ^LT., San-atokii'm. Texas 


TN THE examination of sputum for tuborelc l)acilii many \\orkers have realized 
the futility of seareli in a straight smear of material eontaining comparatively 
few organisms. Consequently, various methods of concentrating the bacilli have 
been devised. Tlie purpose of this study was to learn wliat miglit be expected 
Anth these concentration mctliods in routine clinical Avork in an average labora- 
tor}’. 

The methods studied were Petroff^s, Pottenger's, and chemical flocculation. 
The respective techniques emplo.vcd arc as follows: 

Petroff’s $Sodutm Hydroxide Method (1) 

1. Shake equal parts of sputum and 4 per cent sodium hydroxide for five 
minutes. 

2. Incubate at 37° C. for thirty minutes or longer. 

3. After complete homogouizalion ccntrifugalizc at liigh speed. 

4. Drain off supcniatant fluid and neutralize sediment with normal hydro- 
chloric acid. 

5. Prepare smear.s from sediment, dry in air, and fix over flame. 

6. Stain by Ziclil-Neelscn method, 

Poitenyer's Dilntion-Flofation Method (2) 

1. Shake equal parts of sputum and 0.5 per cent sodium hydroxide for ten 

minutes. 

2. Digest in Avater bath at 56° C. for tliirty minutes. 

3- Add 1 ml. hydrocarbon (gasoline or xylene). Add about 200 ml. distilled 
Water and shake ten minutes. 

4. AIIoav hydrocarbon to collect at top (fifteen to tAA'enty minutes). 

5. The hydrocarbon layer is picked up in rubber bulbed pipettes and 
slloAA'ed to remain in vertical position until subnatant fluid separates from hj dro- 
carbon (five to ten minutes). Slides of desired thickness are made from hydro- 
carbon and alloAA'cd to dry. 


•From the Texas State Tuberculosis Sanatorium. Sanatorium 
at the Sixth Annual Convention of the Texas Society 
'Vaco. Texas. October 14. 1938. 

Received for publication, November 8. 193S. 
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6. Wash slide in ether to remove hj’^drocarhon. Stain in carholfuchsin 
three hours or longer. Decolorize with acid alcohol; do not allow more tlian 
thirty seconds as bacilli decolorize rapidly. If further decolorization is neces- 
saiy, use 10 per cent sodium sulfate. Coiinterstain, preferably with 1 per cent 
aqueous picric acid.^' 

Chemical Floccnlation Method (3) 

1. Shake equal pai'ts of sputum, and 4 per cent sodium hydroxide which 
contains 0.2 per cent A 1 K(S 04)2 (alum sulfate), and 0.002 per cent bromthymol 
blue. 

2. Digest in Avater bath at 37° C. for thirty minutes and shake for ten 
minutes. 

3. Add N/2.5 hydrochloric acid until neutral. Shake thoroughly. If 
flocculation does not occur in less than five minutes, add 0.2 ml. 1 per cent 
PeClj (ferric chloride) and shake. 

4. Centrifugalize at high speed to iiaek precipitate. 

5. Prepare smears from sediment, dry in air, fix over flame, and stain by 
method desired. 

Since it is the purpose of any eoncenti'ation method to collect the greatest 
number of bacilli in the smallest possible volume, tlie fii’st series of tests on 50 
posith’’e sputa was made to compare the number of bacilli which could be col- 
lected from 15 ml. samples of sputum sodium hydroxide digest by Petroff’s 
method ccntrifugalized at 3500 r.p.m. for thirty minutes; by Pottenger’s method 
and by chemical flocculation method ccntrifugalized at 1750 r.p.m. for five 
minutes and compared to direct smear of “choice particles” of the original 
sputum sample. The use of the 15 ml. sputum digest quantity Avas chosen for 
tlie convenient use of the 15 ml. conical centrifuge tube. 

Table I*' 


AA'ERAOE NUSEBER CONCENTKATtOX 

BACILLI PER FIELD FACTOR 


Straight smear of choice particles 

Petroff’s at 3500 r.p.m. — 30 min. centrifugation 


X 1 

19.8 

X G 

Pottenger ’s dilution-flotation 

97.6 

x29 

Cliemical flocculation at 1750 r.p.m. — 5 min. centri- 
fugation 

64.2 

xl9 


•Meciuinically homogenized- Fifty microscopic fields examined. 


FolloAving Hanks’® example, direct examination Avas used as unity to arrive 
at a figure from Avhich the concentration factor AA’as computed. Since it is evi- 
dent that the advantage of distrilmtion of bacilli is that the chance of finding a 
clump of 5, 10, or 20 bacilli represents one chance, all clumps of bacilli were 
counted as “1”; if the clump is broken up, the chance of diagnosis is increased 
5, 10, or 20 times.® As pointed out by Hanks,® tlie digesting process doubles the 
volume of sputum sample, and unless the breaking-up of clumps of bacilli is 
sufficient to double the possibility of finding them, the concentration factor must 


•Tn -iten 1. a 4 per vent soilium hyrtroxiUe was used in place of O..A per cent ti 
nil sDutura-diKCSt sawples for the various tests may be uniform. This increase in the p 
cent ^of solium In^roSdo used nece.ssitated the lowering of incubation temperature « fWP 
2 to Sr C..T otherwise tlie bacilli decolorized quite readily. Methylene blue was used a.« 
a counterstain. 
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be divided in two in order to indicate the actual advantage of concentration. 
Tliis point was later proved as shown by Table II, assuming that hand shaking is 
inferior to mechanical shaking to bring about complete homogenization. 

T.vble II* 


METHOD 

AVERAGE NUMBER 
B.VCILU PER FIELD 
HOMOGENIZED 

AVERAGE NUMBER 

BACILLI PER FIELD 
OCCASIONAL SHAKING 

Straight smear of choice particles 
Petroff^s at 3500 r.p.m. — 30 min. centri 

3.3 

X r 

3.3 

X 1' 

fugation 

19.S 

X G' 

14.2 

X 4' 

Pottenger’a dilution-flotation 

Cliemical flocculation at 1750 r.p.m. — 

97.C 

x29' 

47.9 

xl5' 

5 min. centrifugation 

54.2 

xl9' 

43.1 

xl3' 


•Fifty microscopic flclOs cxamiuetl. 
'Concentration factor. 


A second scries of tests was carried out on 25 sputa wliieh were kno^vn to 
be repeatedly negative by straight smear examination but positive on some 
previous examination. Table III shows the comparative results of the respective 
concentration methods. 

Table III* 


METHOD 


ATEraCE NUMBEH 
BACILLI TER 100 
FIELDS 


CONCENTRATION 

FACTOR 


Straight smear of choice particles 0.4 x 1 

Petroff's at 3500 r.p.m. — 30 min, centrifugation 2.9 x 7 

Pottenger’s dilution-flotation 13.1 x32 

Chemical flocculation at 1750 r.p.m. — 5 min. 

centrifugation 7.4 xl8 


•Mechanically homogenized. Two hundred microscopic fields examined. 


A third series of tests was performed as in tlie first, except that the quantitj’ 
of sputum digest tvas not limited to 15 ml. This was undertaken to ascertain 
the value of the use of larger quantities of sputa. In Petroff's and the chemical 
flocculation methods this was found unsatisfactory, because the concentrated 
sediment proportionally increased in volume sometimes to the extent that only a 
small portion could be considered for routine use. This objection, however, was 
not encountered in Pottenger’s method. In one instance as much as 150 ml. 
of the sputum digest were used without an increase in the amount of hydro- 
carbon necessary to collect the bacilli. Table IV shows the results of this series 
of tests. 

Table IV* 


ilETHOD 

AVERAGE NUMBER 
BACILLI FEB FIELDt 

AVERAGE NUMBER 
BACILLI PER FIELDt 

oiraigiit smear of choice particles 
Petroff’s at 3500 r.p.m. — 30 min. 
centrifugation 

Pottenger’s dilution -flotation 

4.1 

X 1' 

4.1 

X 1' 

22.6 

X 6' 

23.5 

X G’ 

112.7 

x28' 

163.8 

X40' 

Chemical flocculation at 1750 r.p.m.— 
5 min. centrifugation 

64.8 

xlO' 

68.4 

xl7' 


•2o microscopic fields examined. 

tl5 ml. sputum digest used. 

tAny greater volume of sputum digest used. 

Concentration factor. 
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It is interesting to note that in the previous series of tests tlie concentration 
factors of the respective methods remained comparatively the same, but in this 
series of tests the volume of sputum digest ivas increased; in Petroff's and the 
chemical flocculation methods there was a slight decrease in the concentration 
factor, whereas a great increase was found by the Pottenger’s method. Tliis 
increase of the concentration factor in Pottenger’s method was persistent 
throughout this series of tests. On one specimen, of frothy, tenacious, muco- 
purulent consistency, 150 ml. of sputum digest were used. The findings were 
as follows : Straight smear, 50 bacilli in 50 fields, or an average of one bacilli 
in a field. Pottenger’s concentration of the same specimen was estimated to 
contain 300 bacilli to a field, or a concentration factor of 300. This figure was 
not considered in Table IV or in the evaluation of the methods. 

Prom the foregoing tables we derive the following concentration factors: 
Petroff’s — sodium hydroxide method — ^x6; chemical flocculation method — xl8. 
The concentration factors of Petroff’s and the chemical flocculation method 
closely resemble the findings of Hanks’* in his comparison of the two methods. 
The concentration factor in Pottenger’s method of x33 in the series of tests 
with 15 ml. sputum digest volume and of x40 in the series using greater volumes 
of sputum digest is considerably under x60, the concentration factor derived by 
Pottenger.** However, his method of computing the concentration factor was 
based on the number of bacilli found in a unit length of time, whereas the 
method used in this series of tests wms based on the number of bacilli found per 
field regardless of the time consumed in the examination. It is a fact that the 
average time required to count the bacilli in 50 fields from preparations of 
straight smears, Petroff’s or chemical flocculation, was as much as 200 per cent 
greater than the time required to count a like number of fields in preparations 
from Pottenger’s method, 

DISCUSSION 

The criteria for judging the relative efficiency of concentration methods 
evaluated were based chiefly on two principles : First, the superior method must 
be efficient and accurate, without fail, in a reasonable length of time. Second, 
the technique must be simple; that is, complicated, special apparatus, unstable 
chemicals, and much handling must be avoided. With these points and the 
results of the previously related series of tests, Petroff’s and the chemical floc- 
culation methods are considered not sufficiently efficient to warrant further dis- 
cussion even though their simplicity and the reiiuired length of time to perform 
the tests are commendable. 

The superiority of Pottenger’s dilution-flotation method is enhanced by 
its simplicity and the applicability of the method to large or small volumes ol 
work. The apparatus which we found preferable are as follows: Plio.sphorus 
determination flask, 450 ml, — this type of flask lias straight walls and a neck 
of 22 mm. diameter in which the hydrocai’bon layer readily collects, and is 
sufficiently large to permit easy and thorough cleaning. Furthermore, any 
number of these flasks may be secured in an easily constructed wooden frame 
and clasped into a Kahn shaking machine for the homogenization process. The 
final hvdrocarbon-layer separation step is carried out in Kahn serum transfer 
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l)ipettcs set vertically in test tubes in a raek. Siibnntant fluids from these 
pipettes arc easily discarded and slide pi’Cimrations arc made of desired thick- 
ness by discharging the remainder of the bacillus-collecting hydrocarbon layer. 
Air - or oven-drying may ])o used. The slide preparations do not peel during 
the process of staining as so often happens in preparations from other methods. 
Under the microscope a maximum penclration of stain is evident. There is an 
absence of grit and other residues. The background is homogeneous, permitting 
a difthse light. The bacilli arc evenly distributed and readily recognized. 

CONCLUSIONS 

Pottenger’s dilution-flotation method of concentration gives an average of 
33 times as many bacilli as can be found in direct smears of choice particles in 
routine vork. The efficiency of this method is twice tliat of chemical flocculation 
and four times that of Petroff's. According to Pottengcr,- this is as accurate as 
guinea pig inoculation and can detect the presence of as few as 1,000 bacilli in 
twenty-four-hour eolleetions of sputa, whereas to find tubercle bacilli in a 
straight smear by microscojiie examination re<iuircs the presence of 100,000 
tubercle bacilli per 1 ml. of sputum.^ 
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routine laboratorv examinations for c. diphthbriae* 


C. Alfred Perry, Sc.D., and Elizareth Petran, Ph.D. 
Baltuiobe, J[n. 


p OUTINE examinations for C. diphthcnac have been made for so many years 
that one is likely to assume that this is one of the simpler bacteriologic 
examinations which anyone with moderate training is qualified to do, whereas in 
reality it is one calling for seasoned judgment and discrimination. Several j eap 
ago an error of approximately 75 per cent was found in the results obtained in 
one laboratory. The source of error in this case was due to placing entirely too 
much reliance on cellular morphology and granules. Many diphtheroids vhen 
stained for granules are indistinguishable from C. diphtheriae, while manj 
strains of C. diphtlicriac lack granules. So certain was the bacteriologist that 
he knew C. diphthermc when he saw it that he could be convinced of Ins error 
only after careful and painstaking pure culture studies had definitely established 
the identity of the organism. 

•From the Bureau of Bacteriology. Marj'Ianrt State Department of Health. Baltimore. 
Received for publication, Januao’ U* 1939. 
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Many weak points in the methods routinely used in testing for G. diphfherm 
were recognized. During the past sis or seven years a number of studies have 
been carried out which -we believe have greatly improved the quality of our 
routine worli. 

LIMITATIONS OF LOPFLER’S MEDIUM 

One of the first steps in these studies was to determine the efficiency of 
Lofflerls medium for the growth of C. diphthcriac. To our surprise, the quality 
of nearly every batch of Loffler’s medium for growtii and cellular morphology 
varied tremendously. In many instances abundant groivth could he obtained, 
but cellular morphologj’ was so iinsatisfactoiy that the correct identification of 
various strains of C. diphtheriac would often he impossible. With otlier batches 
the amount of groivth ■would he so scanty that overgrowtli of C. diplitheriac by 
other throat and nose bacteria would be almost certain to occur even though in 
such instances cellular morphologj- -was very satisfactory. Many months -(verc 
spent in trying out different methods for the preparation of a Loffler’s medinia 
which ■u’ould give reasonably good giwvth and satisfactory cellular morpliolog,v. 
TJie time and temperature of autoclaving and the pH of the medium were 
found to be the chief factors influencing grow'th and cellular morphology. The 
following method has been found to give unifoi’mly good results. 

Clear beef or hog serum 75 per cent 

Beef infusion brotli pH 7.G 25 per cent 

Dextrose 0.2o per cent 

Dissolve tlie dextrose in the infusion broth and add to the sevum. 

Adjust to pH S.3 with sodium h 3 'droxide. Tube in 4 to 5 c.c. quantities. 

Place in the autoclave in a slanting position. Close the door and fasten 
tightl}'. Close the air valve to keep all air in before turning on the heat. 
Autoclave one hour at 15 pounds, then one and one-half hours at 20 pounds 
(with air retained). Pinal pH will be 7.6 to 7.8. 

It is our practice to give every batch of Loffler ’s medium a number and to 
carefully test eaeli for growtli and cellular morphologj' with select strains of 
C, diplitlimac. No batch is released for routine use until it has been so tested 
and approved. A check in one laborator j- where the Loffler ’s medium tvas found 
to give very poor growtli but satisfactory cellular morphology revealed that this 
laboratory liad foiuid only about Iialf as maiij’- positive cultures from specimens 
sent in for diagnosis, release, or carrier as in some others. The implication that 
the poor growth-promoting quality of the medium was responsible seemed 
justified. It wms also obvious that many en-or-s were due to failure to correctly 
identify C. diphthcriac w'heu identification depended entirely on microscopic 
appearance {Table I). These limitations of Loffler 's medium directed our atten- 
tion to other methods. 


ADVANTAGES OF DOUGLAS’ POTASSIUM TF.LLURITE StEDIOM 

Our interest was directed to Gilbeii's modification^ of Douglas’ potassium 
tellurite medium® because of the success others had had with this medium. 

•Dissolve 1.0 T>er cent of Bramilatctl agar in beef infusion brotVi. Adjust pH to 7.2 to 7J. 
bottle in convenient amounts witliout rtltration, anti sterilize in the autoclave at Jo pounus lor 
twentv minutes. Molt this ba.se in an Arnold sterilizer -n-hen rc.ndy to use and cool to BU ^ 
Add 5 0 per cent sterile luiman or hoe scrum. 0.2 per cent of Ccxtrose from a steriic pm™' 
(2 CO of a 10 per cent dextrose .solution to lOO c.c, of base) and 0.01 per cent of potas-S'un 
tellurite (1 C.C of a 1 Per cent sterile solution). Distribute in Petri dishes. 
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After using it routinely for four yonii* and after trying iMcLcod’s chocolate 
tellurite- and Clauberg’s hiked blood tellurite medium,^ we found it the most 
satisfactory.* It is easier to prepare, and all strains of C. diphiheriac gi*ow well 
on it though colonies arc nuich smaller than those on Clauberg’s medium. It has 
the advantage of transpareney. 

The chief difTicuIty with this medium, as with all other media containing 
potassium tellurite, is controlling the concentration of tellurite. This may be 
aceomiilished by using a solution free from precipitate. Wc have found that 
potassium tellurite begins to jircciintatc from solution when the pll is lower 
than 9.0.1 "Wc, therefore, adjust the pll of a .stock solution made according to 
the directions of Kuth Gilbert to pll 9.5 with 10 per cent potassium hydroxide. 
In filtering through a Seitz filter a jjrecipitate forms in the first portion due to 
a change in pll by the filter i)ad. This portion should be rcfiltcred by adding 
it to the unfiltcred solution. In this way wo have Ijcen able to obtain a crystal 
clear solution. If this is kept tightly slopj>ercd and is withdrawn only with 
chemically clean pipettes, it will remain free of precipitated potassium tellurite. 
"We have found this precipitate to he responsible for uido fluctuations in growth 
of C. diphthenue in Douglas’ medium because it varies tlic concentration of 
tellurite in the medium. 


Another factor responsible for failure to find colonics of C. diphthenae on 
tellurite plates is overgrowth by other bacteria, mostly the staphylococci. \Vo 
have found that when the medium gives optimum growth of C. diphtheriac, 
overgrowth is not likely to occur since the colonics of C. diphthcriao may be seen 
protruding through the mass growth of stai>IiyIoeocci. When a very small niim- 
her of colonies of C. diphtheriac are present, no doubt overgrowth docs occur. 

Our experience witli Douglas’ tellurite medium has been, briefly, that C. 
diphtheriac is frecpiently found when absent or unrecognized on Lbfller’s me- 
dium. However, when the toliurilc medium is used in conjunction with Liiffler’s 
our experience has been that the examiner soon begins to recognize certain types 
as C. diphtheriac that he woidd not if the tellurite medium had not been used. 
Thus in 1934, 10.9 per cent of po.sitive ineidenecs were found on tellurite medium 
which were negative on Ldflicr’s, wliile in 193!), 1936, and 1937, tlie percentages 
were much less (Table II). During 1936 many more positive results were found 
on Loffler’s than on tellurite medium. This was due to the difficulty of obtaining 
the correct concentration of tellurite as indicated above. The use of both media 
obviated doribtful I’cports to physicians after 1934. The definite identification 
of C. diphtheriac, of course, is of great value in correct diagnosis by the physi- 
cian and in the avoidance of iinneccssary detention of cases and carriers. 


The great value of tellurite plates for the accurate and dependable identifi- 
cation of C. diphtheriac is beyond que.stion. Even with every batch of Loffler s 

. *An ifloal ineclluni. however, for ctiltiirins C. diphthertae from thro<at and nose swabs has 
not yet been developed. Further study of this pioblem Is being made. 

tPotassium tellurite probably precipitates from aqueous solution in the following way: 

KsTeOi + HOH TeO* j + 

Iv;TcO^ + COt TeQ» I * K.COa 

TeOa + 2KOH KsTeOs + H.-O 

Therefore, In an excess of OH Ions and with COs ions excluded by use of a tight rubber stopper, 
precipitation of iJof Jan be D^veSted Com^^^ solution, of course, insures a un form con- 
of potassium tellurUe. and If medium and solution are 
centratlon of potassium tellurite will be constant in all batches of medium. 
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medium carefully controlled, it is never possible to be certain of many results if 
only Lofllcr’s medium is used. No bacteriologist in our service who has once 
become accustomed to the use of tellurite plates has felt that he could again 
depend solely on LoHler’s. It is our practice to read all tellurite plates after 
twenty-two to twenty-four hours’ incubation at 37° C. and to pick suspicious 
and typical colonies to microslides. These are stained with LoRlcr’s methylene 
blue. It is usually a simple matter to identify tlic various types and strains of 
C. diphiheriac in these i)urc or almost jiure cultures from tellurite plates after 
one becomes familiar with the cellular morpliology of C. diphthenae on this 
medium. We have found^ that an experienced person can identify cultures of 
C. dijdiihcriac as gravis, mifis, or intermediate types with a high degree of 
accuracy, from cellular morphology on tellurite plates. The use of tellurite 
plates greath' facilitates virulence tests when these arc neccssar}'. Colonies 
may be picked without delay from primary plates, and there is not the chance 
of picking several colonies wliieh may be descendants of one organism as w'hen 
tlm growth from a Ldnier .slant i.s plated. Through the use of tellurite plates 
one is unquestionably enabled to recognize C. dipiithcnac on Lofiler’s with far 
greater accuracy than is otherwise possible. 

We find, however, a considei'ablc pereentage of Ldfiler slant cultures positive 
when tellurite platc.s arc negative (Table II). It is our practice to examine 
all cultures for diagnosis or release on both media. However, where wc have 
large mimbors of throat and no.se .swabs from groujxs of scliool children and 
others for detection of carriers, wc usually use either tellurite plates or Ijoffler 
slants, but not both, due to tlic work involved and tlic doubtful importance of 
carriers, witli very few diphtheria organi.sms, in tlie spread of the disease. "With 
proper controls tellurite plates arc not believed to be negative except rarely 
when very small numbers of C. diphiheriac arc present in the throat or nose. 
Not more than one specimen should be inoculated onto a single plate except in 
emergencies. Obviou-sly, specimens from different persons should never be 
inoculated on one plate. 

Douglas’ tellurite medium is iireparcd as slnnls and is used in containers 
for mailing specimens to the laboratory. These slants are sealed with paraf- 
fined cork stoppers and carefully tested for sterility. The tellurite medium has 
been found to inhibit spore formers and spreaders, but in the strength used has 
not been foxind to prevent the growth of either C. diphiheriac, hemolytic strep- 
tococci, or pneumococci. Oftentimes the tellurite slants are positive for C. 
diphtheriae as received. AVe believe the medium is superior to Loffler slants for 
this purpose. 


VAL'OE OF DIRECT SME/\RS IN DIAGNOSIS OF DIPHTHERIA 

AVhen diphtheria bacilli can be identified bj’ direct microscopic examination 
of stained preparations of material from the throat or nose lesions, this is the 
method of choice, for it permits an immediate report. Frequently the organisms 
are as distinctive in such direct smears as in cultures. At times they occur in 
large numbers. After several years’ experience with direct smears, bacteriolo- 
gists both in our central and branch laboratories have been able to find positives 
in an increasing percentage of eases (Table III). Cultures are always made 
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Table III 

Value op HinErT Examinations foe C. Piphthebiae 



1933 

1034 

1935 

1936 

1937 

Number of positive cases with satis- 

221 

175 

211 

170 

187 

factory direct smears 

Number of positive cases on direct 

62 

9S 

90 

91 

332 

smear 

Per cent positive 

28.0 

56.0 

44.8 

53.0 

70.7 

Number of errors, direct smear pos- 

4 

6 

C 

0 

1 

itive, culture negative 

Per cent of error 

1.8 

3.4 

2.8 

0 

0.5 


Note ; Only those specimens for diagnosis on which a satisfactory direct smear was made 
and on which the cultures subseguently yielded C. diphtlieriae are considered in this tabulation. 

regardless of the Ending of C. diphtliermc in direct smears. During the past 
two years only one direct smear was considered positive which did not confirm on 
culture. In manj'- instances only scant 3 ^ material was obtained on the swabs. 
Undoubtedlj^, a veiy large percentage would be positive in this way if phj'sieians 
would use care to secure part of the membrane on the swab. By emphasis on 
this point we hope to increase still further the percentage of positive direct 
smears. 

In the eases with positive direct smears the plprsician is given this informa- 
tion by telephone as a preliminary report. A ^Yritten report based on culture is 
sent later. All preparations, whether direct smears or cultures, are stained with 
Loffler's methylene blue. No other stain has been found as satisfactory. On 
several occasions preparations have been found which were stained purplish 
rather than blue, and in one instance at least, a large error was the result of 
incorrect staining. On investigation it was found that too much alkali had 
been added to the stain. It is important that the final pH of the methylene blue 
be approximately 6.0. 

INCIDE.N'CE OF NASAL DIPHTHERIA 

It is a common practice in taking cultures for the diagnosis, release, or 
detection of diphtheria carriers to take material onijr from the throat. While 
the fallacy' of such a practice is obvious, a full appreciation of the matter does not 
always exist. One of us was a carrier of a nonvirulent strain of C. diphtherkc 
for several j'ears and being subject to frecpient attacks of sinusitis, he made 
repeated cultures of the discharge from the nose. The danger from any one 
with discharging sinuses ivho happened to he a carrier of a virulent strain of 
C. diphthcriae was obi’ious from the fact that enormous numbers of C. diph- 
thcriac were frequenth' found during such attaeJes. Since the hands are perhaps 
more frequently soiled with discharges from the nose than from the throat, par- 
tieularlj' during colds when such contamination maj* he veiy great, it i.s ap- 
parent that people with positive nose cultures are most likely to spread the 
disease. Tiie danger from carriei’s is probably not during the time when the.v 
liarbor a few virulent diphtheria bacilli, but during the time when such carriers 
develop a cold and virulent diphtlieria organisms are present in enormous num- 
bers. In order to have some qiiantifatn-e data on the incidence of nasal in- 
fections, the percentage of positive nose cultures was compiled for three years. 
The percentage of eases witli both throat and nose positive was 18.5, 19.0. and 
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2G.1, respectively. The pei'centnjros of eases with positive nose and negative 
throat cultures M’ore 13. S, 12.0, and 2.S. The total percentages for cases witli 
positive throat or nose cultures were, therefore, 32.3, 31.0, and 28.6. Al- 
most a tliird of all persons carrying C. diphtheriac carried tliis organism in the 
nose (Table IV). 

Table IV 


iKCmEN'CE OF 1 CaS.\L IXFI.iTW.V OF DlPIITIIKRIA 





10,^4 


1935 


NUMBER I*Ei: CENT 

NCMBfR rnn rexT 

XUAIDER PER CENT 

Total positivc.s (nose and 

5C3 

100.0 

782 

100.0 

241 

100.0 

throat) 

Nose and throat positive 

lOo 

18.0 

loO 

19.0 

C3 

20.1 

Nose positive, throat negative 
Nose negative, throat pofsitive 

7f» 

m.s 

00 

12.0 

0 

2.5 

.380 

07.8 

.ISO 

68.5 

172 

71.4 


AND srXIXlABV 

Though it is generally accepted that Lofiler’s medium is the one of choice 
for routine culturing of C. diphtheriac from throat and nose swabs, the growth 
and cellular morphology of various strains of C. diphtheriac on different batches 
of this medium have been found so variable that errors as high as 50 to 75 per 
cent liavG oceurred at times. Unless Loffler’s medium is very carefuly prepared 
with particular attention to jiII, time, pressure, and air conditions during auto- 
claving, satisfactory batclios of this medium cannot be obtained. Every batch 
should be tested for final pll and for growth and cellular morphologj’ of select 
strains of C. diphtheriac. Even with such care, Lofllcr's medium is not cntirelj^ 
satisfactory, for overgrowth Ijy other bacteria often occurs and at times examina- 
tions are impossible due to liqucfnelion. Even wJion the medium is adjusted to 
insure optimum growth and cellular morphology for 0. diphtheriac, the identifi- 
cation of this organism on Lofficr’s medium alone cannot, in many instances, be 
made witli certainty. Tin’s makes it iioccssarx' for tlie laboratory to give 
suspicious or doubtful reports wliich are unsatisfactory botli to physicians and 
health officers. 

Serum tellurite agai’ plates liave been used routinely in the laboratories 
of the ilaryland State Department of Health for five years. These have been 
of such value that none of the more than a dozen bacteriologists who have become 
familiar with the use of this medium would want to depend solely on Lofilei s 
medium. The most important result from the use of tellurite plates has been 
the elimination of all suspicious or doubtful reports. Nervous strain, due to the 
tension of trying to decide if certain C. diphthcriac-Yikc bacilli are really diph- 
theria bacilli or diphtheroids, is eliminated. Colonies of C. diphtheriac can 
Usually be identified b 3 ' a simple inspection of the plates, though colonies should 
/ 3hvaj's be tran.sferred to slides for a microscopic check. The cellular morphology' 
cf C. diphtheiHae on tellurite medium, while different from that on Loffler s 
medium, is very cliaractcristic. Not only can C. diphtheriac be easily differenti- 
^ited from the diphtheroids but xvith experience those interested can learn to 
Identify tlie types {gravis, miiis, and intermediate) if necessary, with a higli 
degree of accuracy. 
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Tile tellurile medium described has also been found to be superior (in slant 
form) to Lbffler’s medium for use in specimen mailing outfits. It is easily pre- 
pared, adheres more tenaciously to tJie tubes, is not easily broken up, and is more 
resistant to contamination. It suppresses growth of liquefying spore-formers 
and many other bacteria, but permits the growth of C. diphthcria-c, hemolytic 
streptococci, and pneumococci. 

The accuracy of the direct smear in the laboratory diagnosis of diphtheria 
lias been carefully studied. During the last three years over half the swabs 
from cases of diphtheria have been positive bj' direct smear. During the past 
two years, only one direct smear reported as positive has failed to be confirmed. 
In many of these smears there was insufficient material for a proper examination. 
If the cooperation of physicians can be secured to get part of the necrotic tissue 
from the lesion on the swab, there is little question that positive results could be 
obtained in most instances. The direct smear in the hands of experienced work- 
ers is of utmost value. 

The incidence of nasal infections has been found very high. Nearly one- 
third of all cases had nose infections. The danger from spreading diphtheria is 
probably greater in children and adults with nose infections than in those with 
the site of infection only in the throat. This danger may lie paramount when the 
individual develops a cold. Routine cultures of the nose are .iu.st as important 
as cultures of the throat. 
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A NEW AND j\IOI?E PRACTICAL CULTURE TUBE DESIGNED FOR 
i’\IORE RAPID DIAGNOSIS*^ 


ImixG S. Bahksdalk, HLD., F.A.P.II.A., Gkke.vville, S. C. 


T he wise and timc-)jonorcd toachinfj for many years current in our American 
medical collejjcs — “If in doubt, give diphtlieria antitoxin!” — has been the 
result of the slower methods of culturing, growing, and recognizing by direct 
microscopic examination of the stained smear the Klehs-Ldfner bacillus from the 
nose and throat of suspicious cases. The use of tlic customary Lofilcr coagulated 
beef-blood slant has necessitated the lapse of at least twenty-four hours before 
the clinician could liavc the report from the bacteriologist, and nearly always 
such a delaj* without antitoxMn in positive eases is decidedly against the patient’s 
prompt recovery from diphtheria cind places tlie licart and other important 
organs in immediate jeopardy from the olTcets of the circulating, soluble diph- 
theria toxin which acts so quickly to do its irreparable damage. 

With the classic Ld/Tlcr slant now in common use. a lapse of fully twenty- 
four hours or longer was necessary for the bacilli to multiply in sufficient num- 
bers to be recognized by the usual staining and microscopy, because in this tj'pe 
of tube, tlierc is usually quite a large area of coagulated beef-blood slant and 
condensed moisture to be occupied by Ibc organisms for ready and accurate 
recognition in the finislied stained specimen. Such a long time was necessary 
between the taking of the nose and throat culture by the clinician and the labora- 
tory report by the bacteriologist because of one hindering factor — a small amount 
of nose or throat organisms on a small sterile swab in a large amount of culture 
media and a sufficient amount of time allowed for the organisms to multiply in 
sufficient quantities for the bactcriologic examination. Possibly a second delay- 
hig or hindering factor is often pi’csent in tlic stock culture tubes whether 
they be kept carefully in the laboratory under refrigei’ation or carelessly in the 
drug store on a counter or hot, dusty shelf, and that factor is inadequate or 
absence of moisture in the tube, which is such a common occurrence when the 
attempt is made by the manufacturer to dose the culture tube with the risual 
paraffined cork. 

Ever bearing in mind these delays in and hindrances to bacterial growtli. 
at the same time surmising any and all difficulties that might arise from physi- 
cians attempting to wait for the bactcriologic verdict, and ever bearing in mind 
the dangers of tlie culture tube without sufficient moisture for bacterial growth, 
We dared to depart from the use of the time-honored or classic Loftier slant and 
to change the method of making and preserving these culture tubes ratlier radi- 
cally. The amount of uncoagulated beef-blood serum in tlie classic Loffier slant 
''\as reduced from 5 to 8 c.c. in a medium-sized test tube to 1 c.c. or less in a 

•Prom the City Department of Health, Greenville. 
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vexy small container. Instead of using the customary small and rather tightlj- 
wrapped cotton-tipped applicator, we began to use a much larger and less tightly 
wrapped combination. Following these somewhat drastic changes we have a 
large amount of nose and tliroat secretion on a larger and more loosely wrapped 
cotton tipped applicator with which to inoculate a relatively much smaller 
amount of culture media sealed with fresh, tightly fitting rubber corks, the 
evaporation from which is almost nihil. Instead of inoculating the slant with 
the applicator and discarding the applicator, it was retained by breaking off tlie 
stick near the cotton tip and allowing it to remain in the water of condensation 
at the bottom of the slant when the culture tube is held in the upright position. 
Such inclusion of the original applicator insures the inoculation of the slant with 
all of the bacteria on the tip of the applicator. Using this relatively small 
volume of culture media and large amount of nose and throat secretions instead 
of the large volume of culture media and small amount of nose and throat secre- 
tions as in the old classic Loffler culture tube, the bacteriologic laboratory is en- 
abled to report to the clinician the microscopic examination of the stained slide 
in a very short time, after three to four hours’ incubation at body temperature, 
37.6° C. 

Method of Preparation of Cxdture Tube. — 1. The Loffler coagulated beef- 
blood medium (Difeo) is prepared in accordance with instructions on the label 
of the dehydrated product of the Digestive Ferments Co., with one exception — 
1 c.c. instead of 5 c.c. is placed in a very small rubber stoppered tube. 

2. One-half dram homeopathic vials or even smaller containers are used, 
slanted to the desired angle and sterilized in accordance with directions on 
the label of dehy^drated beef-blood medium. 

3. Soft, fresh, pliable, and tightly fitting rubber stoppers are first steri- 
lized in 70 per cent alcohol for fifteen minutes, and then placed in the auto- 
clave with large ends of the stoppei's u]! for sterilization with the culture media. 

4. The little vdals must be stoppered immediately’’ to prevent the loss of the 
water of condensation in them. If only^ a small amomit of water of condensation 
remains, a few drops of sterile water must be added before stoppering. 

5. Store with or ivithout refrigeration, tightly stoppered. 

Method of Taking the Culture, Incubaiion, and Practical Advantages of 
the Yial Loffler Culture Tube. — 1. Nose, throat, and other cultures (as this 
medium can be used for general purposes) are taken in the usual manner. 

2. The end of the culture swmb is broken off short and left in the bottle 
to conserve all bacteria from the original culture. 

3. The rubber stopper is then placed in tightly^ to prevent loss of moisture. 

4. Incubate for three to four hours at 37.6° C. After this time there are 
large numbers of bacteria in sufficient quantities for the diagno.sis to be made 
from the stained slide microscopically'. 

SUJIMARY 

1. The disadvantages of the conventional, old type Loffler coagulated beef- 
blood slant have been put forth, the principal disadvantage being due to the 
length of time necessary between the taking of the culture by the clinician 
and the final report of the bacteriologist. 
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2. Tlio principal advantages of the new vial type Liiiller culture tube 
are clue to a relatively large amount of nose and throat secretion inoculated 
into a small amount of culture media, the bacteria of wliicli have multiplied 
in sufficient numbers to enable necurate baeteriologie diagnosis in from three 
to four iionrs; the necessity of conserved moisture of condensation in the 
tube has also been diseussed. 

3. The method of preparation of the culture tube has also been given in 
detail, and certain technical precautions have boon mentioned. 

4. The method of taking the culture, incubation, storage and practical 
advantages of the vial LiiUlcr coagulated beef-blood slant have been described in 
detail. 

I am very eratefu! to FranU P. Simpson. Aliccn Carlisle, Gladys K. ^^ul!cnix, R. N., L. 
Bates Fustcr, R. N., Florence L. nml a number of our local physicians for their 

technical assistance In tlie Introduction and use of the vl.al LOfOcr culture tube for the more 
rapid baeteriologie diagnosis of certain Infections. 


OBSERVATIONS ON JIACCONKEY’S AND DESOXYCHOLATE- 
CITRATE agars for THE ISOEATION OF DYSENTERY BACILLI* 


J. V. Irons, Sc.D., S, W. Bohls, JI.D., Theliia DeShazo, B.S., and 
L. L. Hbuxett, B.A., Austen, Te.xas 


TN RECENT years culture media appear to liavc been more improved for the 
^ isolation of tj-plioid than of dyscnteiy bacilli. Lcifson’ devised desoxycholate- 
citrate agar for tlie i.solation of Plexncr and Selimitz dysentery bacilli. Paul- 
son* reported that plain desoxycholate and dcsoxycbolate-citrato agars were 
superior to Endo’s and eosin-metbylenc blue agars for the investigation of 
irfectious bowel disorders. Hardy and Watt* have confirmed these obseiwa- 
tions, particularly as they applied to the isolation of Flexner bacilli. Recent 
modifications of Wilson and Blair’s medium by Tabot“ have failed to render 
tins medium satisfactory for growth of dysentery bacilli. Jones* found bril- 
liant green-eosin agar quite inferior to MacConkey’s agar for tlie isolation of 
dysentery bacilli. Our purpose is to record some experiences with and observa- 
tions on the comparative value of JIacConkoy’s and deso.vycholate-citrate agars 
for the isolation of dysentery bacilli from stools in cases of acute diarrheal dis- 
orders. 


procedure 

Peeal specimens nnpreserved or diluted in 30 per cent glycerol saline solu- 
tion were seeded on plates of the two media. Although on occasion we have 
prepared our own media, we have generally relied upon the dehydrated products 
bearing Difeo or BBL labels.! Usually two plates of each medium were em- 

•From the Laboratories of the Texas State Pepartment of Health. Austin. 

Received for publication. January 20, 1939. 

products -were obtained from the Dlfco Laboratories, Detroit, and the Baltimore 
"‘oioglcal Co.. Baltimore. 
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Table I 


Groivtii on Desoxyciioiate-Citkate Agar 



description op growth in twenty-four to porty-eigiit hours 


LEIFSON 

IKONS AND associates 

B. coli 

Usually considerably inhibited; col- 
onies slowly turned red 

Usually strongly inhibited; colonies 
slowly turned pink or red 

Aerogenes 

Usually considerably inhibited; mu- 
coid colonies witli pink centers and 
colorless peripberies 

Usually considerabl)' inhibited; niu- 
coid colonies slowly turning pink 
or red, especially at center 

Enterococci 

No growth 

No growth 

.flkaligenes 

Usually no growtli, or strongly in- 
hibited 

Greatly inhibited, or very small color- 
less colonies 

Pyocyaneus 

Large slightly grayisli-grecn colonies 

Large grayish or olivc-colorcd col* 
onics 

Proteus 

Smooth, noiispreading, colorless col- 
onies ; some strains slightly in- 
hibited 

Smootli, nonspreading, nearly oolor- 
le.'JS colonies 

Yeast and 
molds 

Many grew well 

Slight inhibition of some; many grew 
luxuriantly 

B. morgani 

Complete inhibition 

No giowtb, or very small colorless 
colonies 

Tj-phoid 

Fairly largo, translucent, colorless col- 
onies; some old strains inhibited 

No inhibition of recently isolated 
strains; translucent, colorle.s.s col- 
onics 

Paratyphoid 

Large, colorless, translucent or opaque 
colonies; data incomplete 

No recenUy isolated strains tested j 
stock cultures varied 

Dysentery 

(Plexner) 

Fairij* iflrge, colorless, /ypaque col- 
onics 

All recently isolated strains lime 
grown well; colorless opaque col- 
onies 

Dysentery 

(Alkaleseens) 

No growth 

Marked inhibition 

Dysentery 

(Shiga) 

Stock cultures did not grow 

Stock cultures were suppressed 

Dysentery 

(Duval- 

Sonne) 

Poor growth 

Some recently isolated strains gre'\ 
poorly 

Dysentery 

(Schmitz) 

Good growth 

A stock culture was suppressed 


!)ioycd per specimen. A much larger inoeuhim mtis permissible on clesoxyelio- 
lute-eitvutc than on HlacConkey 's plates. Suspicious colonies were .subculUH'cd 
on Bussell's and other differential media. Fermentation of rhamnosc and 
dulcitol was helpful, that of the former for early separation of Duval-Sonnc 
bacilli and that of the latter for early separation of alkaleseens bacilli, from the 
Flexner group. In evei’y instance, however, final identification re.sted upon 
specific agglutination tests. 


EXPERIMENTAL 

On jMacConkey’s agar most enteric organisms grow luxuriantly. Since 
nonlaetose fermenters grow much alike, differentiation by inspection is rela- 
tively impractical. :Most nonlactose fermenters grow readily in colorless or 
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Table II 


CoMrARATi\'E Results on Selected Stools Cultuhed on KacConket’s and 
Desoxyciiolate-Citratb Aoars 


NO. 

SOURCE 

MAC rONKF,Y*R 

DESOXYriJOLATE-CITRATE 

2S5 

Bloodj* 

dj'fcntory 

Nmueroiis colon and fl or 6 Flex- 
ner colonies 

A few colonies of netogenes and 
numerous colonics of Flexner 
bacilli 

2SG 

Bloody 

dysentery 

Numerous colon and .T or 4 Flex 
nor colonics 

ifany small lactose fermenters and 
about 50 Flexner colonies 

117 

f^udden 

diarrhea 

Numerous colon colonics; nonlae- 
tosc-formentinfr colonies not 
found on 3 plates 

Ten or 12 Flexner colonies and a 
few colonies of aerogenes 

851 

Bloody 

dypcntcry 

Numerous Flexner and colon col- 
onics 

Numeroms FJe-vner, acrogeaes, and 
pin-point colonies 

904 

Bloody 

dysentery 

Numerous colon, many profeus and 
alkaligenos colonies 

Numerous protcus, pin-point and 
unidentified opaque colorless 
colonies 

642 

Sudden 

diarrhea 

Numerous colon, alkallpencs, and 
several unidentified colonics 

Numerous pin-point and unidenti- 
fied colorless colonies 

9GG 

Sudden 

diarrhea 

Numerous colon and several Flex- 
nor colonies 

'J^everal l.argc graysh colonies; 
many pin-point and many Flex- 
ner colonies 

057 

, Sudden 
diarrhea 

Numerous colon, a few protons, 
and 2 or 3 Flexner colonics 

Many colon, proteu«, and several 
j Fle.xner colonies 

42G 

1 Bloody 
! diarrhea 

Numerous colon and a few Dui-al* 
Sonne colonics 

1 .M.'iny pin-point colonies; dysea- 
1 tery colonies not found 

287 

Sudden 

diarrhea 

Several colon, many pyocyancus, 
and some other unidentified col- 
onies 

' Very heavy growth of pyocj’aneus 

1 colonies 

180 1 

Sudden 1 

diarrhea 

Numerous colon colonies; nonlac- 
tosG fermontinc colonies not 
found 

•Several Flexner colonies and small 
colonies of lactose fermenters 

512 

Severe 

diarrhea 

Numerous colon .and a few protcus 
colonies; Flexner colonies not 
found 

About 2 doren Fle.xner and many 
unidentified colonies 

820 

Sudden 

nausea 

and 

diarrhea 

Several alkalesccns dysentery and 
many colon colonies 

A few colonies of aerogenea and 
pin-point colonies 

146 

Sudden 

severe 

diarrhea 

Many colon and several Flexner 
colonies 

Many Flexner and some unidenti- 
fied colonies 

856 

No data 

Numerous colon but Flexner col- 
onies not found 

Two or 3 Flexner colonies and 
several colonies of aerogenes 


yellowish colonies surrounded by a clear zone, while lactose fermenters form 
fed or pink colonies surrounded by a cloudy zone. 

Prom the results as shown in Tabic II, it is evident, where Flexner bacilli 
were recovered, tliat in nearly everj' instance growth was more abundant on 
desoxycholate-eitrato than on JIacConkey’s agar. Flexner bacilli would not 
'lave been found in Nos. 117, 180, 512, and 856 if deso.xyeholate-citrate agar 
had not been employed. Specimen No. 820 is interesting since it apparently 
involved a rather severe case of B. aUalescens food poisoning. 
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During the past several months 59 stools have been received from 49 
individuals, suffering from bacillary dysentery or diarrhea of sudden onset, 
and considered possibly suitable for cultural study. Dj'sentery bacilli were 
obtained from 39 specimens. One alkaleseens and tivo Duval-Sonne cultures 
are included. Evdamcha histolytica ivas found in only one of these specimens. 


Table III 

Comparative Findings With Regard to Flexner Cultures 


NO. OF EXAMINATIONS 

CULTUUES FKOil MxVGCONKEY^S 
AGAR 

CULTUr.ES FRO.M DESOXY- 
CIIOLATE-CITKATE AGAR 

56 

20 or 36% 

35 or 62% 


It is interesting to note that in only one instance were Flexner bacilli found 
on MacConkey’s when the corresponding desoxycholate-eitrate plates gave a 
negative result. 

Colonies supei’fieially resembling those of dj’sentery bacilli, but which 
obviously lacked other cultural characteristics of the gi’oup, frequently were 
found in large numbers on desoxycholate-eitrate plates. This disadvantage can 
be largely surmounted, we believe, by insisting on avoidance of gross contamina- 
tion in collection of specimens. 

Organisms having cultural and fei'mentative reactions characteristic of 
Flexner dysentery bacilli, but lacking in agglutiuabilit}^ were rarely found. 
Antisera prepared against two locally obtained and carefully identified Flexner 
cultures generally sufficed for identification of new cultures. Frequently these 
two antisera gave only a sliglit cross agglutination. 

DISCUSSION 

During the course of this investigation Flexner bacilli were most frequently 
encountered and for their isolation desoxycholate-eitrate agar definitely was 
supei’ior to iMacConkey’s medium. This superiority seemed to depend upon 
inhibition of colon bacilli by desoxycholate-eitrate medium, consequently per- 
mitting a relatively heavier seeding than was possible on hlacConkey’s medium. 
We have given considerable attention to descriptions of colonies, particularly 
those which are most often to be considered in inspecting desoxycholate-eitrate 
plates, since unfamiliarity with t.vpes of growth and colonial characteristics is 
likely to be an important source of error and discouragement. 

Since neither of two recently isolated Duval-Sonne cultures grew appre- 
ciably on desoxycholate-eitrate medium, it will require further study to deter- 
mine whether this medium is most suitable for cultivation of Duval-Sonne 
bacilli. The suppression of alkaleseens bacilli on desoxjmholate-citrate medium 
may not be advantageous if one departs from the usual vieivpoint and considers 
these organi!;ms of frequent significance. 

All strains of dysentery bacilli, including stock cultures, w'hieh we have 
tested, have giuwn well on lilacConkcy’s medium. We have found that it was 
wise to do confii’matory tests with colonies obtained from MaeConkey’s plates, 
or to use the utmost care in picking colonics from desoxj'cholate-citrate plates 
from Which mi-xed culture.s are all too easily obtained. 
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We have not encountered non-mannitc-formcnting species, such as Shiga 
and Sclimitz bacilli. None of our unidentified cultures were Newcastle bacilli. 

COXCLUSIOXS 

The clinical consideration of acute diarrlical disorder should include bac- 
teriologic investigation. In this study Flexner dysentery bacilli wore cultured 
from a high percentage of stools obtained from patients suffering from acute 
diarrheal disorders. Dcsoxycholatc-citratc medium was superior to iMacConkey ’s 
agar for the isolation of Plexner dysentery bacilli. 

Dcso.xi’cholate-citrate agar should be used in conjunction Nvith a less re- 
strictive medium in the quest for dysonlory bacilli. Where typhoid and para- 
typhoid bacilli arc to he sought, other and more suitaido media for this purpose 
should be used. 
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BLOOD TIPPING AND CROSS MATCHING WITH PLASMA AND 
oxjVlatbd erythrocytes* 


Titus B. Ray, IMuxcie. Ixd. 


|~\URING the past year 1 have typed and cross-matched 750 blood specimens 

with oxalated erythrocytes and plasma along with the routine method 
employing serum and cells, Tlie blood was obtained by venipuncture and 
oxalated. Two or three drops were pipetted into a tube containing approxi- 
mately I c.c. of 3.5 per cent sodium citrate. Tiic tube containing the oxalated 
blood was centrifuged for four minutes. The plasma was in one tube, and 
Oxalated' erythrocytes were suspended in 3.5 per cent sodium citrate in another 
tube. The procedure from then on was carried out as when using serum and 
cells. 

Adva7itages.—1. With 750 blood samples I found a more rapid I'caction 
present than when serum and citrated blood were used. 

2. In doing routine work (such as complete blood counts, blood .sugars, 
etc.) b lood typing with oxalated blood and serum is very convenient. 

•From the Ball Memorial Hospital, Muncie. 

Recei\ed foi* publication, January 30, 1939. 
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3. In typing I have been using known types 2 and 3 plasma, 1 iimi 
that the plasmas have higher titers than the known types 2 and 3 sera. 

SUMMARY 

1. Seven hundred fifty specimens of blood were grouped and cross-matched 
using plasmas and oxalated erythrocytes suspended in 3.5 per cent sodium 
citrate. 

2. These blood groupings and cross-matehings Avere checked Avith the usual 
routine method using blood sei-um and cells suspended in 3.5 per cent sodium 
citrate. 

3. Identical results Avere obtained Avitli each method, with a more rapid 
reaction using the plasma and oxalated erythrocytes. 


A RAPID TECHNIQUE FOB SYPHILIS TESTING WITH 
FINGER BLOOD^ 


Paul L. Kirk, Ph.D., and Cliptok Bennett, B.A., Berkeley, Cawp, 


' I HIE simple and comparatively rapid ■modifica don of tlie Kahn test for 
syphilis, Avhich Avas dcA'eloped by Laughlen,^ is increasingly becoming 
recognized as a dependable technique by clinical laboratories. Robinson anti 
Stroud' confirmed its accuracy and there can be no doubt of its relatiAm ease 
and speed as compared Avith other microtests, such as that of Kline,® and 
Eagle and Brand."* Detailed techniques for easy and rapid testing Avith finger 
and ear blood have not been described except in a fcAv instances.'** “ These 
haA’e not been as simple or as fast as the method described here, which Avas 
adapted from that preA’iously dcA’cloped® for use Avith quantitative drop analy- 
sis of finger blood. Since the Laugbleu test seemed ideally adapted to use 
Avith small blood samples, it Avas used as the basic testing method. The com- 
plete method here described yields final resnlts Avithin a maximum of tAventy 
minutes from the time of receiving a patient, and this time may often he ap- 
preciably shortened Avithout sacrificing any step of the test. The adA’antagc 
of this rapidity in ease of emergency blood transfusions, as Avell as the general 
desirability of using capillary blood, e.g., Avith infants, is obvious. The .sim- 
plicity of the technique make.s accurate re.sult.s aA’ailable even to the relatiA'cly 
inexperienced operator. 

experimental 

Tavo to 4 small drops of blood (approximately 0.1 c.c. or less), obtained by 
puncture of the finger or ear, Avere collected in a microcentrifuge cone of stand- 
ard shape, 25 mm. in length and G mm., in external diameter, the total capacity 

*Prom the Division of Biochemistry. 'Oniver.slty of California Sledlc.al School. .Alile'1 bj a 
Kfant from the Kesearch Board of the University of C.illfornl.-i. 

Received for publication. Januarv- 20. 1939, 
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of wilieli wjis lint more tliaii 0.2 ml. Tlie cone was dropped into tlie cup of 
an air-driven microceiitrifii"e previously de.scribcd,“ capable of running at 
about 25,000 r.p.iii.* The tube did not rcfiiiire balancing, but was coimter- 
weigbted by a similar tube in the opposite cup. Tbe maeliine was run for 
three to four minutes, giving in that time ample amounts of clear serum. 

The serum could be handled e.vaetly as in the Laughlen procedure in which 
1 loopfu! of serum is added to 2 drops of antigen. In this study a slight modi- 
fication was introduced by tbe use of capillary pipettes of approximatelj- known 
volumes for all measurements. That used for measuring antigen delivered 
about twice the volume of that used for serniii, i.e.. about 0.04 ml. of antigen 
and 0.02 ml. of serum. Tbe antigen was first measured rougbly into tbe depres- 
sions of a spberieally ground slide, or better, two of tbe depressions of a 
porcelain spot plate. The .serum was added to one of the drops of antigen, 
and a known negative control scrum added to tbe other in all cases. The 
slide or .spot plate was rotated in the hand to mix tbe serum and antigen 
thoroughly, and the time between additions of serum and appearance of 
visible clumping was noted. Usually visual observation was sufficient. In 
doubtful cases c.xnmiiiatioii with a .strong lens or the low power of the micro- 
scope was helpful. No actual disagreements were ever found between the 
two methods of ohservatiou. If no coagulation appeared in ton minutes, the 
te.st was negative. Strong iios-itive reactions aiipeared in some cases within 
one minute. Tests appearing within five minutes were considered + + + +, 
or very strong. 

One hundred and twenty-five positive bloods obtained from the Cali- 
fornia State Public Health laboratory and the Clinic of the University of 
California Hospital were tested along with an eipial number of known nega- 
tive controls from various sources. In addition to k-nown negative controls 
a eonsiderable number of test blood samples found negative by the Kahn 
test were run along with their corresponding controls. Tbe correlation with 
the results of the Kahn test run in the laboratories mentioned was exact in 
all but three cases, in all of which faint positives were obtained by this 
technique and negatives given by the Kahn test. This compares almost 
exactly with the results reported by Laughlen* and by Robinson and Stroud," 
though the number of cases was too small to expect an exact statistical cor- 
relation. 


Some results "were obtained from saline extracts of dried blood and 
these were also exact as cheeked w'ith hospital data. 

The evidence here reported indicates that a dependable and simple test 
for sj-philis may be easily nm in a total of twenty minutes or less, with 
finger or ear blood, using the Laughlen antigen and a small high speed 
Centrifuge. 


•Obtainable fiom Mfcrochemical Specialties Co.. 2112 Berkeley tVay. Berkeley, Calif. 

are due the Lederle A .... PPly of j^aolutely 

iHibHt? w ® antigen; to the University ' ' t 

ofthp Laboratory for syphilitic blood ^ 

e .Mount Zion Hospital of San Fr.ancfsco, Ie\eIopinent 
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THE DIAGNOSIS OF TUBERCULOSIS BY CULTURE AND GUINEA PIG 

INOCLR.ATION’' 


Certain JIethods Employed at the Los Angeles County General Hospital 


An, SON Hoyt, M.D., Frances Holtzwart, A.B., Barbara Kuntzner, A.B., and 
Roy T. Fisk, Ph.D., Los Angeles, Calif. 


I NOCULATION of guinea pigs for the diagnosis of tuberculosis has long been 
regarded as a method of great value and sensitivity. Cultural diagnostic 
methods have, however, only come into prominence within recent years. This 
report involves mainly the comparative results of diagnostic cultures and guinea 
pig inoculations for tlie identification of Mycobacterium tuberculosis that were 
run in parallel at the Los Angeles County General Hospital over a period of 
seven years (October 21, 1931, to October 21, 1938). Many types of specimens 
were submitted for diagnosis. Among these were the following: 

(a) Sputum. These specimens were generally supposed to come from 
patients whose sputum had been negative for acid-fast rods on six smears. 

(b) Urine. This was sometimes bladder specimens and sometimes cathc- 
terized separate samples from the right and left ureters. 

(c) Feces, pus from draining abscesses or sinuses, biops}'^ or aiitops}'" tissue 
siiecimens. All the above ty^pes of material were generally regarded as contam- 
inated with organisms other than M. tuberculosis and were, therefore, treated 
to get rid of these contaminants before culturing and often also before animal 
inoculation. 

(d) Specimens potentially sterile save for possible presence of M. tubcrcu- 
losis. In this class were included spinal fluid, pleural fluid, peritoneal fluid, 
and fluid or pus aspirated from joints or other closed cavities. These speci- 
mens were generally not treated for contaminants but were inoculated as re- 
ceived into cultures and guinea pigs after a preliminary Gram stain had failed 
to disclose contaminating organisms. 

•From the L-ihoratorles of the Lo.‘! Annelc-s County General Hospital and tlic Department 
of BactcrioioiD'. School of Medicine. University of Southern California, Ixi.s .■\.np:clc.». 
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Hcrrold’s medium was mainl 3 - cmplo.vcd foi' tlic cultures. Tliis egg j-oU; 
agar medium was made up at first according to Ilerrold’s original description.' 
Later the j’olks of two eggs, instead of one egg .volk, were added to 150 c.c. 
of agar. Tiie teclinique of making cultitrcs, altliougli modified sliglitlj' from 
time to time, was in elTect as follows: 

JIaterial to be cultured was mixed with from one to two volumes of 5 
per cent oxalic acid. This mixture was shaken vigoroush- by hand and in- 
cubated at 37° C. for a period ranging from forty-five minutes to two hours 
during which interval it was shaken several times. After incubation the mixture 
was neutralized with sterile 10 per cent sodium hydroxide to which bromthymol 
blue had been added as an indicator. The alkali was added until the indicator 
just remained slightl.v blue (approximately pH 7.0). When the volume of the 
specimens permitted, this acid treatment and neutralization were performed in 
sterile 50 c.e. centrifuge tubes. With larger specimens this preliminarv treat- 
ment was performed in sterile fiasks and then iiourcd into centrifuge tubes. 
After neutralization the material was ccnti'ifugcd at approximately 2200 r.p.m. 
for a minimum of thirty minutes. The supernatant liiiuid was discarded, and 
the sediment was used for making cultures and guinea jiig inoculations. The 
cultures wore run in triplicate and approximately 0.2 e.e. of the sediment was 
inoculated into each tube. Tlie culture tubes were tlien placed on a rack in 
the incubator so that tiie slanted surfaces of the culture medium were level and 
the inoculated material maintained its distribution over the surface of each 
slant. At this time of primary incubation the culture tubes were plugged 
with cotton or, in later instances, with sterile unparaffined corks. After about 
four days, however, when the inoenlum had dried sufficiently to remain fixed 
on the slants, lightlj- paraffined sterile corks were substituted for the cotton 
plugs (or unparaffined corks) of the culture tubes in order to minimize further 
diying, and the three tubes of each culture were fastened together with a rub- 
ber band and .stored upright in the incubator. The cultures were inspected 
grossly twice a week, and characteristic colonics were stained by the Ziehl- 
Neelsen method. Treatment with acid and subsequent neutralization were often 
omitted in the case of uncontaminated material. 

Guinea pigs were inoculated cither intra])eritoneally or subcutancousl}’ in 
the groin, and the volume of the inoculum generally apiu-oximated 1 c.e. The 
latter method of injection appears preferable as with it one maj’ often be able 
to demonstrate acid-fast rods in pus from a local lesion long before the general 
health of the pig begins to be affected. A .small proportion of the pigs was 
tested with tuberculin before inoculation. The ideal procedure would be to 
make this a routine test. It wa.s usually po.ssible to keep the animals in individ- 
ual cages, but at times the pigs had to be placed two in a cage. The pigs were 
generally examined for local lesions or swollen inguinal l.vmph glands at weekly 
intervals beginning at a period four rveeks after inoculation. Wlicn pus could 
be e.xpresscd from a local lesion, this was smeared and examined for acid-fast 
rods. In all events the pigs were billed and autopsied at the end of eight or 
nine weeks after inoculation. A pig was declared positive for the presence 
of iff. Uiberculosis only when tj-pieal gross lesions were presented and when 
smears or stained sections from these lesions showed the presence of tr-pical 
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acid-fast rods. Stained sections were made only when smears proved to be 
negative. Very oeeasionallj- it was impossible to demonstrate aeid-fast rods 
either by direct smear or by section. In this case, if the lesions showed micro- 
scopic tissue changes suggestive of tnbei-cnlosis, a report of the probable pre.s- 
enee of M. iiiicixulosis was turned in. 

In the seven-year period covered by this report, 2,439 specimens were tested 
for the presence of M. hiherculmis by cultures and guinea pig inoculations run 
in parallel. With few exceptions, only one guinea pig was used on a specimen, 
whereas 3 culture tubes were inoculated. Out of these 2,439 tests, 345 were 
positive by animal inoculation, culture, or both mctliods. Table I shows the 
distribution of these positive results. 


Table I 

Distbibutiox or .345 Positive Tests fok the Presexc-e of M. Tuberculosis 




BOTH CULTURES 

GUINEA PIGS ■ 

GUINEA PIGS 

guinea pigs 

cultures 

AKD GUINEA PIGS 
POSITIVE 

POSITIVE 

NEGATIVE 

POSITIVE 

POSITIVE 

CULTURES 

NEGATIVE 

CULTURES 

POSITIVE 

301 

242 

198 

103 

44 

S7% 

70% 

57% 

30% 

13% 


The resiilts of these tests add evidence to the following suppositions which 
are upheld by many workers. 

(a) Neither giiinea pig inoculations nor cultural methods are infallible 
tests for the presence of M. tuberculosis. Both methods should be run in parallel 
whenever possible. 

(b) Guinea pig inoculation appears to be a more sensitive method than 
culturing for the detection of M. tuberculosis. 

In an attempt to determine upon a suitable culture medium, a series of 
parallel cultures of different specimens was run using both Herrold’s egg agar 
medium and Corper's gentian violet potato medium.- By the time 24 specimens 
had grown up on Herrold's medium only 9 were positive on Corper’s potato 
medium. Herrold's medium was then likewise compared with Corper’s in- 
spissated glycerol egg yolk medium.® Herrold’s medium again came out ahead 
with 16 positive results against 8 for Corper’s, After this comparison, Herrold’s 
medium was used almost exclusively. 

Herrold's medium can be very easily prepared. It has, liowever, certain 
theoretical disadvantages. 

(a) It can be easily contaminated and contamination can sometimes occur 

by organisms originating within the egg inasmuch as this medium is not sterilized 
after the egg yolk is added. This objection has not proved serious in our ex- 
perience, and very few batches of culture medium appear to have become con- 
taminated in this manner. ■ • 

(b) Egg yolk media dry out fairly easily. This tendency has been mini- 
mized by the u.se of paraffined eoriis as already described. 

(c) Certain eggs may be infected with avian tubercle bacilli. If 
efTfrs are used for making Herrold’s medium, and the medium ’is then incubated, 
colonies of acid-fast rods may appear on it which are' morphologically indis- 
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tinguishable from Immnn or bovine strains of jV. Uiberculosis. In order to check 
on this possibility 7 of tiic positive enltiires, in instances wliere the correspond- 
ing guinea pigs remained negative, were reinoculatod into fresli guinea pigs, 
and all of tlieso animals developed typical tuberculosis. AVe are aware, how- 
ever, that vai'ious acid-fast saprophytes may at times grow up on cultures and 
confuse the observer. This is an oeonrrcnce which can be more easily con- 
trolled if cultures and pigs are run in parallel. 

Positive results generally appear faster by culture than following guinea 
pig inoculation. Table II shows the distribution of times required for cultures 
and guinea pigs to become ])Ositivc. 



Table n 


Distribution or Time Intervals Required for Cultures and Guinea Pigs to Snow the 
Presence of M. Tuberculosis 

CULTURES 

TIME INTERVALS 

guinea pigs 

5(2 per cent) 
7(3 per cent) 

46 (19 per cent) 

75 (31 per cent) 

47 (20 per cent) 

42 (17 per cent) 

13 ( 5 per cent) 

5 ( 2 per cent) 

2 ( 1 per cent) 

Less than 2 weeks 

2 weeks 

3 weeks 

4 weeks 

5 weeks 

C weeks 

7 weeks 

8 weeks 

More than 8 weeks 
Unrecorded times 

7 ( 2 per cent) 

D ( 3 per cent) 

:i7 (12 per cent) 

C2 (21 per cent) 

15S (53 per cent) 

28 ( 9 per cent) 

242 

Totals 

301 


The use of cultures as a routine diagnostic method for tuberculosis requires 
considerable c.\perioneo in order to obtain the best results. This is broug t 
out in the scries here reported when the 345 tests positive by culture. S'!™®® 
pig inoculation, or both methods (Table I) arc divided into (a) the first 150 
positives and (b) the last 195 positives, upon which it appears that 93 out 
of the first 150 tests, or 62 per cent, gave positive cultural results, whereas 
149 out of the last 195, or 76 per cent, showed growth of acid-fast rods on cul- 
ture. The earlier records of our results fail to show the number of cultures 
that were reported as negative for M. tuberculosis because they had become 
contaminated by extraneous organisms introduced with the inoculum. In the 
last group of 1694 cases, however, 38 cultures (considering the 3 tubes as one 
culture) or 2 per cent of this series had to be discarded due to such contamina- 
tion. 

Guinea pig inoculation did not prove as uniformly efficacious a method 
for the identification of Af. tuberculosis as we had previously considered it to 
te. In the first 150 of the 345 positive tests 139, or 93 per cent, of the pigs 
were positive, but only 162 out of the second 195, or 83 per cent, gave positive 
results. This drop in the efficiency of the guinea pig method as the series 
progressed was disappointing. It can probably be explained in part by the 
fact that an epidemic was killing a good many of the hospital’s supply of pigs 
for a time and that, therefore, a number of pigs died too soon after inoculation 
to show definite positive or negative results. It was obvious, however, that 
every so often positive cultures would correspond with a pig that appeared 
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quite normal when autopsied eight weeks after inoculation; and, as slated pre- 
viously, certain of tliese cultures on reinoculation into other guinea pigs pro- 
duced tjqiieal tuberculosis. It is possible that these discrepancies may be ac- 
counted for liy the distribution of organisms in the original suspected material. 
Our laboratoiy had no shaking machine to thoroughly homogenize the original 
specimens. A thorough shaking of these specimens with the acid used to elim- 
inate contaminants should, in our opinion, eliminate a fair percentage of tlic 
discrepancies encountered between culture and guinea pig inoculation. 

Slurphj* and Duerschner^ (1938) reported a carefully performed compari- 
son between the efficacies of cultural and guinea pig inoculation methods for 
the diagnosis of tuberculosis. They used slants of Petragnani’s medium and 
inoculated them in triplicate with a total volume of material equal to that 
which was injected into the corresponding guinea pigs. Their results indicated 
that the cultural method possessed a sensitivity slightly greater than that shown 
by the method of guinea pig inoculation. One per cent of their complete cul- 
ture sets had to be discarded due to contamination. They noted that the cul- 
tures became positive by microscopic examination about one week before macro- 
scopic colonies appeared. 

The results herewith reported do not uphold the contention that cultural 
methods are more sensitive than the inoculation of guinea pigs for the detection 
of ill. hiherculosis. In evaluating our results, however, it must be remembered 
that the guinea pigs generally received larger volumes of inoculated material 
than that placed into the corresponding culture sets. When our positive tests 
are broken down into different groups of 50 consecutive cases, the following 
results obtain : 


CASES 


POSITIVE GUINEA PIGS 

POSITIVE CULTUKES 

First 

30 

47 

31 

Second 

50 

46 

31 

Third 

50 

46 

31 

Fourth 

50 

38 

40 

Fifth 

50 

41 

34 

Sixth 

50 

47 

41 

Last 

45 

36 

34 


If the fourth 50 cases had been studied alone one would gain the impics- 
sion that culturing was the most sensitive method, although the whole seiies 
gives evidence in favor of the guinea pig technique. It is possible that le 
series of Slurphy and Duersehner might also have pointed in this direction lia 
it been somewhat larger. The routine weekly microscopic examination of cu - 
turcs before the appearance of gross colonies, as performed by Murphj am 
Duersehner, would appear to be an excellent technique to follow if time per- 
mitted. 

One of us (Fisk) working in the laboratory of the contagious unit of the 
hospital, lias developed a method of culturing spinal fluids ivhich has piwe 
useful in grondng out many infectious agents including M. hihcrcndosis. 
spinal fluid from a case of suspected meningitis is centrifuged at high spec or 
approximately thirty minutes. The supernatant liquid is discarded, and ica 
•infusion broth containing 20 per cent filtered inactivated human serum is 
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poured ovei' llie sediment. The lube is then tiglitly corked and incubated. 
Among the patliogenie agents recoverable from siiinal tluid by this method are 
meningococci, alpha and beta streptococci, staphylococci, pneumococci, H. in- 
fluenzae, diphtheroids, CoccidwitJes immitis, and Mycohactenum tuberculosis. 
Jlost of tlicsc organisms apiicar rajiidly. . 1 /. tuberculosis, however, takes two 
weeks or more to develop gross colonics. Tlie.se colonics grow in the bottom of 
the culture and look like little flecks of wax. On smear they are composed of 
typical acid-fast rods. Several of these iiositivc cultures have been inoculated 
into guinea pigs and have always brought about typical tuberculosis. All cul- 
tures positive for M. tuberculosis have corresponded to cases that were diagnosed 
as tuberculous meningitis either clinically or at autopsy. A large control series 
of spinal fluids taken from cases of \-ariou.s typp.s of encephalitis, poliom.velitis, 
and various forms of nenro-syphilis have failed to show growth of ill. tubercu- 
losis or other saprophytic acid-fast rod.s. This method for culturing many types 
of pathologic spinal fluids is reported here because it works very well in the 
case of tuberculous meningitis and because of its general applicability. 

SUMMARY 

Parallel cultures and guinea pig inoeuintions for the identification of 
Mijeobactcrium tuberculosis were run over a period of seven years. The animal 
inoculation method appeared to be the most sensitive. However, neither cul- 
tural nor animal inoculation methods were absolutely reliable, and it is sug- 
gested that both be performed as a check on one another whenever possible. 

A .simple method for ctdturing spinal fluid is described. This method 
favors the growth of many pathogens including Mi/cobactcrium tuberculosis. 

We ffratefully acknowlodgo personal advice coneernmp the laboratorj’ diagnosis of 
tuberculosis from Doctors H. J. Corper, Joseph E. JPottcnjrer, C. Richard Smith, and Emil Bogen. 
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DESIONSTRATION OF RABIES VIRUS IN GROSSLY DECOMPOSED 

ANiaiAL BRAINS* 


S. Edw^vrd SuLiaN, Ph.D., and Nathan Nagle, A.B., St. Louis, Mo, 


P UTREFIED brain tissue is usuaify difficult material in wbieh to demon- 
strate Negri bodies^ and for this reason the diagnosis of a decomposed brain 
b.y microscopic examination is unreliable. It is obvious, therefore, that a suit- 
able and rapid animal inoculation method is desirable in order to obviate these 
difficulties. Only few attempts, however, have been made to sterilize decom- 
posed animal brains without alfeeting the virus which is knoAvn to remain viru- 
lent in putrefied brain tissue for sevei'al days or even months.^’ ^ Mazzei,* for 
example, was able to demonstrate rabies virus in Berkefeld filtrates of tissue 
which had undergone putrefaction for sixty-three days. Other investigators'- ' 
have also successfully filtered rabies virus, but due to the inconsistency of the 
results this method is impractical in a health depai’tment laboratoiy. 

In order to attempt isolation or demonstration of virus in decomposed 
brains it became necessary to remove the bacterial contaminants from the putrid 
material since intracerebral injection of such material into mice invariably pro- 
duced death of the animal from intereurrent infection or from brain abscess. 

In the preliminary' experiments several bactericidal agents, including 
merthiolate, glycerin, phenol, and ether, were tried in an effort to find one 
which would sterilize the heavily infected inoculum vdthout appreciably affect- 
ing the virus. Ether used according to the method suggested by Kramer and 
his associates," Paul and Trask,® and others, proved to be the most desirable 
agent because its extreme volatality permitted prompt removal from the con- 
taminated material after its bactericidal action had taken effect. 

The following expei-iment was carried out to determine the bactericidal 
effect of ether upon contaminated dog brains. The horn (cornu ammonis) vas 
I'cmoved from a grossly contaminated dog brain and ground in a mortar vdtli- 
out an abrasive. Nutrient broth was added to make an approximate 20 per cent 
suspension which was then centrifuged at slow speed for about five minutes. 
The supernatant liquid was then divided into 7 aliquot portions, to 6 of wliicb 
was added anesthetic ether to final concentration of 3, 6, 10, 12, 15, and 20 per 
cent, respectively'. No ether was added to the first tube which sen'cd as control. 
The tubes were then thoroughly- shaken, placed in the icebox (4° C.) and 
removed at inter\'als of one, two, six, eighteen hours to be cultured both acio- 
bically and anaerobically on blood agar. The results of this experiment, sum- 

•From the Lahomlorj" Section of the SL Loui.s Health Division, St. Loul5, Mlssocrl. 
Recclvecl for publication. Februnrj' 2, 1933. 
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mnrizcd in Table I, and rein-esenting the average findings o£ several experi- 
ments, indicate tliat etiier in final concentration of 10 per cent exerts a definite 
bactericidal etfeet upon contaminated dog brains after exposure for tivo hours 
at 4“ C. 

Having detennined the oiitimnm concentration of ether necessary to destroy 
contaminants in decomposed brains, it became necessary to establisli whether 
this amount of ether would have any effect upon the virus. 

Table I 


BACTERicinAL EriTrT or Ether Upon- Coxtamix vter Bor. Bratxs 



CONTCOL 

NO 

EinER 

CONCENTRATION' OP ETIIER 



wisai 

12 

7o 



1 

o 

m 

s 

1 

2 

mm 

2 

1 

o 

1 

2 


2 

Exposure to ether nt 



mm 












4* C. for 















1 hour 

+++ 

-H-h 

+4+ 

44+ 

4++ 

4+ 

4+ 

+ 

0 

0 

0 



0 

2 hours 



++ 

4+ 

4+ 

4+ 

0 

+ 

0 

0 

0 

0 



6 hours 



■H- 

++ 

4+ 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

18 hours 

■H+ 

-H-h 

++ 

+4+ 

4+ 

0 

0 

0 

0 

0 

0 

0 

0 



1 = 1 loopful plated on blood near and cultured aerobically. 

2 = Cultured anaerobically. 

0 = No arowth. 

+ = 1-20 colonics. 

++ = 20-100 colonics. 

+++ = He.avy arowth. 

It is quite definitely established that ether has an attenuating effect upon 
the rabies virus only after long exposure.”'*' Remlinger and his co-workers, 
for example, studied the effect of ether on different strains of street and fixed 
virus and found that tlie brain tissue from the center of the hippocampus major 
(cornu ammonis) remained viimlent after immersion in undiluted ether foi 
one hundred twent.v hours, while one strain of fixed virus remained virulent 
for one hundred sixty-eight hours. 

The following experiment was designed to establish the concentration of 
ether that would have a definite effect upon the virulence of the virus after 
contact for eighteen hours. The horn (cornu ammonis) was removed from a 
dog brain suspected of being rabid. Two small pieces of horn were removed 
for microscopic examination (impression smcai’s), and two additional pieces 
were preserved in full strength glycerin. The remaining portion of both horns 
Was ground in a mortar without an abrasive, and sufficient nutrient broth was 
added to make an approximate 20 per cent suspension. After standing at room 
temperature for one hour, the suspension was centrifuged at slow speed in 
order to remove the large clumps. The supernatant liquid was then divided 
into 6 aliquot portions dispensed in sterile stoppered 15 c.c. centrifuge tubes. 
To 5 of these tubes was added anesthetic ether to final concentration of 7, 10, 
15, 20, 30 per cent, respectively. The first tube received no ether and sen-ed 
as control. After thorough shaking, the tubes were placed in the icebox (4° C.) 
for eighteen hours, at which time they were centrifuged, and the .supernatant 
I'qnid below the ether layer from each tube ivas in.iected intracercbrally into 
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each of 4 mice. In order to insure complete removal of the ether before tlie 
intracerebral injection was made, the tubes were placed in a desiccator for about 
five minutes. 

T.1BLE II 

Effect on Vikus After Exposure to Various Concentrations of Ether for 


18 Hours at 4° C. 

EXPOSURE TO OIFFEBENT , 

CONCENTRATIONS OF ETHER ! 
FOR 18 HR. AT 4° C, 

DAV OP DEATH AFTER INTRACEREBRAL AND INTRAMUSCDL.IR 
INJECTION OF VIKUS 

STREET VIRUS 1 

NO. 2715 

STREET VIRUS 

NO. 2717 

7 per cent 

10 per cent 
lo per cent 

20 per cent 

SO per cent 

Control — No ether 

8+, 10 +, as,** 16 + 

9+, 11+, 11+, 14** 

9+, 10+, 12+, 21+ 

12+, 13+, 28+, 29+ 

1,* 1C+, 19+, 21- 
8+. 10+, 10+, 15+ 

4,** 9+, 11+, 16+ 

8+, 11+, 13+, 13+ 

9+, 9**, 12+, 14+ 

1, * 15+, 15+, 18+ 

17+, 21,** 2G+, S 

2, * 12+, 14+, 14+ 


•Animal died from trauma or of unknown complication other than rabies. 
•'Animal found dead and partially devoured. Examination could not be made. 
+Negri bodies found on microscopic examination. 

-No Negri bodies found on microscopic examination. 

S = Animal survived (si.x •H'eek.s). 


The results of this experiment, summarized in Table 11, indicate that ex- 
posure to 10 per cent ether for eighteen hours at 4° C. had no effect upon the 
virulence of the two strains of street virus tested. Exposure to 30 per cent 
ether only slightly altered the virulence of these strains. 

Haling established that 10 per cent ether exerts a definite bactericidal effect 
upon contaminated dog brains after exposure for two liours at 4® C., and hav- 
ing determined that this concentration of ether does not effect the rabies virus 
under these conditions, a series of expeiiments was carried out using dog brains 
proving positii'e on microscopic examination. These brains were allowed to 
stand at room temperature until grossly contaminated. The experiments were 
conducted with tlie view of establishing a simple and practical method for 
treating contaminated brains before intracerebral injection into animals. The 
procedure used was as follows : The central poi'tion of the hippocampus major 
(cornu animonis) was dissected out, and a small piece wa-s lumoved for micro- 
scopic examination and for glycerination. The remaining portion of the horn 
was emulsified in 10 c.e. of nutrient broth and allowed 1o stand for one hour 
at room temperature. The supeniatant liquid (after lai'ger clumps settled) 
was pipetted into a stoppered 15 c.c. centrifuge tube, and 10 per cent ether 
(about 1.0 c.e.) was added. The tube was then shaken thoroughly and allowed 
to stand in the refrigerator for two hours. After centrifugation at slow speed 
the supernatant liquid below the ether layer was removed for animal inoculation. 


Nine grossly contaminated positive dog brains have been examined by the 
method described, and in each ea.se a confirmatoiy diagno.sis of z'abics could 
be made by the mouse inoculation method.’’ Tlie results summarized in Table 
III show that a positive report could be sent to the rabies clinic in an average 
of ten days after the animal was brought to the laboratory for examination. The 
method de.seribcd has already been found practical in one specimen submitted for 
examination. A dog was brought to the laboratory on Aug. 15, 1938, and no 
satisfactoiw microscopic examination of the brain (No. 2741) could be made 
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because of gross dccomposiliou. A jiositive report was sent to the rabies clinic 
on Aug. 26, 1938, eleven days after the ether-treated lirain was injected intra- 
eerebrally in mice. 

Table III 


GKOS.SI.Y CON'TAMINATKl) Hofi BHAINS SHOWIN'O NECni ROBirS, EXPOSED TO 10 P£R CENT EtJJEi: 
Foil Two IIOl»RS at 4“ 0, 


DOO DHAIX 

SO. 

D\Y OF I>E.VT1I An-EB 
INJECTIOX 01 

iNTnAOEKEBRAL 

CTIIEP.-TREATED 

AND IKTRAMUSCUIiAR 

DOO BRAINS 

2741f 

n+, 

13f, 

13, *• 

15+ 

2743 

9+, 

10+, 

12+, 

12+ 

2747 

1,- 

4-, 

12+, 

S 

2752 

9+, 

9+, 

9+, 

12+ 

2757 

5-t 

9+, 

11+, 

14+ 

2774 

9+, 

10+, 

10+, 

S 

2793 

10+, 

19+. 

12+, 

12+ 

279G 

9f, 

lOf, 

10,** 

11+ 

2S00 

n+. 

13+, 

13+. 

14+ 

2S03 

1/ 

10+. 

11+, 

12+ 


•Animat cUdtl from tmumn or of unknown compllfation other than rabies. 

••Animal found dead and partially devoured. Bx.anilnation could not be made. 

+Negrl bodIe.-5 found on nilcrosooplc cjcaiulnatlon. 

-No Negri bodIe<3 found on microscopic examination. . 

INo satisfactoo* c.xamlnatlon could be made of thi.s bruin because of gross decomposition. 
S = Animal survived. 


summary 

Experiments are presented describing a simple procedure for demonstiating 
rabies virus in grossly decomposed animal brains. Of several bactcricida 
agents, including mcrtliiolatc, glycerin, plienol, and etlier, the last mentioned 
proved to be the most desirable. It was found that ether in final concenti’ation 
of 10 per cent exerts a definite bactericidal effect upon contaminated dog brains 
after exposure for two hours at 4° C. Exposure to this concentration of ether 
for eighteen hours at 4° C. liad no effect upon the virulence of two strains of 
street virus tested. The experiments were conducted with the vieiv of establish- 
ing a simple and practical method for treating contaminated brains before in- 
tracerebral injection into animals. 
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CLINICAL DEMONSTRATION OF IRON IN THE SKIN IN 

HEMOCHROMATOSIS*" 


Hamilton R, Pishback, Sc.D., M.D., Chicago, III. 


T he diagnosis of hemochromatosis is verified by the finding of iron deposited 
diffuselj^ in tlie skin. The visual evidence of its presence, that is, the pig- 
mentation, may vary considerabljr in intensity and in its shading from light 
yellow brown, deep bronze, or bluish bi’own, to slate color. The two conditions 
with pigmentation most likely to be confused with that of hemochromatosis are 
Addison's disease and argju’ia. While clinical study may serve in differentiation, 
yet a positive ruling on the presence of dermal iron is the simplest and most 
direct finding. 

The histochemical demonstration of iron has been done by the excision of a 
piece of skin, fixing it, sectioning, and exposing the sections to the action of 
chemicals which develop the iron coloriraetrically. While this is not a for- 
midable procedure, it is something of a nuisance to both the patient and the 
doctor, and consequently is used very seldom. The time requii'ed for a report 
may vary, but under common worldng conditions it generally ranges from two 
to five days. 

A man witli hemochromatosis was seen recently w'ith the familiar triad of 
findings: pigmentation of the skin with iron demonstrated histologically, diabetes 
mellitus, and enlarged cirrhotic liver. Some of the disadvantages of the old 
procedure for demonstrating iron in the skin ivere brought to attention and a 
new method was devised. 

Equal parts of sterile solutions of 0.5 per cent potassium ferrocyanidc 
and one-hundredth noimial hydi-ochloric acid were mixed and injected intra- 
dermally so as to form a wheal. 

A slight blue color was e%'ident almost immediately, which darkened to a 
deep blue within five minutes. It is possible that the color became somewhat 
darker over the next few liours, but the change was insignificant. A narrow red 
zone appeared at the peripherj* of the wlical in about tivo days. This persisted 
throughout the slow contraction of tlie blue test spot until its disappearance in 
about two weeks. 

•From the Department of Patliologj-, Northwestern University Medical School, Chicago. 
Received for publication. Februaty -I, 1939. 
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The negative test showed a wliite wlical which later developed the peripheral 
red zone and disappeared in ahout the same time as a positive test. 

Thei-c is a sharp stinging sensation with the injection, but it ceases within 
a few seconds. There is no pain or itching afterward, as might be developed 
with acute inflammation. The skin remains intact without peeling or necrosis. 

Hemorrhage into the tissues from bnii.scs or other cause might result in 
iron deposit, but these causes are local and nsuallj' can be ruled out easily. 

In post-mortem e.xamination in the ca.se here cited the iron test was posi- 
tive in the skin of any chosen area of the body or extremities, even in parts 
where no altered pigmentation was visible. It is more difficult to inject the 
solution intradermally after death, although such localization is necessary for 
development of the color. 

SUMMABV 

A test for iron in the skin is described, making a simple application of 
the familiar potassium ferroeyanidc chemical reaction for iron. 

It is without any evident injurious local or general effects. 

The test can be performed and read within a few minutes in the doctor’s 
office. 

Since diffuse iron deposit oeeui's only in hcmocliromatosis, this test would 
appear to be specific for that disease. 

In hemochromatosis the test is also positive after death. 

Grateful acknowledgment Is ninde here to the Davelln JIllls Cancer Foundation Fund of 
Lesley Memorial Hospital of Chicago, which provided hospital care for the patient studied. 


A RING TEST FOR URINE BROMIDES* 


Alex Blumstein, jM.D., Minneapolis, Minn., and Paul M. Zoll, M.D., and 
Jesse J. JIayer, B.S., New York, N, Y. 


TN MENTAL patients tlie question of bromism arises frequentl^.^ 
in 1927 described a test to detect the presence of bromides in the urine as 
follows : 


To 25 c.c. of urine add 1 gm. of animal charcoal. Mix well. Allow to 
stand for a few minutes and filter. To exactly 5 c.c. of filtrate add 1 c.c. of 
20 per cent trichloracetic acid and 1 c.c. of 0.5 per cent gold chloride. A 
bro\rn shade indicates the presence of bromides. Iodides will be indicated by 
•'t precipitate. For comparison make the following solution: 0.5 c.c. of 0.1 
per cent sodium bromide, 4.5 c.c. of water, 1 c.c. of 20 per cent trichloracetic 
Rcid and 1 c.c, of 0.5 per cent gold chloride. 


*From the Division of Nervous and Mental Diseases, University of Minnesota Medical 
Minneapolis, and the Departments of Psychiatry and Pathologj'. Bellevue Hospital, 
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It seems to us that a simpler procedure than that recommended by Wnth 
is desirable for routine clinical usage. The following ring test has i)rovcd sat- 
isfaetoiy in our hands : 

Eoughl}- 1 c.c. of 20 per cent triehloi’aeetic acid is mixed with approximately 
5 c.c. of urine, and the mixture is overlayered with 0.5 per cent gold chloride. 

• If bromide is present in concentrations over 50 mg. in 100 c.c. of urine, 
a yellowish to a reddish orange ring develops almost immediately at the interface. 
Occasionally the ring will have a broumish tinge, but that is not the predominant 
color. The characteristic color reaction is not obscui-ed even in highly pig- 
mented urines. The test is difficult to I’ead in artificial light unless a daylight 
bulb is used. To become familiar with the color of the ring, one need only 
perform the test on urines containing vaidous concentrations of bromides. At 
50 mg. per cent a positive test fii'st appears as a canary yellow ring; at 80 mg. 
per cent, the color obtained is orange; at 160 mg. per cent, the ring is rcddisli 
orange. With higher bromide concentrations the reddish orange ring becomes 
more intense. Not infrequently a grayish precipitate foi-ms at the interface of 
the gold chloride and urine, and occasionally a purple color appears below the 
interface. These reactions should not be interpreted as positive te.sts in the 
absence of the characteristically colored ring. Bile and iodides, if present in 
the urine, interfere with the test. Urines eojitaining a liigh concentration of 
bile and bromides give a negative test. Iodides in a urine containing bromides 
mash the color of the ring by a yellmvish gray precipitate which is immediately 
formed. The iodide reaction is readily distinguishable from the ])romido reac- 
tion. but it will mask bromides if pi-esent. 

In order to determine the clinical limitations of the procedure, the ring 
test was done on urines of patients receiving therapeutic doses of sodium bro- 
mide. Five patients received 0.6 gm. of sodium bromide three times a day. 
Urine tests became positive on the fourth day of medication in 2 cases; on the 
fifth day in 2 eases, and on the seventh day in one case. Twenty patients re- 
ceived 1 gm. sodium bromide three times a day. Tlie urine te.st was positive 
after one day of medication in 2 cases: two days in 6 cases; three days in 6 
cases; four days in 4 cases; and five days in 2 cases. In no instance did the urine 
test I'emain negative following the usual therapeutic medication. 

The test was done routinely on urines from patients on the medical wards 
of the Psychiatinc Division of Bellemie Hospital. Nine hundred and sixty- 
six urine specimens were tested; 164 gave a positive ring test for bromides. la 
everj' positive test, the patient had either been given Ijromides in the hospital, 
gave a definite history of bromide ingestion, or had over 75 mg. per cent bromides 
in the blood serum. Using those features as criteria, no false positives were 
discovered in the 966 urine specimens. 

In 520 consecutive eases admitted chiefly to the medical wards of the P.syeiu- 
atric Division of Bellevue Hosiiital. the ring test was positive for un'narj' bro- 
mides in 23 patients. In 13 cases bromide ingc.stion was not su.spccled before 
the urine bromide test, was done. Simnltancous blood bromide determinations 
and urinary tests were done on 97 patients. In every inslanco where the urme 
test was positive the serum bromide level was above 75 mg. per cent. Seven 
showed senim bromide levels above 75 mir. per cent. In only one case was 
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the ring test in tlie urine negative when tlic scrum lu'omide level was above 
75 rag. per cent. In this ea.se the serum bromitle on admission was 125 mg. 
per cent, at wliicli time the ring tc.st was positive. After 10 days the urinary 
test became negative, although the serum bromide level persisted at 100 rag. 
per cent. Tliis patient was a diabetic who had bouts of vomiting and took 
salts and fluids poorly, 

Tlic ring test may also be done on .spinal fluid and blood serum. One need 
only overlayer spinal fluid with 0.5 per cent gold chloride solution and look 
for the characteristically colored ring at the interface. For a qualitative blood 
bromide test the scrum proteins arc precipitated by 20 per cent trichloracetic 
acid and spun down by centrifuge. The su|)ernatant fluid is overlayered with 

0. 5. per cent gold chloride. For example, in one ease, the seium bromide was 
200 mg. per cent; the ring tests on scrum and spinal fluids were positive. 

COMMENT 

The test here described has heen useful to us as a routine procedure to 
detect the presence of bromides in urine. When the urine test is positive, a 
quanitative blood bromide determination is done. In our experience a negative 
urine test is strong evidence against bromism. In cases of suspected bromide 
intoxication it offers a quick method of confinning the diagnosis. The test can 
easily be performed as part of the routine urine examination. The necessary 
solutions are stable and easily prepared. 

CONCLUSION 

A ring test for urinary bromides is described. It is suggested that the test 
can be used ns a routine procedure on all patients entering mental hospitals, 
or whenever indicated in general hospitals or office practice. 
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PREPARATIONS FROM THE SPINAL CORD IN THE LABORATORY 

DIAGNOSIS OP RABIES*^ 


Robert A. Greene, Ph.D., and Edward L. Breaze^vle, B.S.A., Tucson, Auiz. 


TN THE laboratory diagnosis of rabies, preparations are usually made from 
* the hippocampus major, the graj* matter of the cerebellum or the cortex in 
the region of the fissure of Rolando, because Negri bodies usually occur most 
abundantly in these areas. Park, Williams, and Krumwiede^ have stated that 
they ‘ ‘ have always found bodies in the spinal cord in abundance, but here they 
are especially prone to be localized in discrete groups of cells.” 

To our knowledge preparations from the cord are not usually employed 
for the demonstration of Negri bodies. In most of the specimens received at 
the Arizona State Laboratory for the laboratory diagnosis of rabies, the head 
has ali'eady been removed, and the cord is readily accessible. It occurred to 
us that the use of the cord for tliis purpose would result in a considerable sav- 
ing of time, and would be particulardy valuable in cases where the animal had 
been shot through the head. 

We have adopted the following procedure when the head has been re- 
moved: Preparations are made fi’om the cord and are stained in the usual 
manner. If Negri bodies are demonstrated, no further examination is made. 
If Negri bodies are not found in the cord, then preparations are made from 
Ammon’s horn. So far, the results of examinations of preparations from the 
cord and from Ammon’s horn have agreed pei’fectly. We feel, however, that 
in the event that Negri bodies are not demonstrated in the cord, preparation 
should be made from the brain. 

The use of the cord for this pui^pose results in a saving of time, particularly 
in the case of larger animals, where the removal of the brain is not always easj'. 

reference 
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A ]\IETHOD OF COUNTING BLOOD PI/ATELETS 


Thoiias F. "WALiCEn, H.D., and Patricia A. Snveenev, B.A., 
Great Falls, Mont. 


T he numerous nietliods that Imve been proposed for counting blood plate- 
lets, and tlie fact tliat the normal count differs with the method used, seem 
to indicate that an entirely satisfactory method has not been devised. 

Our experience indicates that llie normal number of platelets varies not 
only with the method used, but also with tlic technician making the count. 
Wiiere it is necessary to make a series of platelet counts upon a patient, we in- 
sist that all counts be made b^’ the same teebnieian. 

In few, if any, laboratories is a platelet count among tlie procedures car- 
ried out as a ix)Utine in doing a complete count. Yet, we feel that the platelet 
count is of sufficient importance to W’aiTant its inclusion in routine “complete 
blood counts,^’ and that if this were done, our Icnowledge concerning the signifi- 
cance of variation in the number of platelets would be materially increased. 
Doubtless, if a simple, accurate method of counting platelets were available, 
it would be used as a routine. 

Wo liavo found the method of malting plasma platelet counts as devised 
Nygaard the most satisfactory method in use at the present time. However, 
since it requires %'enipuncturo, and since the syringe is filled with a more or 
less toxic solution, it is seldom used as a routine procedure. In addition, the 
time required for the sedimentation of the red blood cells is a disadvantage. 

We have found that the majority of difficulties in making platelet counts 
are overcome by the use of the following method : 

1. Before making puncture in finger or car, draw a 1.1 per cent solution 
of sodium oxalate into wliite blood cell pipette to the mark 1 and expel it by 
blowing. This moistens the pipette and prevents platelets from adhering to the 
glass. 

2. Quickly draw blood to the mark 0.5. 

3. Quickly draw diluting fluid (1.1 per cent solution of sodium oxalate) to 
the mark 11, and mix by shaking vigorously. 

4. Place a hea\'y rubber band around pipette so as to close ends. 

5a. Place pipette in centrifuge and centrifugalize for the shortest possible 
time necessary to drive red blood cells into stem of pipette. (We have found 
that one-half minute at a speed of approximately 1,600 revolutions will accom- 
plish this without changing the platelet count) or 

5b. Let pipette stand upright for two hours to permit the red blood cells 
to settle into the stem of the pipette. (There is some variation in time depend- 
hig on the caliber of the lumen in the stem of pipette.) 

6. Gentlj’’ expel the red blood cells from the stem of the pipette by blowing. 

Received for publication. April 14, 1939. 
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7. Place a drop o£ clear supernatant, solution in counting chamber (a lew- 
red blood cells will do no harm). 

8. After ten minutes count all the platelets in 80 small squares (4 groups 
of 20 small squares). Because of the slowness with which platelets settle, it is 
very important to focus carefully over each square counted so as to count plate- 
lets at different levels in the chamber. 

9. Add three zeros to the total count for the number of platelets per cubic 
millimeter of blood. (We have considered 300,000 as the normal numher per 
cubic millimeter, using this method.) . 

In step 1, we at first filled the pipette with the diluting fiuid to mark 1 
and then drew the blood into the pipette to the mark 0.5, as directed in some 
of the older methods. However, we found that the blood and the solution 
tended to blend, making it difficult to draw in the correet amount of blood. 
When the pipette was simplj- moistened, the blood could be accurately drawn 
to the mark 0.5, and the variation bet-ween counts on the same patient became 
less, indicating greater accuracj'-. 

Using this method, we feel that it is possible to count platelets with a 
percentage of error not much greater than in counting red blood cells. The 
amount of -work is not appreciably greater than that involved in doing a red 
blood cell count. 


ZONE REACTIONS IN THE KLINE TEST"' 


Roisrrt a. Grf.ene, Ph.D., and Edward L. Bre.\zeale, B.S.A., Tucson, Aniz. 

I T IS frequently observed in serologic reactions that lower dilutions of serum 
may give negative results, while higher dilutions of the same serum may 
give strongly positive reactions. Zone reactions are frequently encountered in 
the Wassermann tost (an excellent discussion is given by Eagle’), but to our 
knowledge have not been observed frequently in fiocculation tests for syphilis, 
especially in tliose tests where a single fixed antigen-scrum ratio, is employed. 

At the Arizona State Laboratoi-j- the moi-e common serologic tests for sypiu- 
lis have given excellent agreement.- Occasionally, we have noted a scrum -wliicli 
might give a doubtful or weakly positive Kline reaction and strongly positive 
Kahn, Hinton, or Wassermann reactions. At first these -were considered as 
technical errors, but when several of those Kline-doubtful-Kahn-positive sera 
were examined in two different laboratories, by three different persons w-lm 
employed different lots of LaJIottc Kline antigen, we concluded that these re- 
sults were not necessarily teclmical errors. 

It appeared to us that these discrepant re.sults might be due to a zone effect 
which was not appearing in the Kahn test because, in the latter, three tube.s ol 
varying antigen-serum ratio are employed. In order to determine whethci 
these results might be due to a zone effect, these sera were diluted with physio- 
lo"-ic saline, and the Kline test was performed upon the diluted sera. -At the 


•From tho Arizona State Laboratory, Tucson. 
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same time a large number of negative sera were diluted and examined in the 
same manner as the positive sera. In evciy ease these negative sera gave 
uniformly negative Kline reactions. 

Table I gives some typical results of the examination of these sera. 

T.ible I 


KlIKE REACTION’S OX DILUTED SeDUM 


SERUil 

m. 

KAHN* 

(UNDILUTED 

SERUM) 


KLINE 

1:1 

1:2 

1:4 

1;8 

1:16 

1:32 

110 

■isRaH 

1 plus 

KiSnnCB 


4 plus 

2 plus 

1 plus 

Doubtful 

C30 

2 plus 

1 plus 

1 plus 

3 plus 

4 plus 

3 plus 

2 plus 

Doubtful 

1508 

4 plus 

1 plus 

2 plus 

3 plus 

1 plus 

Doubtful 

Negative 

Negative 

1576 

4 plus 

Doubtful 

3 plus 

1 plus 

Doubtful 

Negative 

Negative 

Negative 

1681 

4 plus 

1 plus 

3 plus 

1 plus 

Doubtful 

Negative 

Neirative 

Negative 

1828 

4 plus 

Doubtful 

2 plus 

2 plus 

.3 pllLS 

Doubtful 

Negative 

Negative 

1855 

4 plus 

1 plus 

1 plus 

2 plus 

1 plus 

Doul)tful 

Negative 

Negative 

9805 

•4 plus 

2 plus 

3 plus 

4 plus 

3 plus 

1 plus 

Negative 

Negative 

9937 

4 plus 

2 plus 

2, plus 

3 plus 

.3 plus 

2 plus 

1 plus 

Doubtful 


An examination of Tabic I reveals that when the sera were diluted, 
stronger reactions were observed in the higher dilutions than in the undiluted 
sera. In gcnei'al, the Kline results on scrum dilutions of 1 ■.! or 1 :2 agreed well 
with the Kahn results on the undiluted sera. Negative sera, treated in the same 
manner, gave uniformly negative results. Several hundred other sera, which 
gave comparable Kline, ICahn, Hinton, and IVassermann reactions, have been 
examined in the same manner, but zone effects have not been observed. 

Although the Hinton test is not read in terms of degrees of positivity, we 
liavc, in a few cases, noted zone effects in diluted sera. That is, a more abun- 
dant floe is formed in the diluted sera than in the undiluted. 

The incidence of the sera which show zone effects is (in our experience) 
not greaf^approximatcly 1 per 1,000— and should not prove a great source of 
error, unless only one test is employed in the laboratory diagnosis of syphilis. 
These results emphasize the desirability of employing more than one teclinique, 
and particularly the desirability of employing either dilutions of serum or one 
test ill which the antigen-serum ratios are varied. 

CONCLUSION 

It was found that sera which gave strongly positive Kahn and weakly 
positive Edine reactions showed a zone effect when the scrum was diluted with 
saline. In general, such sera, when diluted 1 :1 or 1 :2, gave Kline reactions 
which compared to the Kahn reactions wnth undiluted sera. 

The incidence of these sera is not gi-eat (approximately 1 per 1,000) . 
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Egbert A. Kildupfe, M.D., Abstract Editor 


EIVIBEDDING OVEN, an Inexpensive, Bouton, S. M., Jr. Arch. Path. 27: 58, 1939. 

The oven consists primarily of a box constructed throughout of 1% inch (2.8 cm.) 
lumber, thus utilizing the insulating qualities of wood. The door occupies the entire 
frontage, is completely recessed into the frame of the box, and consists of a wood frame 
holding two panes of glass, separated from each other by an intervening air space. The 
door is supplied with an inexpensive catch lock. The inside of the box is equipped a short 
distance from the bottom with four regulation screw sockets, two in each side wall, to hold 
four electric light bulbs (in this laboratory, two 25 watt and two 50 watt bulbs) ; and the 
outside, with individual switches, one for each bulb. The electric cord leaves the box at the 
rear. The top of the box is perforated by six inch (1.3 cm.) holes (the number and 
diameter of these holes may, of course, vary) within a rectangular space large enough to 
accommodate a dehydrating jar. This space is marked off by a low wooden frame to hold 
the jar; the frame, open at the rear, furnishes guides for a sliding panel ivhich can be 
adjusted to cover from one to all six holes. For this purpose, the latter are staggered. 

The inside of the box is further equipped with rails along both sides, not too close to 
the bulbs, to hold tivo removable stout wire mesh trays. A centigrade thermometer is hung 
on the inside of the door, its mercury bulb insulated against the glass by a piece of very thick 
cardboard. Thus the temperature within the oven can be read at a glance without opening 
the door. For purposes of comparison and checking, another thermometer may bo attached 
to the rear wall in such a manner that it also may be read through the closed door. 


CLOT BETBACTION, A Simple Method for Measuring, MacFarland, K. G. Brit. Lancet 

1: 1199, 1939. 

The apparatus required for measuring clot retraction consists only of a graduated 
centrifuge tube with the scale marked in 0.1 cm. divisions, a glass rod, and a cork to lit the 
mouth of the tube, bored to receive the rod as an easy sliding lit. The rod is about Vi 
inch longer than the tube and has a small “button” expansion formed about Vi inch 
from one end. 

The retraction is measured as follows; More than 5 cm. of blood is obtained bj 
venepuncture. The centrifuge tube is filled from the syringe up to the 5 cm. mark. The 
glass rod is put into the tube, so that the expansion is immersed in the blood, and the 
cork is fitted, the projecting end of the rod pa.ssing through the hole bored to receive it. 
The tube is then placed in a water bath at 37° C. and examined from time to time for 
coagulation of the contained blood. An hour after firm clotting it is removed from the 
bath. If retraction has taken place, the clot will be seen to have shrunk away from the 
walls of the tube and to be attached to the rod only. By sliding the rod upwards through 
the cork, the clot, supported on the expansion, can be raised clear of the expressed fluid, so 
that the volume of the latter may be me.asured directly on the graduated scale. 

Eetraction is expressed in terms of this volume, as a percentage of the original volume 
of blood. Tims, if 5 cm. of blood after clotting express 3 cm. of fluid, the retraction is 


3 X 100 


= CO per cent. 


In measuring retraction in this way it is necessary to ensure that the graduated tnhe.s 
are perfectly clean and are unscratched inside; otherwise the clot may stick to the glass and 
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prevent retraction. Clots that have stuck may be freed by carefully passing a fine stiff ^vire 
round the inside of the tube, keeping it in contact with the glass. The tube should then be 
incubated for a further period of an hour. 

From a study of 50 normal donors (23 female, 27 male) the normal range by this method 
was 43,9 to C0.5 per cent. 

In a series of 250 pathologic cases it was found that retraction might be reduced in 
jaundice, lobar pneumonia, myelomatosis, and other conditions, apart from those with an 
obrioaa reduction in the platelets. 

In the hemorrhagic states, retraction was normal in hemophilia, telangiectasis, and 
athrombopenic purpura hemorrhagica. Only in thrombopenic purpura was it reduced. 

SUIiTANILAJIIDE . A Study of Its Blode of Action on Hemolytic Streptococci, Keefer, 

C. S., and Rantz, L. A. Arch. Int. ifed. 63: 957, 1939, 

Prom a study of the mode of .action of suJfaaiJaiuide in vitro and in vivo, the follow- 
ing facts emerged: 

'When sulfanilamide was added to whole defibrinated blood so that the concentration 
was 7 mg. or more per 100 c.c., there was definite baeteriostasis, and in some instances 
a definite bactericidal effect was demonstrated. 

■We were unable to demonstrate a bactericidal effect of sulfanilamide when it was 
added to plasma, although bacteriostasis was present in plasma containing sulfanilamide. 
This hacteriosfa'sis was less striking in plasma than it was in whole blood. 

The samples of blood which showed a bactericidal effect with sulfanilamide were those 
containing some natural antibodies. It is suggested, therefore, that sulfanilamide may 
enhance the hnctcricidnl effect of whole blood provided natural antibodies ore present. 

In the cases in which it was not possible to demonstrate a bactericidal effect, a 
bacteriostatic effect was shown. When the number of organisms was small, there was 
almost complete hacterio«ta<»is; when the inoculum was larger, the rate of multiplication 
was slower and the number of organisms at the end of twenty-four hours was less than in 
the controls. 

It appears that antibodies are important in destroying hemolytic streptococci in 
vitro even in the presence of sulfanilamide. 

The principal action of sulfanilamide in vitro is to slow the growth of the organism. 
It has no direct bactericidal effect on any serologic tj'pc of hemolytic streptococci. 

LEXIKOCTTOSIS, Neutrophilic, In Spinal Fluid Associated With Cerebral Vascular Ac- 

cidents, Townsend, S. R., Craig, R. L., and Braunstein, A. L. Arch. Int. Med. 63: 848, 

1939. 

Six cases of cerebral softening and cerebral hemorrhage in which a great excess of 
poljTnorphonuclear leucocytes was found in the .spinal fluid arc described. 

The authors believe that this leucocytosis is due to an aseptic meningeal reaction 
to adjacent areas of necrosis within the brain. 

It is only in cases in which the lesion is close to the surface of the cortex or ap- 
proaches the wall of the ventricle that leucocytosis occurs, for deeply seated lesions cause 
rio such reactions in the spinal fluid. 

The leucocytosis usuallv begins w'ithin several hours after the infarction and gradually 
•lisappears within the next five to six days. The number of cells varies between 50 and 
“,000 or more per cubic millimeter. 

la cases in which the leucocytosis is great there may be stiffness of the neck and a 
PosUive Kemig sign, i.e., clinical evidence of meningeal irritation. 

In cases in which tlie vascular lesion does not cause demonstrable focal signs leucocytosis 
of this type in, the spinal fluid may result in an erroneous diagnosis of meningitis. 

Other writers have nsade similar observations, and a brief discussion of the literature 
is appended. 
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PHOSPHATASE, Serum, Influence of Liver on, Schifi'man, A., and Winkelman, L. Arch. 

Int. Med. 63: 919, 1939. 

Serum phosphatase values increase more than tenfold after ligation of n single hepatic 
duct. No other important changes in the blood result from this procedure. 

After the rise that follows obstruction of a single hepatic duct, the values steadily 
decrease and in thirty to fifty-five days return to normal limits. 

Obstruction of the common bile duct in a dog causes a rise in scrum phosphata.so more 
than twice that which follows a similar obstruction in other dogs whose livers have been 
damaged by intravenous administration of arsenic trioxide. 

The resultant values of serum phosphatase in hepatic and biliary disorder.? are de- 
pendent on two equally important factors: (a) the degree and e.xtont of biliary obstruction 
and (b) the functional state of the liver cell. 

TEICHINOSIS, Manifestations of, in the Central Nervous System, Evers, L. B. Arch. 

Int. Med. 63: 949, 1939. 

A case of trichiniasis which presented a clinical picture of toxic cncephalitLs and 
noaroretinitis, with sub.sequent recovery, is reported. Afotile larvae were isolated from 
the spinal fluid after the encephalitis .signs had largely disappeared. 

Review of the literature reveals that the presence of larvae in the .spinal fluid does 
not always produce clinical manifestations of involvement of the nervous system. Larvae 
of T, spiralis in the spinal fluid have been reported in 24 patients. Of these, 4 were fatal, 
a mortalitj’ rate of 2G.6 per cent. 

From the reported cases it .«eems probable that careful examination of the spinal fluid 
in su.spccfod cases of trichiniasis, with or without symptoms of invoh’ement of the central 
nervous system, may aid in the diagnosis of this disease. 

HYPEETHEBMIA, Therapeutic, Pathological Changes Pollowing, Lichtenstein, L. Am, 

J. Path. IS: 363, 1939. 

A description is given of the changes observed at autopsy in a case of uncontrnllablo 
hyperpyrexia (109° F.) ensuing upon hyperthermia treatment for arthritis of the finger 
joint.?. The hj-perpyrc.xia (which developed in the course of tlie tliird of a serit-s of treat- 
ments) was associated with coma and re.spirafory failure, and the patient died nbout thirty-five 
hours after the fever was initiated. In this case the significant pathologic changes were the 
following: (1) multiple punctate hemorrhages and necrobiosis in the gray matter of Ihe 
cerebral corto.x; (2) hemorrliage in the left internal capsule; (3) thrombosis of venule.? and 
capillaries in the cerebral cortex and internal capsule; (4) cerebral congestion and edema; 
(5) infarction of kidneys and spleen: (G) marked hepatic degeneration and edema; and (/) 
pulmonary conge.«fion, hemorrliage, and edema. 

The ciianges found in this case have been correlated witli, and discussed in relation 
to, those in 9 ca.?es previou.ely recorded in the literature. Certain of the changes seen in flic 
case reported hero, notaldy tlic vascular lesions, have not hitherto been de.?oribcd m con- 
nection with fatalities following fever therapy. Specifictilly there seems to ho no prenoa? 
description of the fbrombosis of venules and capillaries in aflected portions of the brain, and 
of the infarcts in kidneys and spleen, apparently due to focal necroses of .small arterial 
branches of thc.-^e organs. 

Tlio principal complications and sequelae of lijqicrfbprmin, and c.=pecially its effects upon 
the brain, blood vessel.? and liver, are indicated. Attention is aI.?o drarni to tiic fact that the 
reaction.? to tlicnipeufic hyperfbermia are .sometimes .?erious oven when they are not Lata!. 

LEAD, in Human Tissues, Bagchi, K. N., Ganguly, H. D., and Sirdar, J. N. Indian A 

M. Ee.?earcb 26: 93.'j, 1939. 

Lead is norniany prc.?eiit in iiImo.?t all liuinan ti.-suc.? in variable ((uantilic.?. lu' 
dividual variation in the amount of lead is due to difference in the quality ami qiiantitj 
of food ingested. The lead content of normal tis?uc.? of the European.?, n.? ob.?ervpd >> 
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the European worker:*, is much higher than that of Iitdiniis. The iinturc of diet and the 
conditions of living in the TTcst are responsible for this difference. 

Tho dithizone method has been employed for determination of lead in this in- 
vestigation. It has been proved by the American workers that this method is as good 
as the spectrographic method, provided tho amount of lend to be estimated exceeds 0.001 
mg. 

Bone, tooth, nnd hair retain large quantities of lead. The maximum amount is found 
in hair, especially on the black hair of Indian women. The color of hair appears to depend 
on its lend content. Tho skin, in spite of the fact that it is histologically closely related 
to hair nnd contains numerous hairs nnd hair follicles, is very poor in lead. 

The ovary is the only organ which has been found free from lead, and thus it differs 
from testis which contains quite an appreciable amount. The foetal tissues do not show 
any affinity for lend, although it is believed olhcrwisc- 

In cases of abnormal exposure to lead, the Hver, stomach, kidney, and lungs show well- 
marked increase in their load content, and thus indicate the route through which lead gets into 
the system. 

CHOLERA, Differential Isolation of Vibrio Cholerae, Read, W. D. B. Indian .1. M. Research 

26: 851, 1D39. 

Various methods arc described and inve.stigated with a view to the differential isola- 
tion of r. cholerae from mixtures of cultures, stools, and natural and artificial waters inocu- 
lated with r. cholerae. 

A modification of the bismuth sulfite enrichment medium of Wilson and Blair was the 
best and enabled the vibrio to be isolated from an inoculum tliat would just grow only in 
ordinary broth. 

By the use of this medium mannose-fermenting vibrios can be successfully differentiated 
from nonmannosc’fcrmcnting vibrios and from coliform tyTips. Other common water and 
stool organisms except streptococci arc suppressed, but no method of facilitating V. cholerae 
as against manno«c-fermenting inagglutlnablc vibrio** was discovered. The value of the 
method will depend on whether tlio mannose-fermenting vibrios found in natural sources can 
outgrow r. cholerae or not. Tho difficulty due to the growth of total organisms when ordinary 
peptone water enrichment is employed is overcome. 

CALCIUM, Serum, in Newborn, Denser, B. S., Reiner, M., and Wiener, S. B. Am. J. Dis. 

Child. 57: 809, 1939. 

A study of the calcium lov’el in the cord blood nnd of the blood calcium curve of the 
neonatal period has been made. 

There is a distinct drop in the calcium level of the blood during the first four days 
of life, with a subsequent slow rise to n point slightly above tho average level of later 
infancy. This depression of the calcium content is not related to race, weight at birth, 
or neonatal loss of weight. 

The inorganic phosphorus content of the blood during the neonatal period is higher 
than the phosphorus content of the cord blood but shows no definite constant curve. 

The protein level of the blood remains constant during the neonatal period and, 
therefore, cannot affect the level of the available ionizable calcium. 

The data derived from a comparison of calcium and phosphorus curves in the neonatal 
period do not supply an adequate explanation of tetany neonatorum. 
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Anemia ia Practice* 


' i ‘ HE work of Minot and Murphy in the development of liver therapy in anemia is now 
a part of medical history and more than suffices to establish the competence of the 
author to discuss anemia and its treatment. 

The outstanding feature of this book is its not only clear and succinct style but also 
its eminently practical character. While of definite interest and value to the clinical 
pathologist and hematologist, it may be regarded as a “must’' item for the physician’s 
library as a text abounding in clinical implications and applications. There can be no 
clinical confusion about anemias and their management for the reader of this book. 

There are two main sections covering Hypochromic and Normoeytic Anemias and 
Pernicious Anemia. Both are excellent, clear, tersely expressed and yet comprehensive. 

This book can be highly recommended. 


Experimentelle tmd klinische Ergebnisse mit der Priedmannscben 

Tuberkulosevaccinef 

T HE author reports in a book of 155 pages his experiences with Friedmann’s vaccine 
in animal experiments and in clinical observations in human cases of pulmonary tuber- 
culosis. The results are completely negative, and he shows repeatedly the inefficiency of 
Friedmann’s treatment by detailed accounts of each animal experiment and each human 
case. He reports on C rabbits, 50 guinea pigs, and 126 cases in man. He finds that Fried- 
mann’s turtle vaccine does not produce an active immunization against tuberculosis in warm- 
blooded animals. The purpose of the book is to counteract the unjustified recommendation 
of Friedmann and his followers. 

The book does not add anything new to the extensive experience of other investigators 
on this same subject, and it might well have been much shorter . — Lotte Kimmelsiiel. 


Vitamins and Vitamin Deficienciesi 


T hough the vitamins are a relatively recent discovery, the literature has reached such 
astonisliing proportions that one who seeks information may find it almost overwhelming- 
in this volume, apparently the first of a series, Dr. Harris has presented in a crisp, 
succinct, and exceedingly interesting manner a historical and introductory account of vita- 
mins B and B,. 

Dr. Harris is not only admittedly competent to discuss this complex subject with 
authority but, in addition to a thorough familiarity with the literature, has a distinct flair 
for developing the interest and even drama of his subject. 


•Anemia in Practice. Pernicious Anemia. By 'William P. Murphy. A.B., M-P-- A?- 
sociate In Medicine, Harvard Medical School ; Senior Associate in Medicine, Peter Bent Brlgnam 
Hospital ; Consultant Hematolosist, Melrose Hospital, Melrose, Mass. Cloth, Zii pages, i'' 
figures, 5 colored plates. W. B. Saunders Co.. Philadelphia. Pa. 

tExpcrlmentelle und klinische Ergebnisse mit der Friedmannschen Tuberkuloscvacclne. 
By E. Haefliger. G. Thieme, Leipzig, 193S. , 

itrltamlns and Vitamin Deficiencies. By Leslie J. Harris, Ph.D., D.Sc., F.I.C., Nutrition 
Laboratory Medical Kesearch Council and University of Cambridge. , 

TTfstorical. With a Foreword by Sir Frederick Gowland Hopkins. F.l'. ' " 
fabric '’oi pages. •'iO illustrations, ?2.50. P. Blaklston’s Son & Co., 
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The chapter headings include: The Discovery of the Vitamins; The Separating and 
Naming of the Vitamins; Bori-Beri Vitamin B, Deficiency; Vitamin B,; Nutritive Functions 
of Vitamin B,. 

As here told, the historj- of the discovery of the vitamins is of absorbing interest. 
After each chapter there is a brief, but meaty, summary in which the essence of the chapter 
is condensed, followed by a reference list applicable to the matters discussed. Complete 
subject and author indices arc found at the end of the volume. 

Those who are interested in the history' of the vitamins, in the story of their de- 
velopment, in the methods for their detection and standardization, and in the diseases 

traceable to their influence — in this volume beriberi, scurvy, nnd rickets in particular 

will find this book excellent. It is well organized, very well written, attractive in format 
and can be highly recommended. 


Recent Advances in Medicine" 

'T' HIS book needs no introduction nnd in its present ninth edition presents a survey of 
* medicine in all its varied phases. It has been extensively' revised and has been largely 
rewritten to embody the advances of the last three years. 

Not intended as n comprehensive practice, but as a reasonably comprehensive bird’s- 
eye view of newer concepts in the field of clinical medicine, the present edition maintains 
the standard set by its predecessors upon which their popularity is justly based. 


Symptoms and SigTis in Clinical Medicinef 

'T’HIS book is complete and thorough in every respect as a text on physical diagnosis 
^ for the medical student. It is essentially clinical in clmracter and presents the facts 
as simply as possible. However, at the same timo the subject matter is entirely compre- 
hensive so that it may be used also as an excellent reference by the intern and the prac- 
titioner. 

In addition to descriptions for routine physical e.xamination, there is a special section 
devoted to examination of sick children by Norman B. Capon, M.D., F.R.C.P. There are 
also chapters dealing with operations and instrumental investigations, clinical pathology, 
and biochemistry, as applicable to clinical medicine. 


Bergey's Manual of Determinative Bacteriology;!: 


DERQEY’S manual needs no introduction for it ims been the standard reference in 
bacteriologic circles so long that it has become a classic. 

This latest edition is greatly increased in size, showing an increase of 368 pages over 
the edition of 1934 and containing descriptions of 1,335 species. The book, in addition 
to the addition of new organisms, shows many changes nnd comprehensive revision. 

An introductory section includes a historical survey, the rules of nomenclature, and 
a discussion of the identification and naming of bacteria. 

As usual this is a “must” item for the bacteriologist and laboratory worker. 


TiTT^ Recent Advances Jn Medicine. Clinical. Laboratory. Therapeutic. By G. E. Beaumont. 
TIC ’ R-R-C.P.. D.P.H., Physician to the Middlesex Hospital, etc.; and E C. Dodds, M.V.O., 
Ph.D., M.D., F.R.C.P., Coourtauld Professor of Biochemistry In the University of London, 
etc. Cloth, ed. 9, 431 pages, 42 Illustrations, $5.00. P. Blakiston’s Son & Co., Philadelphia, Pa. 

,rt?y*^Ptoms and Signs Jn Clinical Medicine. An Introduction to Medical Diagnosis. By 
won ^ ® Chamberlain, M.D., M.Sc., F.R.C.P. Ed. 2. 318 illustrations Including 19 In color, 
wmiam Wood & Co., and Williams & WJIkIns Co., Baltimore, Md., 1938. 

. tBergey’s Manual of Deteri ‘ ‘ * ‘ — '■>v the Identification of Organ- 

s"hizowtes ■ ■ . ■■ of the university ot Penpsyl- 

Philadelphia; Robert S. Bi ^ ' Station (Cornell University) ; 

v^nia McGill Univers ■ ■ * . * ' ’ ’ tchens. University of Penns^-l- 

Cloth, ed. 6, 1032 pages . ■ ■ . . ■ ' . Baltimore, Md. 
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Sex and Internal Secretions* 

P erhaps few phases of medicine have heen the subject of more extensive and intensive 
investigation within recent years than that included in the studies of internal secretion. 
Ten years ago, under the guidance of the Division of Medical Sciences National Eeseaicli 
Council and with the interest and aid of the Bureau of Social Hygiene, a study was begun 
on the fundamental problems of sex, the results of which are suiweyed in the present volume. 

Research problems and their studj' are always a combination of the’ abstract and the 
concrete and lead inevitably to the further problem of their ultimate correlation. To this 
end surveys of this character which, as it ’were, take stock of what has been done, are 
essential in evaluating results and in pointing the way to problems yet to be studied. 

This volume presents a cooperative survey of recent advances in research in internal 
secretions and sex and as snch may be taken as a comprehensive and authoritative statement 
of the problem as it stands today. 

The book has live main sections: A. Biological Basis of Sex; B. Physiologj' of the 
Sex Glands, Germ Cells and Accessory Organs; C. Biochemistry and Assay of Gonadal 
Hormones; D. The Hypophysis and the Gonadotropic Hormones of Blood and Urine in 
Relation to the Reproductive System; and E. Additional Factors in Sex Functions and 
Endocrine Applications in Man. 

The editors, the associate editors, and the list of contributors call the roll of the 
foremost investigators in this held. 

This is a volume of significant importance well deserving of what has been said of 
its predecessors; “the most authoritative work published in any language on the endocrine 
aspect of sex physiology.” 


Clinical Bacteriology! 


T his book is essentially practical in its outlook, technical descriptions and detai s o 
cultural reactions being briefly discussed and' the main emphasis placed upon the app > 
cation of bacteriologic and immunologic procedures to the diagnosis, prophylaxis, and trea 
ment of disease. 

The author’s style is exceedingly happy and in many ways reminiscent of Boyd in Ins 
Failiolopy. The descriptions of laboratory methods are lucid, the summaries of disea.c 
are adequate, and the discussions of treatment -are such that cUnical applications are a 
once apparent. 

The organization of the book follows customary' forms: classification, immunity, by per^ 
sensitivity, and general bacteriology following in that order. Theoretical discussions o 
immunity and hypersensitivity are brief, but their practical appRcations are treated at some 
length. 

A description of each organism is followed by its cultural and biochemical acti'd'e-^^ 
then by a short description of the diseases to wliich it has etiologic relation and then 
a fairly detailed discussion of diagnosis and treatment. The human pathogens are more 
fully discussed than animal pathogens and nonpathogens, though all are covered. 

Except for the pneumonias, the book is fully up to date. The author docs not accept 
fully the value of serum treatment of pneumonia except in type I and II pnenmococcic 
pneumonias. The value of sulfanilamide compounds in pneumonia is, however, discusse 
■ •- -As a review of the subject for the physician in practice or in preparation for state 
boArd examinations, tliis book can be highly commended. 


•Sox and Internal Secretions. A Survey of Recent Researcli. Edited by Edgar 
With a foreword by Robert M. Yerkes. Cloth, ed. 3, 134G pages, numerous illustration , v 
Williams & Wilkins Co., Baltimore, Sid. „f„rfologlcal 

tClinical Bacteriology. By F. A. Knott. SI.D.. SI.R.C.P.. D.P.H.. Director Bacterio^^^ 
Department and Lecturer in Bacteriology. Guy's Hospital. Washable f.abrlc. -l-v i 
plates. P. Blakiston’s Son & Co.. Philadelphia. Pa. 
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CLINICAL AND EXPERIMENTAL 

THE TOXICIT\ OE VARIOUS IODINE SOLUTIONS* 


A. Ij. Bkkman, jr.S., AND A. C. Ivy, Pii.D.. M I) . Chicago, III 


TN 1923 Plummer’ clcfinilcly e.stal)li.shcd the u.sc of iodine in the pre-operative 
^ treatment of thyrotoxicosis. He used LukoI’s solution, 5 per cent iodine, and 
10 per cent potassium iodide, but since then numerous otlicr iodine solutions 
have been prepared for similar use. AVe have made a study of the relative 
toxicity of some of the iodine .solutions used clinically, such as Lugol’s solution, 
10 per cent sodium iodide, 10 per cent potassium iodide, Amend ’s solution and 
others, which will lie mentioned later. Amend s solution is essentially a mix- 
ture of sodium iodide and iodine, the “free” iodine being adsorlied to a protein 
preeipitalile with tungstic acid. It Avas decided to compare the relative toxicity 
of these solutions by the blood pressure method, the intravenous “emesis” 
point, and the blood iodine tolerance test, and by administering tliem to human 
patients known to be sensitiA’c to iodine. 

Blood Pressure Method . — Dogs anesthetized Avith basal ether anesthesia 
were used. A continuous record of blood pressure and respiration Avas made. 
The iodine solutions Avere injected intravenously during a period of ten to fifteen 
seconds. The blood pressure Avas always allowed to return to the control le\’e] 
before the injection of a solution. Doses of each solution equiA'aleiit in regard 
to iodine content Avere always u.sed. The dogs Aveighed approximately 10 kg. 
The results on the most interesting solutions of iodine are best compared 
hy inspecting the composite cupa'CS of the results on 5 dogs in Chart 1. The 
curves shoAv the average blood pre.ssure depressing effect of 0.1, 0.2, 0.3, and 
OA gm. of iodine in the various solutions. The composite results on the other 
solutio ns are shown in Table I in more detail. 

Department of Physiology and Pharmacology, Northwestern 
cal School, Chicago. 

Received for publication, August 17, 1939. 
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Table I 


CojrPARATiVE A%'eeage Effect of Various Iodine Solutions on Blood Pkessuke* 




IIG. PER 
KG. 

AVERAGE 

: 

SOLUTION 

GM. I 

B.P. CHANGE 

REACTION TIME 




IN itM. 


Amend ’s 

0.1 

9-11 

3 

Immediate reaction returning to normal 

Lugol 's 




in 30 see. 

0.1 

9-11 

16 

Immediate reaction returning to normal 

10% K1 




in 30 sec. to 60 sec. 

0.1 

9-11 

13 

Immediate reaction returning to normal 





in 60 sec. 

10% Nal 

0.1 

9-11 

2 

Immediate reaction returning to normal 





in 30 sec. 

Amend ’s 

0.195 

18-22 

2 

Immediate reaction returning to normal 





in 10 sec. to 30 sec. 

Lugol 's 

0.195 

18-22 

09 

Immediate reaction returning to normal 





in 60 sec. 

10% Klf 

0.195 

18-22 

9 

Immediate reaction returning to normal 

1 




in 30 sec. to 60 sec. 

10% Nal 

0.195 

18-22 

4 

Immediate reaction returning to normal 





in 10 sec. 

Amend ’s 

0.390 

36-44 

12 

Gradual slow decrease returning to nor- 





mal in 2 to 3 min. 

Lugol ’s 

0.390 

36-44 

2 cases — 

Immediate reaction 




fatal 


10% Nal 

0.390 

30-44 

4 

Immediate reaction returning to normal 

Amend ’s 

0.47 

1 


in 10 see. 

52 

8 

Gradual slow decrease returning to nor- 

1 

Amend ’s 

0.1 

1 


mal in 3 min. 

<i‘7 

2 

Immediate reaction returning to normal 


0.1 


1 

in 30 sec. 

K Lugol ’s 

3-7 

22 

Immediate reaction returning to normal 

1 

0.1 


1 

in 1 min. 30 sec. 

A'a Lugol ’s 

3-7 

S 14 

Immediate reaction returning to normal 





in 1 min. 

Na Lugol 's 

0.1 

3-7 

5 

Immediate reaction returning to normal 

plus 1% 
gelatin 




in 30 sec. 

Immediate reaction returning to normal 

Amend ’s 

0.2 

6-14 

2 

K Lugol 's 

0.2 

' 0-14 

57 

in 1 min. , 

Immediate reaction returning to DorB!.ai 


0.2 



in 1 min. 30 sec. . 

JTa Lugol 's 

6-14 

20 

Immediate reaction returning to norma 

Na Lugol ’s 

0.2 

6-14 

8 

in 1 min. _ , 

Immediate reaction returning to norma 

plus 1% 

! 



in 45 sec. 

gelatin 

Amend ’s 

0.3 

12-2S 

2 

Immediate reaction returning to normal 

K Lugol 's 

1 

0.3 

12-2S 

124 

in 1 min. , , 

Gradual reaction returning to norma 

Na Lugol ’s 

0.3 

12-28 

34 

5 min. _ t 

Immediate reaction returning to no 

Na Lugol ’s 

0.3 

12-28 

22 

in 1 min. 30 sec. _ . 

Immediate reaction returning to no 

plus 1% 




in 1 min. 

gelatin 

Amend ’s 

0.4 

24-56 

G 

Immediate reaction returning to normal 





in 1 min. 





(only case — 40 mg. per Kg.) 


‘Five dogs Tvere used ranging from 9 to 11 Rg. ; ether anesthesia used in ali cases. 
tin two cases this dosage caused death of the animals. 





Di;llJIAN’-IVy : TOXICITY OP VARIOUS IODINE SOLUTIONS 


115 


■\Vlicn 0.1 gni. of iodine was injected in tlic form of tlie various solutions, 
Amcnd’s solution depressed blood pres.siirc four times less than 10 per cent 
potassium iodide, five times lc.ss than Lugol’s solution, while 10 per cent sodium 
iodide had the same effect as Amend s .solution. 

When 0.2 gm. of iodine was injected, Ijiigol’s solution depressed blood 
pressure eleven times more than Amend 's solution, and 10 per cent sodium 
iodide two times more. Two dogs died after the 0.2 gm. of 10 per cent potassium 
iodide. 

When 0.4 gm. of iodine as Lugol ’s .solution was injected, it proved fatal in 
2 of 5 dogs. Amend's solution and 10 per cent sodium iodide had a relatively 
slight effect. 

BLOOD PRESSURE FALL 



Chart 1. 


Since Amend’s solution is essentially a mixture of sodium iodide and iodine, 
the iodine being bound to a proteinlike substance, the toxicity of Amend’s solu- 
tion and a solution of 10 per cent sodium iodide and 5 per cent iodine were 
compared by the blood pressure method. The sodiiim-Lugol’s solution was pre- 
pared and injected in equivalent iodine doses. The composite results may be 
compared by inspecting curves B and D in Chart 1. In doses of the two solu- 
tions of from 0.1 to 0.3 gm. of iodine, Amend’s solution is less toxic than sodium- 
Lngol’s solution, although the latter is considerably less toxic than potassiiim- 
bugol’s solution. This sliowed that the protcinlike substance in Amend’s 
solution actually buffers the free iodine. 
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We then tried the effect of adding proteins to the sodium-Liigol’s solution. 
We used 1 per cent gelatin, 0.5 and 1 per cent egg albumen, and 1 and 2 per 
cent gastric mucin. All the solutions proved to be less toxic by the blood pres- 
sure depressing test than sodium-Lugol’s solution alone. The least toxic solu- 
tion was sodium-Lugol’s plus 1 per cent gelatin. The comparative effects of 
Amend ’s and sodium-gelatin-Lugol ’s solution are shown in Chart 1. The results 
show that protein substances can serve as a buffer for free iodine and reduce the 
toxicity of iodine solutions, such as sodium-Lugol’s solution. 


Table II 


SUBJECT 

AMOUNT 

IODINE 

100 MG. I 

BLOOD IODINE " 
PER 100 C.C. 

URINE IODINE 

TOTAL PER 

24 HR. 

% IODINE 
ELIMINATED 

IN URINE 

CONTROL 

PEAK 

CONTROL 

POST 

IODINE 

j 

Amend ’s 

1.4 

15.5 

45.0 

763.0 

0.7 


Lugol ’s 

5.6 

8.4 

180.0 

785.0 

0.7 

M 

A. 

1.4 

7.0 

53.0 

3603.0 

3.6 


L. 

5.6 

8.4 

168.0 

1220.0 

1.2 

M 

A. 

0.70 

8.4 

20.0 

8265.0 

8.2 


L. 

1.4 

9.8 

108.0 

11426.0 

11.4 

E 

A. 

5.6 

12.7 

322.0 

1161.0 

1.2 


L. 

4.2 

11.3 

193.0 

835.0 

0.8 

B 

A. 

2.1 

21.1 

66.0 

3993.0 

3.9 


L. 

2.1 

9.8 

94.0 

2536.0 

2.5 

H 

A. 

2.8 

11.3 

85.0 

584.0 

0.5 


L. 

2.8 

11.3 

46.0 

695,0 

0.7 

J 

A. 

1.4 

12.7 

124.0 

911.0 

0.9 


L. 

4.2 

12.7 

183.0 

920.0 

0.9 

A 

A. 

1.4 

8.4 

146.0 

7718.0 

7.7 


L. 

2.1 

8.4 

76.0 

4104.0 

4.1 

Average 

A. 

2.1 

12.1 

108.0 

3375.0 

3.4 


L. 

3.3 

10.0 

131.0 

2815.0 

2.8 

Dog 1 

A. 

2.1 

12.0 

14.5 

765.0 

0.7 


L. 

2.1 

5.6 

9.8 

197.0 

0.2 

Dog 2 

A. 

2.8 

6.4 





L. 

5.6 

13.1 




Dog 3 

A. 

3.5 

23.9 

11.0 

886.0 

0.9 


L. 

5.6 

16.8 

13.2 

246.0 

0.2 

Dog 4 

A. 

2.9 

26.0 

8.8 

322.0 

0.3 


L. 

5.6 

28.1 

6.7 

152.0 

0.2 

Average 

A. 

2.8 

17.0 

11.4 

658.0 

0.6 


L. 

4.7 

15.9 

9.9 

198.0 

0.2 


Emesis Point. — Experience has taught that dogs with food in their stomachs 
are quite sensitive in regard to the production of emesis when certain toxic 
substances are -injected intravenously. We used this as a test of the rclatnc 
toxicity of Amend ’s and Lugol’s solutions when given intravenously to un 
anesthetized dogs. The dogs were fed a meal, and the. least amount of the tvo 
solutions required to cause emesis was determined. Five of 6 fed dogs of ap 
proximately the same body weight (10 kg.) vomited after the intravenous mjc^^ 
tion of 100 mg. of iodine in the form of Lugol’s solution. Vomiting di 
occur with smaller doses. One hundred milligrams of iodine as Amend s so 
tion had no effect. One hundred and fifty milligrams of Amend ’s solution cause 
nausea (salivation), slight retching, but no vomiting, in 6 dogs. 
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In 2 out of 4 dogs 50 nig. of iodine as Liigors solution "was given by stomach 
tube and the tube washed with 100 c.c. of water; salivation and apparent nausea, 
but no vomiting, occurred (stomach empty). When 50 mg. of iodine as Amend 's 
solution were given similarly, salivation and other objective .symptoms did not 
result. This difference can be interpreted as showing that the Lugol’s solution 
irritated the stomach and duodenum more than the Amend 's solution, the 
“free” iodine of which is adsorbed to protein. 

Blood Iodine Curves . — Iodine is normally present in the blood in an average 
concentration of 4 gamma per cent.- Numerous invc-stigators have shown that 
for a period of several hours after the ingestion of iodine, the blood iodine rises 
to a maximum and then falls, producing a blood iodine curve. Accordingly, the 
blood iodine curves of 8 normal human subjects after the inge.stion of equivalent 
iodine doses of Amend ^s and Lugol’s solutions were determined. The iodine 
tolerance method of Perkins and his co-workers'’ was used. The results for the 
human and animal studies arc given in Table II. In man. the blood iodine in- 
creased from 2 to 3 gamma per cent to 12 gamma per cent, and the peak was 
reached in the second hour after ingestion. In dogs the blood iodine crirves for 
both Amend’s and Lugol’s solutions show similar but greater changes. The 
blood iodine increased from 3 to 5 gamma per cent to 15 gamma per cent. How- 
ever, when Lugol’s solution was taken, the peak in blood iodine occurred in one- 
half an hour, whereas witli Amend’s solution it occurred in the second hour. 
We have no explanation for this phenomenon. The difference between the 
average control and maximum values for Amend ’s .solution and Lugol’s solution 
is well within the experimental error of tlie blood iodine method. 

The amount of iodine eliminated in the urine of luiman beings, when either 
Amend’s or Lugol’s solution was taken, also shows a close correspondence (Table 
II). The small amoiuit eliminated can be explained by the fact that the iodine 
method used gives re.sults which arc S to 10 per cent lower than those obtained 
by the earlier methods. 

Bate of Absorption . — Tlie rate of absorption from the gastrointestinal tract 
of luiman subjects was determined by the time of occurrence of the peaks in 
the blood iodine curves, and also by the time of appearance of iodine in the 
saliva after receiving 50 mg. of iodine solution by Rhefuss’ stomach tube.^ In all 
cases, when either Amend’s or Lugol’s solution was ingested, the iodine was 
detected in the saliva within fifty to sixty minutes. The salivary glands were 
not stimulated by any such mechanical means as paraffin chewing, which ac- 
counts for the delayed appearance in the saliva, 

Bptake of Iodine hy the Thyroid . — We have followed the method of Van 
Pyke® in this work. Eight dogs, weighing approximately 6 kg. each, were used 
and anesthetized with nembutal (sodium pentobarbital). After careful ex- 
posure of the lobes of the thyroid, a control sample consisting of the lower pole 
of either the right or left lobe was removed. In all cases it was found that the 
difference in control iodine content between right and left lobes was insignificant. 
Then, either Lugol’s or Amend’s solution in 50 mg. iodine doses was injected 
hito the femoral vein. After thirty miiintes a suitable sample of the gland was 
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removed. The remaining iodine solution was then injected, and after thirty 
minutes the rest of the thyroid tissue was excised. All samples were weiglied 
fresh, and the iodine concentration determined immediately by Stevens’ 
method.^ Table III gives the results obtained from analyzing portions of the 
thyroid gland before and after iodine injection. Although the iodine content 
per gram of the control lobe was found to be very small, the iodine concentra- 
tion increased several hundred per cent after injection of an iodine solution. 
It mattered very little whether Amend ’s or Lngol's solution was used, since, in 
either case, the iodine was utilized to approximately the same extent by the 
thyroid tissue. 

Table III 


Uptake of Vakious Iodine Solutions bv the Thyroid Gland 


bJ 

(b . 
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O »-3 

a 

W2 

g° 
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^ ^ 

M 0 g 

s § 3 

^ 0. o 

1 

5 

Amend 's 

140 

0.005 

0.005 

120 

0.51 

0.510 

0.505 



Lugol ’s 




81 

0.50 

0.500 

0.495 

2 

5 

Amend ’s 

250 

0.0028 

0.0028 

180 

0.24 

0.240 

0.237 



Lugol ’s 




290 

0.14 

0.140 

0.137 

3 

G 

.Amend ’s 

230 

0.003 

0.003 

670 

0.08 

0.08 

0.077 



Lugol’s 




600 

0.09 

0.09 

0.0S7 

4 

C 

Amend ’s 

130 

0.005 

0.005 

440 

0.13 

O.Vi 

0.125 



Lugol ’s 




580 

0.13 

0.13 

0.125 

5 

G 

-Amend 's 

150 

0.004 

0.004 

260 

0.12 

0.12 

0.110 



Lugol’s 




250 

0.12 

0.12 

0.116 

G 

G 

Amend ’s 

500 

0.0014 

0,0014 

390 

0.15 

0.15 

0.14 



Lugol ’s 




SOO 

0.10 

0.10 

0.09 

7 

G 

Amend ’s 

210 

0.003 

0.003 

420 

0.10 

0.10 

0.097 



Lugol ’s 




340 

0.11 

0.11 

0.107 

s 

6 

Amend ’s 

135 

0.005 

0.005 

325 

O.IG 

0.16 

0.155 



Lugol ’s 




505 

0.13 

0.13 

0.125 


Iodine-Sensitive Human Subjects . — In this study we were able to obtain 
only 3 persons who manifested hypersensitivity to iodine. Two of these sub- 
jects manifested the most usual type of iodine hypersensitivity, nanielj, 
sialorrhea. One hundred milligrams of iodine as Amend ’s solution when given 
orally resulted in excessive salivation and nausea which lasted for thirty-six 
hours; 20 mg. of iodine as Lngol’s solution gave similar toxic effects. 

The third subject was extremely hypersensittye to iodine when taken 
orally or applied to the skin. When Amend’s and Lugol’s solution.s in 
equivalent iodine doses were applied to the inner aspect of the forearm, ic 
area painted with Lngol’s solution showed a definite irritation the next da>t 
and in three days a marked dermatitis with redness, edema, and small papules. 
The Amend’s solution produced no reaction. 

DISCUSSION 

Essentially there are two groups of iodine solutions : those that contain 
sodium cation and those with the potassium cation. That this is an importan 
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factor in determining the toxicity of an iodine .solution iias been fairly well estab- 
lished. It is pharmacologically known that in large doses the potassium ion is 
more toxic than the sodium ion. Further, Osliornc^ has reported that when 
potassium iodide is ingasiod, an average of 15 per cent of the iodine is present 
in the plasma in combination with protein and the rest as sodium iodide, there 
being no evidence that pota.ssiuin iodide is ab.sorbed as such. It was found that 
potassum iodide is not as well tolerated as .sodium iodide, and that more pi'otein 
iodide is formed by iodinc-hyper.scn.sitivo patients than in the noniodine-sensitive 
patients. However, we arc not in a position to say that more protein iodide 
is formed with those iodine .solutions containing the potassium ion than those 
with the sodium ion; this would eonstiiiile a major investigation. 

In an attempt to decrease the loxieily of iodine solutions containing free 
iodine, variou.s organic substances liave been added whieli pliysically combine 
with the free iodine. Tims, tlie decreased to.Nicit^- of Amend's solution in com- 
parison with other iodine solutions can he explained I)y the presence of the 
proteinlike substance wliich acts ns a “ImftVring agent” for tiie iodine. How- 
e\'er, there is no reason to liclievo that the free or loosoiy-Iinked iodine in 
Amend’s solution is absorbed a.s such. l\tore likely, llu> loo.se liiilcagc between 
the free iodine and the proteinlike .suhslancc would l)e broken, and the iodine 
converted primarily into sodium iodide and al).s()rl)ed as tlie iodide. That sodium 
iodide is practically as toxic as Amends .solution and mucli less toxie than 
bugoFs solution and potassium iodide is borne out by our blood pressure 
experiments. However, if Lugol’.s solution is administered in milk, the milk 
would buffer the free iodine, thus greatly alleviating the irritating effects of 
this solution wdion taken orally. Ilcncc, it niay be said, that if Amend’s and 
Lugol’s solutions were given in milk, there sliould be no difference bctw’een the 
doses of iodine required to excite the iodine-.sensitive patient. What effect the 
formation of protein iodide has in reference to iodine sensitivity should be in- 
vestigated thoroughly. It would also he very interesting to know whether 
the formation of protein iodide repre.seiits the oss*ential feature of the 
therapeutic value of iodine or the toxic inaidfostations of iodine, or both. 

SUSIMARY AND CONCLUSIONS 

We have investigated the relative toxicity of various iodine solutions in 
leference to blood pressure depression, to the emesis point w'hen injected 
intravenously or when taken orally, to the blood iodine curve, and to their 
effect in iodine-sensitive patients. 

The relative toxicity of an iodine solution administered orally, intra- 
^ snously, or percutaueously, appears to be I'olated to the presence of the 
sodium or potassium ion in the solution, to the presence of a buffering agent 
to neutralize free iodine if the latter is present, and possibly to the amount 
of protein iodide formed during absoi-ption of orally administered iodine. 

Amend^s solution, which according to our analysis is essentially a solution 
of sodium iodide containing free iodine adsorbed to a protein, and sodium iodide 
are less toxic when given intravenously, are less irritating to the stomach when 
taken orally, and are better tolerated by iodine-sensitive subjects than Lugol’s 



120 


THE JOURXAL OF LABORATORY AKD CLINICAL MEDICINE 


solution in iodine-eqnivalent closes. According to the results of the Wood 
iodine curve and the uptake of iodine hy the thyroid, Amend’s solution and 
sodium iodide should be ns effective as Lugol’s solution in the treatment of 
hyperthyroidism when given orally in iodine-eciuivalent doses. 
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THE CONCENTRATION OP VITAMIN 0 IN THE BLOOD DURING AND 

AFTER PREGNANCY'^- 


A. Sadovsky, D. Weber, and E. Wertheimer, Jerusalem, Palestine 


I. Theoretical Part 

T he quantity of ascorbic acid excreted in the urine after a tolerance test of 
vitamin C is a widely used indicator of vitamin C deficiency in human 
beings. This method, generally regarded as the best, furnishes information con- 
cerning the state of repletion of the vitamin C reserves of the body. It is an 
open question, however, whether deficiency or absence of reserve vitamin 0 is 
an indication of pathologic hypovitaminosis or avitaminosis. In laboratory ex- 
periments with guinea pigs, for example, it could be clearly shown that the dose 
of vitamin C necessary for the maintenance of reserve in a state of repletion 
is almost ten times as great as the minimum protective dose. Guinea pigs given 
the minimal dose of vitamin C enjoyed full health and life, even though the 
vitamin C content of their tissues was minimal. Moreover, it was found lhat 
guinea pigs whose vitamin C reserve was brought to a maximum by providing 
them with a diet rich in vitamin C were just as susceptible to avitaminosis when 
transferred to a diet deficient in vitamin C as guinea pigs which had not 
previously been provided with a body store of vitamin C.^ This finding is 
higlilj' surprising. The observations are stidctly applicable for the present oiilj 
for the case of guinea pigs, but there is no valid reason for assuming that tlie 
relationship in human beings is essentially different. Pending further evidence, 
it seems fair to conclude that before the repletion test can be correctly used as 
an indicator of avitaminosis, proof must he advanced that it has a diffeicn 
significance in human beings than in guinea pigs. The experimental data non 

^rom the Laboratory ot the Rothschild Hadassah Hospital and tlie XIothers’ Velfare 
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available support the conclusion that a heavy retention of vitamin C in the 
repletion test is evidence that the body vitamin C reserves are partially or totally 
exhausted but it is not by any means an indication of hypovitaminosis or 
avitaminosis. 

Despite the low level of the reserve, vitamin C metabolism may proceed 
along normal lines. Every case of scurvy will, therefore, show a marked re- 
toitioii of fed vitamin C, but not every ease of retention is an indication of 
scurvy or even of “prescurvy.’" The span between the protective and the 
storage dose is considerable. In statistical studies based on repletion tests the 
number of healthy individuals classed as deficient remains an imloiomi factor. 

It has been pointed out that the experiments witli guinea pigs show that 
the previous repletion of tlie body vitamin reserve docs not confer a significant 
advantage. This docs not mean that the minimum dose and no more should be 
administered, but it docs suggest that tlic feeding of large vitamin C quan- 
tities is of doubtful utility. The possibility remains that pharmacologically 
vitamin C in large doses may be useful as a detoxicant, this aspect is not, how- 
ever, related to the normal function of vitamin C in tlie body. 

Recent experiments tlirow some fnrtber light on the foregoing findings. 
It has been shomi that the Iichavior of vitamin C in the urinary excretion is 
that of a thre.'shold substance.' Its scrum concentration must be raised from 
a minimum level of 0.7S mg. per cent or from a medium level of 1 0 mg. per cent 
to a level of 1.4 mg. per cent before cxei'ction can occur. The latter is the 
threshold saturation level, but 0.78 mg. per cent is still normal and is by no 
means an indication of scur\T« 

It must further be remembered that the excretion of vitamin C in urine 
depends on several factors. Tlio excretion is greater and the retention is less, 
for instance, in acid than in allcalinc urine. The vitamin concentration of single 
urine samples is no longer regarded as significant. Even determinations carried 
out on a day urine may be misleading. 

We believe that tlie surest method of determining an actual vitamin defi- 
ciency in contradistinction to a mere reserve deficiency is provided by assaying 
the concentration of vitamin C in the blood. It is known that the blood vitamin 
C level reflects the vitamin C Ijalance of the organism.^ Symptoms of scurvy 
ore unfailingly accompanied by a low blood concentration of vitamin C. Re- 
covery from the disease is accompanied liy a corresponding increase in its blood 
concentration. Thus in the survey of the food distributed by the social service 
agencies we are able to show that. the vegetable and fruit content of the diet in 
different districts is correlated with the concentration of vitamin C found in 
the blood. This latter averaged about 1 mg. per cent in our findings; the mini- 
mum was never less then 0.78 mg. per cent. 

The available information of the behavior of vitamin C in the blood was 
found to be deficient in several respects. To fill this lack, some general experi- 
ments on vitamin C in blood were carried out before work on clinical aspects 
was undertaken. Vitamin C (reduced form) was determined in the blood ac- 
cording to the method of Farmer and Aht. In this method, as in most others, 
Tillnian’s reagent is nsed for titration. The validity of the values obtained with 
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this reagent in urine and other biological fluids has been questioned.^ It must 
lie shown, therefore, that in the method adopted it is actually only vitamin C 
which is titrated. It may be noted tliat Farmer and Abt^ have shown that in 
scurvy the reducing values of the blood are very low, but that, nevertheless, 
a residual reducing ability derived from some source other than vitamin C may 
be present. 

Crystallization of blood vitamin C as an osazone’’ is not practicable. To 
lest the titration procedure a method to be described was therefore proposed. 
The basis of the method is the fact that many plant juices contain an enzyme 
which almost specifically catalyzes the oxidation of vitamin C. Press juice of 
cucumbers, for example, contains this enzyme in high concentration.^'® 

The effectiveness of enzyme solutions obtained was tested on known ascorbic 
acid solutions under constant conditions. Boiled press juice was found in con- 
trol tests to be without action. In preliminary experiments it could also be 
established that serum was without inhibitory action upon the enzyme. Experi- 
ments were then set up as follows : 1 ml. of cucumber juice was added to 3 ml. 
of serum. As a control, 1 ml. of water or boiled juice was added to 3 ml. of 
serum. The enzyme was allowed to act for fifteen minutes at room temperature. 


Table I 


Action op Cucumber Juice on Vitamin C in Serum and in Plasma 


NO. 

SEPvURt 4- 
CUCUMBER 
JUICE 

VITAMIN C IN MG. 

SERURI 

CONTROL 

BER CENT 

PLASMA + 
CUCUMBER 

JUICE 

PLASMA 

CONTROL 

1 

Trace 

0.9 

Trace 

1.1 

2 

0.12 

0.7 

Trace 

1.3 

o 

•i 

0.14 

1.1 

Trace 

1.2 

4 

0 

0.6 



5 

Trace 

1.3 



6 

Trace 

1.3 



7 

0 

0.8 



s 

0 

1.4 



9 

0 

1.0 









Table I shows that the entire reducing ability of serum to Tillman’s reagent 
is almost invariably abolished by the action of encumber juice. The residual 
reducing power found in certain cases was almost completely accounted for by 
the reduction values found in the blank. It is right to conclude therefoio 
that the method of Farmer and Abt gives a measure of the actual concentration 
of vitamin C in the serum and is not in practice subject to the interference o 
reducing agents, other than vitamin C. 

A second aspect requiring investigation was the velocitj' of oxidation of 
vitamin C in the blood. The rapidity with which vitamin C in the urine anc 
other biological fluids is decomposed and the difficulties caused thereby in fii® 
way of precise determination are knoivn. We found that the speed of oxidation 
in serum is relatively much slower. The serum protein was easily shown to be 
responsible for the oxidation inhibition. Addition of serum to a pure ascorbic 
acid solution produced the full inliibitory effect; addition of deproteinized serum 
produced no inhibition whatsoever. The inhibitoiy effect observed is a com- 
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111011 iiroperly of many colloids and is a result of tlicir aliilitj' to bind copper 
by its conversion into an ineffective complex. Gelatin, agar, and gum arabie 
inhibit ox'idatiori; pectin, on tlic other hand, .stinuilates oxidation. 


Table II 


IxiuBiTiox or Oxidation dy Addition op Oxalate 


TIME 

HOURS 

WATER 

WATER + 
OXAUVTE 
ADDITION 2 

.SEP.USI 

% 

PLASMA + 
OXALATE 

ADDITION 



Pbo.'spJwte buffer pH 6.1> 



Ascorbic ncitl in 

mg. per cent 


0 

1.60 

1.05 

0.S2 

0.82 

1 

1.2o 

1.04 



2 

0.05 

1.04 



3 

0.G2 

1.02 

0.43 

0.47 

24 

0 

J.40 

Trace 

Trace 


Oxidation is inliibitcd but not suppressed by serum proteins. The loss 
in vitamin content of tlic scz'um 10 . 13 * «Tniount to 30 per cent or more within a 
licriod of four liours at room Icmjicraturo. If it is impossible to carry out tlic 
anal.vsis of blood samples immcdiatcl}*, the ijuo.stion wlicthcr oxidation of 
ascorbic acid in the blood can be suppressed by artificial additions therefore 
nssumos practical intcre.st. In controlled experiments it was shown that the 
addition of oxalate to pure ascorbic acid solutions almost completol}* inhibits 
the oxidation process (comi)lox formation). This method would be simplest 
for blood. It was found, Iiowcvcr, that the addition of oxalate to blood, i.c., 
to tested plasma samples, failed to inhibit oxidation. 


Tabix III 


Effect of KCN (5 mg. Per Cent) on the Oxidation op Vitamin C 
IN Serum (Plasma) 


TIME 

Hours 



MTAMIN 0 IN 

MC. PER CENT 


SEBUit 

SERUM 
+ KCN 

.SEnU.M 

SERUM 
+ KfN 


SERUM 

SERU.M 
+ KCN 

4 

1.4 

3.4 




1.4 

1 4 

i 

1.3 

1.3 

1.2 

1.4 

l.U 1.3 



2 

1.1 

1.2 1 

1.1 

1 3 

0.7 0.7 

1.20 

1.23 

3 

1.0 

1.0 , 

1.0 

1.0 






1 




1.12 

1.15 

24 



0.1 

0.3 


0.47 

0 

1 

1.3 

1.3 






2 



0.7 

0.8 




4 


1 

0.4 

0.5 




S 

0..3 

Trace 



1 




Pure Ascorbic Acid Solution, Phosphate Buffer pH 7.2 


TIME 

HOURS 

b 

A 

24 


VITAMIN C IN MG. PER CE.NT 
AQUEOUS SOLUTION 

1,04 

O.Sl 

0 


IN 1 MG. PER CENT 
KCN 
2.26 
2.24 

2.h 

2.00 


In pure solutions and in many biological media, hydrocyanic acid, I tile best-’ 
kiiomi retardant of iieavy-metal catalyzed reactions, is generally Used aa'pn 
inlubitor of ascorbic acid oxidation. It seemed promising to teat JBiQlWliod 
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in blood, the more so since this method has already been used for this purpose 
})y several investigators.”’ Careful anal3^si.s revealed, however, that suppres- 
sion of oxidation of vitamin G in serum by addition of potassium cyanide is lui- 
certain. Table III compares the effect of potassium cyanide in pure solutions 
with the effect in serum. 

For several experiments, an inhibition of vitamin C oxidation in native 
undiluted serum bj'- means of hj’^drocjmnie acid could not be obtained. Re- 
eentlj". Farmer and Abt“ reported their inabilitj^ to obtain an inhibition of 
vitamin C oxidation in serum b}’" means of potassium cj^anide. The oxidation 
process in question which occurs equalh’' well in the presence as in the absence 
of x>otassinm cyanide is, therefore, not a process catalyzed by heavy metals, 
but an auto-oxidation.^- A number of substances known for tlieir ability to 
form complexes with heavj' metals and which inhibit oxidation effectively in 
pure solutions were without influence on oxidation in serum. Heating to 60“ 
C,, it may be noted, accelerated the oxidation. 

No practical and easy method of inhibiting the oxidation of vitamin C in 
stored serum was found. It is essential, therefore, to carry out detei’mination 
of vitamin C in blood immediately after the sample is draum. A delay of several 
hours in carrying out the titration may significantly reduce the vitamin con- 
centration found. If the deproteinized blood cannot be analyzed immecliatel}', 
the use of metaphosphoric acid as a deproteinization agent is advantageous. 
Table IV compares the values of vitamin C obtained after different times in 
blood whicii lias been deproteinized by metaphosphoric acid and Poiin-Wn re- 
agent, respectively. 

Table IV 
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negligible. At this pH the stability of vitamin C in serum is least. Acidification 
of scrum samples is, therefore, a disadvantage and not an advantage in analysis. 
Since tlic effect of KCN is mncli more marked in the acid pH range than in 
the alkaline range, it may be concluded that at acid pH heavy metal catalysis 
occurs.” 

Table V 


TlilE 

HOURS 

pit 

.SERUM 

ASCORBIC 
= 8 

CONTROL 

Ann IN iic I’Ei; cent 
pil := 7.2 

.SERU5I CONTROL 

pli 

SERUit 

= 5.8 

CONTROL 

0 

2.30 

2.30 

2.35 

2.00 

2.40 

2.10 

1 

2.11 

1.45 

•J oo 

O.ftS 

1.55 

I.IG 

2 

2.10 

l.ic 

2.12 

0.02 

1.15 

0.74 

3 

2.00 

0.57 

1.90 

0.23 

0.72 

0.20 

24 

1.15 

0 

1.05 

0 

0 

0 

TIME 

HOURS 

SERUM 

pil = 8 
SERUM 
+ KCN 

BLANK 

SERUM 

pn = 5 
SERUM 

+ KCN 

CLANK 

0 

1.80 

1.85 

1.40 

1.78 

1.70 

1.48 

2 

1.75 

1.83 

0.4.1 

0 35 

1 34 

0.30 

3 

1.G5 

1.7S 

0.13 

0 

1.2.1 

0 

24 

0.59 

O.GG 

0 

0 

0.31 

0 


summaky 

It has been shovn that tlio behavior of vitamin C in sonim is distinctive 
Tlio Oxidation o£ tlic vitamin is inliibitcd markedly by the scrum jiroteins. 

The stability of the vitamin (i.c., tlie inhibition of oxidation) is greatest at 
neutral or weakly allialino pll. On the acid side, tlie inliibitory effect dimin- 
ishes until at pH 5 it is minimal (controlled experiments in 4 per cent scrum). 

Potassium cyanide and other substances of similar activity do not inhibit 
the residual auto-oxidation of vitamin C in serum. Ko method of inhibiting 
this residual oxidation could be found. The determination of vitamin C in the 
blood must, therefore, be carried out immediately after the blood is drarni 
Within a few hours, losses have already occurred. In this respect, deprotein- 
ization by mctaphosphoric acid presents an advantage, since vitamin C in meta- 
phosphoric acid filtrates remains intact for several hours, whereas in Folin-Wu 
filtrates under similar conditions it is unstable. 

By the action of ascorbic acid oxidase, the reducing power of serum toward 
Tillman’s reagent is practically reduced to zero. The reducing power of serum 
toward this reagent, therefore, constitutc.s a valid measure of its vitamin C con- 
tent. The action of oxidase is not influenced by serum but hea^’;>* metal catalysis 
is inhibited by serum. 

n. CLINICAL PART 

During the period between September 8, 1936 to September 24, 193 t; tlic 
blood vitamin C content of 322 women was examined. The average concentration 
of vitamin C was found to be 1.01 mg. per cent. 

Table Vl shows that the average vitamin C concentration of the blood is 
highest during pregnancy, and loAvest after confinement. The latter values, 
however, were all obtained during August and September, and since at this time 
of the year the blood vitamin concentration in women is not yet at its normal 
level, conclusions based on the figures obtained are necessarily tentative. 
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Table VI 


Concentration of Vitamin C in Blood of Human Females 


description op subject 

NUMBER OF 

CASES 

AVERAGE BLOOD VIT.XMIN u 
CONCENTRATION IN 

JIG. PER CENT 

NonpregDant 

47 

0.98 

Pregnant 

207 


After confinement 

62 

0.787 

Total 

322 

1.01 


In Table VII the vitamin level at different months of the year is indicated. 
The highest values were obtained between October and Febraary inclusive, i,c., 
dui’ing the citrus season; after this the values gradually decreased. This finding, 
therefore, constitutes further pi'oof of the close correlation between the diet 
and the concentration of vitamin C in the blood. 

Table VII 


Concentration of Vitamin C in Blood During Different Months 
OF THE Year in Falestine 


MONTH 


NO. CASES 
TESTED 

AVERAGE BLOOD VITAMIN C 
CONCENTRATION IN MO. 

PER CENT 

October 

1936 

16 

1.24 

November 

1930 

38 

1.12 

December 

1930 

19 

1.27 

January 

1937 

16 

1.29 

February 

1937 

28 

1.21 

March 

1937 

9 

l.lfi 

April 

1937 

16 

1.09 

May 

1937 

36 

0.95 

June 

1937 

32 

l.Oi 

July 

1937 

47 

0.95 


Among the 207 pregnant women examined, 7 serious cases of liyperemesis 
gravidarum were found. Whereas the average vitamin concentration in the 
blood of pregnant women was found in a total of 207 cases to be 1.09 mg. per 
cent, the average concentration of vitamin C in the blood of the 7 women suffer- 
ing from vomitus gi'avidarum was 0.70 mg. per cent; the deviations from tins 
figure were very small. 

Table VIII 


Concentration of Vitamin C in the Blood of Wqjien During Syperemesis Gravidaron 


NUMBER OF CASES 
TESTED 

DESCRIPTION 

average CONCENTRATION OP 
WTAMIN C IN BLOOD 

IN MG. PER CENT 

207 

Pregnant 

1.09 

7 

Cases of hyperemesis 

0.70 


gravidarum 

— — ' 


It may be suggested on the basis of experience, that the lou' concentiatioa 
of vitamin in these eases is a secondary rather than a primary symptom, and is 
the result of a vitamin shortage created in the blood by continuous vomiOOo 
and deficient nutrition. 
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liecentlj' the treatment of liyperemcsis gravidarum by vitamin C has been 
suggested. Selimidt,’* Dicker,'^ and otliers reported success in the use of large 
vitamin C doses. 

Of tlie 7 iiatients we encountered, 4 were treated witli vitamin C, only one 
of whom was successful. 

Four of tlie patients were beneficially affected simply by the different en- 
vironment jirovided by hospital life, and ceased to vomit four days after 
admission to the hospital, even without special treatment. One of these 4 had 
been treated at her home with large doses of vitamin C but with little success. 
All 4 showed low blood vitamin concentration, the rates being 0.61, 0.65, 0.70, 
and 0.88 mg. per cent, respectively. 

The data collected seem to justify the following conclusions: (1) Adminis- 
tration of vitamin C is not a specific treatment for hyperemesis gravidarum. 
(2) The low concentration of vitamin C in the blood is a secondarj" sj'mptom 
evoked by undernutrition.*' 

In SO out of 207 pregnant women observed, the state of health of the teeth 
and the calcium and phosphorus concentration of the blood were determined. 

Stepp, Kiihnau, and Schroedcr’* expressed the opinion that vitamin C de- 
ficiency is primarily rc.sponsible for structural teeth deficiencies. 

Gacthgens'® regarded dental caries a s.vmptom of vitamin C deficiency 
during pregnancy. The severity of the caries in pregnancy, according to this 
author, is also influenced by vitamin D and calcium deficiency. 

Weibel'® and Seitz” both attributed caries during pregnancy to calcium 
deficiency. 

Mcllroy*' and the American Kescarch Committee** arrived at the conclasion 
that “mineral starvation” is responsible for caries. These authors rejected the 
possibility that vitamin C defieicne.v is the cause, since vitamin C failed in 
their experiments to influence the condition in pregnancy. 

Data on the state of health of the teeth in pregnancy arc classified in Table 
IX as good, medium, or bad (cases of caries or pulpitis teeth).*' 

Table IX 



The concentration of vitamin C in tlie blood of women is seen to be inde- 
pendent of the state of teeth. There was likewise no difference with respect to the 
concentration of phosphorus or calcium in the blood. Consistently higher con- 
centrations of vitamin C were recorded in the blood of pregnant women with 
healthy teeth, but the increase was so small that no certain conclusions can be 
based on these findings. 

The question whether there is a relationship between gingivitis and vitamin 
C was of some intere.st. In the recent literature Stepp, Kuhnau, and Schroeder’^ 
state that the cause of bleeding of the gums is vitamin C deficiency. 
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Seitz-® found that in about one-half the pregnant patients he examined, a 
marked swelling and reddening of the gums and a tendency to bleeding set in 
after the fifth month. 

Gaethgens'® assumed that vitamin C deficiency during pregnancy mani- 
fests itself as latent scurvy. Bleeding of the gums is supposed to be the only 
symptom of the latent disease. 

Of the 207 pregnant patients we examined, 43 cases of bleeding giuns in 
women of different ages were recorded. The concentration of vitamin C in the 
blood of these patients was in no ease far from the average of 1.18 mg. per cent. 
In 7 of the 43 patients, gingivitis was found to be associated with caries. The 
values obtained in such cases for blood vitamin C were ; 0.67, 0.69, 0.95, 0.97, 1.00, 
1.00, and 1.05 mg. per cent, respectively. The average value was 0.90 mg. per 
cent, and thus somewhat below normal. The number of observations is too 
small, however, to permit final conclusions. 

The foregoing results lead to the conclusion that vitamin C deficiency is not 
the cause of gingivitis during pregnancy. The values of vitamin C in gingivitis 
are definitely not below normal. 

Attention was directed to the concentration of vitamin C in the milk of 
human mothers after confinement. Sixty'-two women were examined during the 
period from August to September, 1937. The examination was conducted 
among the patients of the Rothschild Haclassah Hospital, all of whom received 
the same nourishment. The average concentration of vitamin C in the milk 
was found to be 4.62 mg. per cent, a value corresponding closely to that indi- 
cated in the literature (Bleycr, Cahnmann, and Schlemmer,--^ Harris and Ray,-* 
‘Waehholder,-^ Ferdinand-®) . 

One hundred forty -seven tests of the milk of 62 mothers on the first nine 
days after confinement were carried out. The results are summarized in Table 
X. A continuous increase in the vitamin C concentration of the milk from 
the first day on was noted. The quantity of vitamin C obtained by the infants 
on successive day-s after birth could be calculated. 


Table X 


Days after birth 

1 

2 

3 

4 

5 

0 

7 


Concentration of vitamin C 
in the milk, average 
value in mg. per cent 

2.03 

0.48 

5.41 

0.27 

5.55 

5.80 

5.48 

5.52 

Quantity of milk in gm. 


70 

140 

210 


350' 


490 


B 

2.430 


13.10 


20.51 

i 

1 


' 27.0 


. P 

The question whether a relationship exists between the concentration o 
vitamin C in the blood and in the milk seemed to be of some importance, o 
decide this point, the data on the concentration of vitamin C in the blood "cii- 
divided into two categories: patients with vitamin values below 0.(5 mg. pc‘ 
cent, and patients with vitamin values above 0.75 mg. per cent. Tlic icsu 
are recorded in Table XI. 
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Table XI 



(’ONCENTn\TION OP VITAMIN 

CONCENTr..\TION OP \1TAMIN 

NO. OF CASES 

C IN BLOOD 

C IN MILK 


Me. PER CENT 

MG. PER CENT 

CG 

Below 0.75 

5.1 

77 

Above 0.75 

5.5 


Table XI shows tliat tlic concent rations of vitamin C in miUc and in blood 
are not closely correlated. The impression was obtained that the vitamin con- 
centration ill the milk is maintained at the normal level even when the concen- 
ti’atioii in blood is below normal. This nnoxtieeted possibility will be tested 
more closely in exiierimenls to be nndciialvcii. According to statements in the 
literature, a correlation exists between the concentration of vitamin in the milk 
and in the urine as measured in the repletion test. 

It was established tliat the age of the mother, the number of children pre- 
viously liorn, and the weight of the born child do not influence the concentration 
of vitamin C in blood or in milk. 


.SL’MMARV 

The aim of this paper has been to show the importance of the estimation 
of vitamin C level in the blood for the exact diagnosis of a real vitamin C 
deficiency. 

The eoneentration of vitamin C in the blood of 322 women (pregnant, post 
partum, nonpregnant) was nionsurod. Tlio average* concentration was found to 
he 1.01 mg. per cent. 

In pregnant women (207 cases) the average blood concentration of vitamin 
C was 1,09 mg, per cent; in post-partum women (62 cases), the average con- 
centration was 0,79 mg. per cent; in nonpregnant women (47 cases), the average 
concentration w'as 0,98 mg. per cent. 

In severe cases of hyperemesis gravidarum, the blood concentration of vita- 
loin C was consistently low' and averaged 0.7 mg. j»or cent. The low concentra- 
tion is believed to be of secondary origin. Administration of vitamin C is there- 
fore not causal therapy. 

The concentration of vitamin C in tlie blood of pregnant women w'as found 
to be 1.13 mg. per cent when the teeth were in good condition (17 cases); 1.00 

per cent when the teeth were in medium condition (27 eases); and 1.01 

per cent when the teeth were in bad condition (36 eases). 

Tlic concentration of vitamin C in the blood of pregnant women suffering 
from gingivitis (43 eases) was normal, rating 1.18 mg per cent. 

The blood concentration of vitamin C when gingivitis was complicated by 
caries (7 cases) was slightly bcIow' normal, rating 0.9 mg. per cent. 

Tlic concentration of calcium and phosphorus in the blood of pregnant 
women w’as found to be independent of the condition of the teeth. 

Tlic concentration of vitamin C in human milk within the first nine days 
after confinement w’as measured (62 cases and 147 tests). The average con- 
centration was found to be 4.62 mg. per cent. 
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A continuous increase in the quantitj' of vitamin C in the milk heghmhig 
from the first day after birth was observed. 

The quantity of vitamin G excreted in the milk per day was calculated to he 
2.4 mg. on the second day, and 27 mg. on the eighth day post partum. 

The vitamin C concentrations of milk and blood were not found to be defi- 
nitely correlated. 

The age of the mother, the number of cliildren previously borne, and Hie 
weight of the newborn infant do not influence the concentration of vitamin C 
in the milk and in the blood. 

The blood concentration of vitamin C after confinement was below norma! 
(less than 0.75 mg. per cent) in 50 per cent of the patients examined. In cer- 
tain patients, values as low as 0.32 mg. per cent were encountered. 

A survey of the concentration of vitamin C in tlie blood during dift'erenf 
months of the year revealed the existence of a markedly higher average during 
the citrus season. 
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SUGNESIUM: THE EFFECTS OP INTRAVEXOUS INJECTIONS ON 
THE HUMAN HEART* 


^IiTCiiELii Bernstein, ]\I.D., F.A.C.P., and Sa.mi el Simkins, M.D., 
PinLADELI’ltlA, Pa. 


\ /ERY little work i.s availalJc concorninjr the parenteral effoets of niagiiesiuin 
* ou tlie heart. However, it is not uncommon to rtin across sucli statements 
in the literature that “sudden doatli followinjr the injection of a magnesium 
salt ... is not an uncommon occurrence.’’* The literature 1ms recently been 
summed up by i\IilIor and Van Dellcn, who in animal c.xperimcnfs found del- 
eterious effects by magnesium on the cardiac conduction system.*,, The doses 
they used, however, were ma.ssivc. In view of the increasing use of magnesium 
in' the treatment of various types of cardiac disease^ and even more so in view 
of the great importance magnesium Jias assumed recently as a circulation time 
agent, ■* we thoiiglit it aprcpcs to detcrniin? in a 'V tcmatic study the intra- 
venous effects of tJicrapcutic doses of magnesium on the liuman heart. 

METHOD 

' One hundred adult patients were used in this investigation. One group of 
34 eases was apparently free of cardiovascular disease; another group of 66 
oases presented various forms and dcgi'ccs of cardiac disease as outlined below. 
A total of 104 sets of electrocardiographic tracings were taken — 69 in the cardiac 
group and 35 in the noncardiac group. 

The three standard leads of the electrocardiogram were taken first. The 
electrocardiographic circuit was completed again, and simultaneously with the 
taking of Lead T, 10 c.c. of a warmed 10 per cent aqueous solution of magnesium 
sulfate were injected into a large antccubital vein of the reclining patient. In 
accordance with the technique of the magnesium circulation-time test,^ the first 
6 c.c. were injected through a No. 18 gauge needle as rapidly as possible (requir- 

•Prom the Medical Service of Dr. Mitchell Bernstein, Jewish Hospital. Philadelphia. 

Presented before the Jefferson Society for Clinical Investigation. Jefferson Medical Col- 
‘ege. May ig. 1939 , Philadelphia. 
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ing l)etwccii one and ono-hnlf and two seconds), and tlic balance was injected 
more slowly. In a few eases 20 e.e. instead of 10 c.c. wci’O injected. No injection 
required more than ten seconds, and most injections required considerably less. 
In snccc.s.sion, Leads II and III were then recorded, the total time elapsing 
from the moment of injection until the completion of Lead III being approx- 
imately three minutes. Tlic time was spaced equally between the three leads. 
One hour later the standard leads wore again recorded. Tlirce sets of tracings 
were thus available for each case: a control set, a set taken during and closely 
after the injection, and a sot one hour after the injection. These three sets are 
hereafter referred to as tracing I, tracing II, and tracing III, respectively. 
Space does not permit the puhlicalion of all of the available data, but illustrative 
cases are herein presented. 

Xoncardiac Group , — The group of noncardiae patients comprised 34 cases 
suffering from a wide assortment of diseases. It included 18 females and 16 
males, ranging in age from 19 to 73 j'cars. All were free of cardiovascular dis- 
ease as ascertained by liistory, physical examination, and electrocardiographic 
evidence. Thirty-five sets of tracings were taken. 

Ten patients showed electrocardiographic changes Four patients showed 
delayed effects (that is, in tracing lU); six patients developed changes both 
during the injection period and one horn* later. Xo typical electrocardiographic 
pattern was observed. During tlie iiuectioii period Lend I was affected in only 
one case (Case 209) whicli showed a slight decrease m amplitude Tj. In one 
case (Case 61) T,t was slightly decreased in amplitude; tlie reverse held true 
in another case (Case 112), The other changes eoii’'i''ted in very slight varia- 
tions in amplitude of QRS-j and QRS3. The development in one case (Case 79) 
during the injection iieriod of occasional V waves 111 Lend II. which subse- 
quently disappeared, was interesting. 

At no time were changes noted in the F waves, the duration of the P-R in- 
terval, or the heart rate. Case 112, Table T, had two sets of tracings, of which 
one showed no change.s, and the other minor T and QRS changes. All other 
cases showed usually one minor variation. 

Cardiac Group . — The cardiac group coiiiprised 6G patient.s, 35 females and 
3l males, ranging in age from IG to 75. Sixty-nine sets of tracings were taken. 
One patient (Case 221, Table I) had four .sets of tracings. 

Arterioficlcrotic Heart Disen^c.— Twenty-eight patients fell in the arterio- 
sclerotic heart disease group ; 9 had coexistent diabetes mcllitus, of whom 2 had 
developed acute anterior coronary thrombosis; 3 had healed posterior coronary 
thrombosis; 2 had partial heart block (one complicated by an acute coronary 
thrombosis) ; one had an acute posterior coronar.v tliromliosis; and 3 had auricu- 
lar fibrillation. Two cases wore complicated by pulmonary emphysema (one 
'rith bronchial asthma). 

Of 10 patients in the arteriosclerotic heart disease group presenting electro- 
cardiographie changes, only 2 showed changes during the injection period 
alone; 2 showed changes both during the injection and one hour later, and the 
balance showed deferred changes onb'. During the injection period the changes 
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irere limited to increase of QRS, amplitude and accentuation of QRS^ 
(Case 56, Pig. 1), and increase in amplitude of T3 (Case 5). Case 70, shown 
in Pig. 2, presented a marked increase in R„ amplitude as well as an absence 
of S„ in both tracings II and III. One ease (Case 3) developed a slight increase 
in T„ amplitude in tracings II and III. In the deferred change group (tracing 
III) were decrease of QRS^ amplitude (Case 49) and an interesting ca.se 
(Ca.se 168) in which QRS3 changed from slurred to W. In one case (Case 13) 
QRS became lowered in amiilitude and W shaped; in another case (Case 64) 
QRS, became lower in amplitude witli marked slui’ring. The left ax-is deviation 
present in one case became more marked (Case 72). T„ became inverted in one 
ease (Case 102). 

Hypertensive Cnrdiovascular Heart Disease . — The hypertensive ear(liova.s- 
cular disease group comprised 25 patients ; 3 liad coexistent diabetes mellitns (one 
with partial heart block), one had central nervous system syphilis, onelij^perthy- 
roidism, one angina pectoris, one had chronic glomerulonephritis, one auricular 
fibrillation, one a recent anterior coronary thrombosis, one an old posterior 
coronary thrombosis, and one an acute anterior coronary thrombosis. 


Eleven patients in the h.ypertensive group presented electrocardiographic 
changes. Two developed changes during the injection period, 6 showed changes 
as deferred effects and 3 showed changes during the injection period and one hour 
later. During the injection period one patient (Case 35) developed an increase 
in amplitude of QRSi; in another ea.se (Ca.se 53, Fig. 3) the QRSs complexes be- 
came ill shaped with increased slurring. One case (No. 31) in which QBS,ovas 
inverted and W shaped became positive in tracing II and sliowed a mixture of 
positive and negatir’e comiilexes in tracing III. Case 65 showed an increase lu 
QRSa amplitude with increased slurring in tracing II, an effect which disappeared 
in tracing III, only to be replaced by deepening of the Ti and T2 waves. Another 
interesting case (Case 172, Fig. 4) displayed an increase of T„ amplitude m 
tracings II and III as well as QRS, becoming positive and losing the W- 
deferred effects (tracing III) were: QRS showed slightly decreased amplitude 
in one case (Case 37) ; QRS, decreased and QRS3 inei'cased in amplitude in one 
case (Case 8, Fig. 5) ; QRS, amplitude increased and the QRS, complex hecanic 
inverted in another ease ( Case 69) ; QES^ changed from negative to positnc 
(Case 171) ; QRSj showed .slightly increased slurring in one case (Ca.se 21- - 
and the T waves increased slightly in voltage in another ease (Case 84). 


Misceltaneous Cases of Cardiac Disease . — Of a miscellaneous group compu- 
ing 8 patients there rvere 2 with chronic rheumatic heart disease, one with a pos^ 
scarlatinal complete heart block, one with a syphilitic dissecting aneurrsm 0 
arch of the aorta, 2 with congenital heart disease (the heart of one was 
catecl by a subacute bacterial pulmonary arteritis), one with hyperthj 1 ou 
and one -with a subacute bacterial endocarditis; two patients showed 
diographic changes during the injection period and one patient showed 
as a delayed effect. One of the foregoing eases (Case 188) developed 
of Ti and Ta,- another (Case 145) an increase of R.-s amplitude during the 
tion period, and a third (Case 60) a marked decrea.se of R2 amplitude as a ( 
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laj’etl effect. A case of complete heart block (Case 221)® had four sets of trac- 
ings, of wliicli the first three showed no chanj'os, and the fourth a narrowing and 
deepening of tlie QRSa complex one hour after the injection. 

Equivocal Heart Disease . — In a group of 5 young adults with electro- 
cardiographic changes as the only evidence of cardiac disease, no changes de- 
veloped during the injection period. One patient (r.asc 126) developed a sinus 
arrhjilnnia and one patient (Case 113) a slightly deeper Q.{ wave in tracing III. 

In resume, the cardiac group a.s a whole showed slight electrocardiographic 
changes in 26 of the 66 e.^ses. Only 6 patients were limited to the injection period, 
5 to effects both during tlie injection and subsequently, and 15 patients to the 
deferred period only. An outf-taiiding feature is that the changes were confined 
almost exclusively to the T waves and QRS complexes. Even more noteworthy 
is thc’fact that during the true injection period (shomi only in Lead I of 
tracing II), only two minor changes were recorded in the entire series. There 
M’cre no P wave changes, no changes in the P-R interval or in the heart rate. 
No ventricular premature heats were noted. There were no bradycardias or 
cases of sinus aiTcst. Eleven patients who were receiving digitalis at the time 
of the injections, showed no untoward effects. 

CO.^f^^ENT 

The striking feature is the complete lack of uniformity of changes wrought 
upon the heart by maguosium. That magnesium may have a direct effect upon 
the myocardium of the ventricles is indicated by the shglit changes in QRS 
complexes and T waves occurring in a fairly higli percentage of eases. The types 
of changes produced during the injection period and one hour later are prac- 
tically the same, whether in the cardiac or noiicardiac groups. That these 
changes arc negligible is shown by the fact that Lend I (taken during the in- 
jection when the full brunt of the magnesium was borne) showed only one slight 
T, change in tlie noiicardiac group and only one slight QRS^ and one T^ change 
in 2 of the cardiac cases. IMorcover, very few patients showed more than one 
load change whether during the injection or one hour afterwards. In 2 patients, 
one a noncardiac person and the other a critically ill complete heart block 
individual, in whom two sets and four sets of tracings were obtained respectively, 
it is noteworthy that minor changes were obtained in only one set of tiacings 
in each patient. These results illustrate the inconstancy of magnesium effect. 
In general, there were as many changes in T waves and QRS complexes in one 
direction as there were in the opposite. Finally, such changes as did occur were 
evanescent inasmuch as standard electrocardiograms, taken in the vast majority 
of the patients within a few days after the injection, showed all magnesium 
effects to have vanished entirely. Consequently, we must conclude that the 
rapid intravenous injection of 10 per cent magnesium sulfate exerts no deleteri- 
ous action on the heart. 

It is interesting to compare tlie.se results with the cardiac effects induced 
by the intravenous use of 20 per cent calcium gluconate, a substance that has 
come into Avide use recently as a circulation-time z’eagent. In normal individuals 
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calcium produces flattening or inversion of the T waves in 92 per cent of eases 
flattening or inversion of tlie P waves in 54 per cent, and a marked bradycardia 
in 67 per eent.“ No systematic studies of the cardiac effects of intravenous 
calcium injections in cardiac patients are available, so that we have no basis 
for direct comparison of the effects of magnesium and calcium in cardiac dis- 
ease. That calcium injections clinically may lead to catastrophes in both normal 
and diseased hearts is now well substantiated.®'® 



1. The effects of the rapid intravenous injection of 10 c.e. of 10 
magnesium sulfate on the human heart were recorded elcctrocardiograpba’*'' • 
in 100 patients. Tlie three standard leads of the electrocardiogram "Cic if 
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corded prior to injection, simultaneously with the injection, and one lioiir later. 
TJiirt 3 ’-five sets of tracings were taken in 34 noiieardiac patients and 69 sets 
in CG cardiac patients. 

2. The cardiac gi*oup included 28 persons witli arteriosclerotic heart disease, 
25 persons with In-pertensive heart disea.se, 5 per.sons with onl}’ electrocardio- 
graphic evidence of cardiac disease, and a iniscellaneous group of 8 cases com- 
prising 2 persons with chronic rheuniatic heart disease, one with postscarlatinal 
complete heart block, one with syphilitic dissecting aneurysm of the aortic 
arch, two witli congenital heart disease (one complicated b.v a subacute bac- 
terial pulnionarv arteritis), one with subacute bacterial endocarditis, and one 
with h.vpertlij’roidism. 

3. In the noncardiac group 6 patients presented minor T and QRS changes 
(usually in one lead) both during the injection period and subsequently; 4 
persons showed similar changes one hour after injection 

4. In the cardiac group similar changes were exhibited b.v C persons during 
the injection period, bj' 15 persons one hour after injection, and b.v 5 persons 
both during the injection period and one hour later. 

5. A discussion of the elianges produced leads to the conclusion that intra- 
venous magnesium injections exert no deleterious effect on the human heart. 
The coincidental administration of digitalis yields no untoward effects. 
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CI-IOLESTEROLYSIS IN THE BLOOD PLASMA OF INDIVIDUALS 
MHTH aiBNTAL DISORDEES'^ 


Purcell G. Schube, il.D., Naomi Raskix, and 
Eleanor Campbell, A.B., Boston, SIass. 


I N A SERIES of papers it lias liecii demonstrated by one of ns (Seluibe’’^) 
that in abnormal mental states as a group and in its various subdivisions tliei'C 
are certain alterations in cholesterol metabolism which are reflected in tlic 
whole blood cholesterol. In additional papers^’ ° there ivere also reported 
studies on eholesterolysis in normal man. In them certain facts were hrouglit 
out relative to the stability of cholesterol in blood plasma. In vieiv of the 
cholesterol values in abnormal mental states and of our observations on choles- 
terolysis in normal man, we feel it pertinent to present a study on cholcstero- 
lysis in the blood plasma of individuals with abnormal mental states in the 
liope of furtliei’ clarifying the problem of cholesterol metabolism. 


METHOD 

The individuals used for this work were all normal physically, but suf- 
ficiently mentally ill to necessitate their institutionalization. All were males, 
females being excluded because of the possible complicating factor, catamenia. 
The blood was di'ami under sterile conditions after a fast of fifteen hours. It 
was divided into two parts, and an equal quantity placed in each of two sterile 
oxalate tubes. It ivas taken immediatelj' to the laboratory where the sample was 
centrifuged at 30,000 r.p.m, for fifteen minutes, the phusma removed, and the 
fir-st cholesterol estimation started ivithin a half Imur after tlie withdraw.fl of 
the blood. One tube of blood was kept at room temperature (21° to 24° 0.) 
and the other at icebox temperature (8° G.). Subsequent cholesterol estimations 
were made ou samples of blood drawn from tliese two specimens at one-, two-, 
four-, six-, eight-, and twenty-four-hour intervals. The method of determina- 
tion of the cholesterol ivas adapted from Bloor,® where 1 c.c, of plasma was 
added slowly with shaking to approximately 40 c.c. of an alcohol-ether mistinc 
(3:1) in a 50 c.c. volnmetric flask. Tliis was brought to the boiling point on 
a water bath, allowed to cool to room temperature, diluted to the 50 c.c. mark 
and filtered into an Erlemneyer flask through fat-free filter paper, tlie fnnnc 
being constantly covered to prevent evaporation. Twenty cubic eentimeteis o 
this filti’ate wore evaporated ju.st to dryness at a temperature of 60° to 70 
The residue was extracted three times with hot chloroform, using fii'st 5 CA, 
then 3 c.c., then 2 c.c. of chloroform, and transferring each portion to a 
e.c. "raduated, stoppered cylinder. The extractions were made up to 5 c.c. 


♦From the Bo.'ton Stale Ho.spit.aI. Boston. 

for vunilcation. Marcli 21. 1939. 
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Table I 

SnowiN'G Detailed Vahiations in Cholesterol Values as Measured in* Mg. Per 100 c.c. 
Plasma in* Each Individual for Each Time Period, and the Gain or. Loss 
rop. Eight- and TwENTT-FouR-Houn Periods 
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Table II 


Showing Range of Group Values and Ayep.aob of Gp.oup Values foe Each Time Peeiod 
THE Cholesterol IVas Measured, and Atorage Gain or Loss and Range of Gains oe 
Losses for Entire Group for Eight- and Twenty-Four-Hour Time Periods 


TIKE 

1 

i RAXGE 

AVERXGE 

average gain j 


(hours') 

OR LOSS ' 


Icehox Temperature Group 

4 i 

120-211 

166.9 I 



1 

122-213 

167.2 



2 I 

120-240 

170.0 



4 

121-245 

167.7 



6 

120-245 

169.3 i 



S 1 

llS-2oO 

171.2 1 

-14.7 

-146.3 to - 9.9 

24 

109-255 

16S.S 

-1-1.9 

■}41.3 to -22.5 

Room Temperature Group 

i 1 

120-211 

166.9 

1 


1 1 

123-213 

1 166.9 



2 

llS-240 

169.2 



4 ! 

115-240 

169.1 



6 ' 

122-240 

169.3 



S 

118-255 

173.1 

•j-6.2 

+55.0 to -22.0 

24 

113-271 

169.7 

1 -12.8 

+71.2 to -21.3 


chloroform. In a similar ej’linder 5 e.e. of the chloroform-cholesterol standard 
containing 0.1 mg. of cholesterol was pipetted. To both standard and unknown 
there was added 2.0 e.c. of acetic anhydx'ide and 0.1 c.c. of concentrated siilfiu'ic 
acid. Each cylinder was stoppered and mixed and permitted to stand in the 
light of the colorimeter for twenty-five minutes. The resulting yellow-green 
coloi's were compared in the colorimeter, and the cholesterol per 100 c.c. of 
plasma was calculated from the fonuula : 


Reading of Standard 
Beading of Unknown 


X 125 = ing. cholo.stcrol per 100 c.c. of plasma. 


Each estimation was done in duplicate and the average value recorded 
in each instance. The error of the method ivas considered to he ± 5 mg. 

The noi’mal controls were the 21 cholestcrolysis studies on normal in- 
dividiials previously reported. 


RKSULTS 

The total number of men in the study was 26. Their age range was from 
21 to 33 years. 

Table I shows the detailed cholesterol values in each individual for eaci 
time period as well as eight- and twenty-four-honr gain or loss. 

Table II shows tlie range of gain or loss and the average value o 
cholesterol for the entire group for each time period. 

From these tables it can he seen that the nine conclusions draum for t le 
normal group'^ alone equally hold true for the mentally abnormal group alone, 
but when the normal group is compared with the mentally abnormal group, ^ 
following differences are noted : 

1. The average rate of change of blood cholesterol at room temperature 
and icebox temperature of the mentally abnormal group and of the norm* 
group is experimentally identical. 
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2. At the end of eiglit and twenty-four hours the average cholesterol change 
of normal group is less than that of mcntall}' ill group both at room tempera- 
ture and at icebox temperature, although the difference is very small. 

3. At the end of eight and twenty-four hours the range of gains for the 
icebox group is practically the same, but the range of losses is markedly less in 
the mentally abnormal group than in the mentally normal group. In the room 
temperature group the range of cight-liour gain is definitely greater, but the 
difference in the losses is slight; in the twenty-four-hour period the range of 
gain is definitely greater and the range of loss definitely less. 

4. The curve of average cholesterol values of the abnormal group parallels 
that of the normal group throughout the twentj'-four-hour period, but is always 
significantly below it, both in the icebox group and in the room temperature 
group. This is illustrated in Cliart 1. 

5. The range of gains or losses for the eight- and twenty-four-hour periods 
shows a significant shift in a tendency for the abnormal group to show gains 
over losses whereas this is not so for the normal group. This is illustrated in 
Chart 2. 

DISCUSSION 

In an earlier paper on eliolestcrolysis wc pointed out that the problem of the 
rate of change of cholesterol in a specimen of blood is undoubtedly a com- 
plicated one, the result depending entirely upon the direction of equilibrium 
established by the involved factors: (a) tlie attempt of a cholesterol esterase 
to change free cholesterol to a combined foi’m^ (b) simple dissolution of 
cholesterol molecules by hydrolysis; (c) tJie types of anticoagulant used; and 
(d) the rate at wliich the cholesterol aggregates are able to free themselves 
from the meshes of protein molecules. Tlicse factors wore thoroughly discussed 
at that time and to date our work docs not present any contradictory material 
in this respect. The factor (d) then, as now, was the most intriguing, and 
there are additional studies relating to it which are worthy of presentation. 
Beilis and Scott^ and Leliman and Scott,® while working wdtli blood, I’eported 
a protein shift from cells to plasma following the addition of isosmotic dextrose, 
sodium chloride, calcium chloride, or barium chloride to oxalated or defibrinated 
blood in vitro. This shift caused an increase in the plasma-protein concentra- 
tion which was proportional to the degree of dilution. The protein chiefly 
affected was albumin. Sandor® noticed that of the proteins of the blood the 
albumin fraction frequently contained lipids, of which one was cholesterol, and 
that the amount of lipid bound to the albumin was fairly constant regardless 
of the species or the individuals within it. On the other hand, he did not find 
this to be true of the globulin fraction, for here he found that the quantity of 
lipid bound to the globulin varied widely in different species and in different 
individuals within the same species. Moreover, he found that strikingly 
specific variations existed in the strength of the protein-lipoid bonds, for 
different alcohol concentrations were required to attain the maximum extrac- 
tion of serum lipids. He suggested that lipids and proteins are linked through 
accessory valances rather than enmeshment. Went and Kuthy,^® in their 
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Chart 1. 

A=MentaUy ill group. 

N=Normal control group. 

• = Average room temperature values. 

X=Average icebox temperature values. 

Vertical flgures=Milligrams chole.sterol per 100 c.e. blood plasma. 



A=MentalIj' ill group. 

N=Normal control group. 

#— Range room temperature values. 
Xr::Range icebox temperature values. 


Chart 2. 
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studies of lipoid-iirotein complexes, found tliat these ■were easily formed by 
the addition of emulsified lecithin to native serum, hut not to sera previously 
treated with alcohol-cther mixture. Sullmanu and '\"erzar,^^ using lipcmic 
blood, found tliat the lipids would diffuse through memliranes in considerable 
amounts if they used membranes which were at least permeable to Congo 
red (pore diameter calculated to be 18 by 10'* em.). They discussed the possi- 
bility that iinsplit protein-lipid complexes might he able to go through capillary 
walls, at least under special conditions, and fee! that tliis is substantiated by the 
rough parallelism whicli appears to exist hetween the lipid and protein contents 
of some pathologic fluids. In confirmation of tliis Brngcr^- reported that 
in tJie course of the ultrafiltration of pleural and ascitic transudates, the 
cholesterol and proteins arc concentrated to about the same extent in the ultra- 
filtration residue. He feels, though, that since cholesterol, but not the proteins, 
is adsorbed by a BerhefeUl eiuidle or by kicsclyuln*. tlie bond hetween the two 
substances must be a veiy weak one. Bang'^ long aao first noticed that the 
precipitation of globulin in the Iilood carried domi with it a portion of the 
cholesterol, and he suggested at that time that the cholesterol was combined 
witli the cuglobuliu fraction of the blood pi'otoin. Handovsky and Lohmann’^^ 
carried this work farther and have reported that the liigher the cuglobnlin in 
the blood tlie less the cholesterol that could I>c shahen out with ether. They 
found tliat 25 per cent of tlie cliolcsicrol in ox scrum was bound with the 
globulin. Gardner and Gainsborough,'® likewise studying lipoid-protein com- 
plexes, reported that the percentage of the total plasma sterol retained in the 
proteins ■was 16.4; that cuglobultn retained 13.8 I'cr cent; psendoglobulin 1.03 
per cent; and albumin 1.5 per cent, Thcorell,''* wliile discussing tlie physical- 
chemical aspects of the blood lipids, stated that he felt the cholesterol to be held 
in combination not only with globulin but also with fibrinogen, and that at the 
isoelectric point of globulin all of the cholesterol can be extracted with ether; 
that fibrinogen holds the cholesterol firmly except at pH 6. i\Iachebffiuf,'" while 
separating compounds from the blood ])lasma oonlaining lioth pi'oteins and fatty 
substances, found that he was able to obtain an alliumin fraction very rich in 
lecithin and cholesterol esters and Avliich was also soluble in neutral or alkaline 
U'ater to a clear solution containing up to 5 per cent. 

These studies establish the following facts relative to factor (d) in the 
stability of cholesterol in blood plasma: (1) There is a state of protein equilib- 
rium in the blood Avhieli can be upset in either direction by interference witli the 
electrolyte balance of the lilood. (2) There is a certain quantity of cholesterol 
adherent to the protein molecule. (3) The largest percentage of cholesterol 
adherent to the protein is adherent to the euglobulin fraction. (4) The bonds 
between the eliolesterol and the euglobulin are fragile. (5) This bond may be 
af the nature of enmeshment, accessory A’alences, or adsorption. It can readily 
be seen from this that the presence or absence or direction of eholesterolysis 
in the blood plasma can, and probably does, depend upon the protein molecules 
therein. 

The material evaluated here makes it only too clear that there are at Avork 
in the blood plasma of man some such complicated factors as the foregoing, 
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factors which make group evaluation of cholesterolysis impracticable and which 
in themselves insist upon individual attention. It is impossible to attribute 
such individual fluctuations as those observed to any simple variable such as 
age, sex, iveight, or body tj^ie, for analj^sis in this respect only leads to a con- 
fusion of the issue. From a metabolic point of view, hoivever, our results are 
interesting for two reasons: (1) the changes ■which occur in the plasma 
cholesterol of individuals ivith abnormal mental states are practically identical 
in nature with those of normal individuals, and (2) these changes always 
average upon a lower metabolic plane. Whether or not these facts are of any 
significance in mental disorders, it is difficult to state ; that they conform with 
much other physical-chemical data which have accumulated relative to metab- 
olism in neuropsychiatric cases is unquestionably true, for there is a definite 
body of literature indicating that in mental disorders, and particularly in 
dementia praecox, a loivered metabolic state exists and that this state closely 
parallels on a lower plane that of the normal individual. The reasons for this 
are, unfortunately, unlniomi, but they are undoubtedly'^ based upon the physical- 
chemical limitations of the individual cells composing the body, the abnormal 
metabolism, as the abnormal mental symptomatology', being merely an indica- 
tor of abnormal cell function, the reasons for which have to be left to future 
research. The part ivhich cholesterol play's in this metabolism is not at all clear, 
for all of our knoivledge concerning its function in the metabolism of the in- 
dividual is indirect and not at all conclusive. That it plays an important part 
is unquestioned ; just -what that part is must be left to future research. 

SIBIMARY 

A study of the rate of change of total cholesterol in the blood plasma of 
mentally' ill persons over a period of tiventy'-four hours is presented. Changes 
do occur in positive and negative directions -which are similar to those of 
normal individuals but on a loiver plane. It is very' probable that these are not 
significant for the group, but they' may' be for the individual case. 


REFERENCES 


1. Schube, P. G. : Blood Cholesterol Studies in Mental Disease, Am. J. Psychiat. 12. 355, 

1932. . . • Am 

2. Schube, P. G.: Blood Cholesterol Studies in Mental Disease. H. Schizophrenia, 

J. Psychiat. 12; 1227, 1933. ~ ^ 

3. Schube, P. G.: Blood Cholesterol and the Manic Depressive Psychosis, J. Dab. & 0 

Med. 22; 240, 1936. f 

4. Schube, P. G., Raskin, N., and Campbell, E.: Cholesterolysis in the Blood Plasma 

Normal Man, J. Lab. & Clin. Med. 23: 711, 1938. . j t T sn & 

5. Schube, P. G. ; Variations in the Blood Cholesterol of Man Over a Time Penod, J- 

Clin. Med. 22: 280, 1936. 

6. Bloor, V'. R. : Cholesterol in Blood, J. Biol. Chem. 24: 277, 1916. _ _ -notweea 

7. Beilis, C. J., and Scott, F. H. : Alteration of Protein Distribution in A itro, 

Corpuscles and Plasma Caused by' Isosmotic and Hyperosmotic Solutions, 


Chem. Ill: 17, 1935. , cjeruni J- 

8 Lehman, AV., and Scott, F.: Note on Total Protein Content of Plasma ana i 
Biol. Chem. Ill: 43, 1935. . 

9. Sandor, G.; Le probleme des proteides, Paris, 1934, Gaston Doin et V'®',. „T,.„iieniische 

10. AVent S., and Kuthj', S.: Heber die Eolle der Serumlipoide; 

Beitraae, Ztschr. f. Immunitatsforsch. u. exper. Therap. 82: 392, 1934. 

11. Siillmann, H., and A'erzar, F.: DilTusibilitat des Blutfettes, Biochem. Zts 


1934. 



pett: vitamin a deficiency 


149 


12. Briigcr, M.: Bolation Botwcon Cliolcstcrol I>aitition nnd Total Protein Content in 

Pathological Body Fluids. State of Cliolo.<»terol in Such Fluids, J. Bio). CJiem. 105; 
13, 1034. 

13. Bang: Quoted by Ilandovshy and Lolitimiin. 

14. Hnndovsky, H., and Loliinnnn, K.; Constitution of Blood Scrum and Its Significance 

for Action of Poisons; ^fethod for Determination of Cholc.stero] in Blood Serum, 
Arch. f. d. pcs. Pliysiol. 210: CO, 1025. 

15. Gardner, J. A., nnd Gainsborough, II.; Studies on Cholesterol Content of Normal 

Human Plasma: Attraction of Proteins of Plasma for Sterols, Bioehem. J. 21: 141, 
1927. 

16. Theorell, H.: Studien viber die PInsmaIi])nido des Blutes, Biochcm. Ztschr, 223: 1, 1930. 

17. Afnchobocuf, M.: Bcchcrches sur les phosphoammolipides ct les .sttirides du s^rum et du 

plasma sanguins; entrninemont des pho.spholipides, des stdrols et de.s stdride.s par 
les diverses fractions an cours du fractionnement des proteides du serum, Bull. Soc. 
chim. biol. 11: 2GS, 1929. 


VITAMIN A DEFICIENCV: ITS PREVALENCE AND IMPORTANCE 
AS SHOWN BV A NEW TEST*^ 


L. Bradi.ey Pett, Pii.D., Alberta, Canada 


'^HE importance of vitamin A in Imman nutrition is not settled. Overardent 
claims by some have been met with i>rotc.sts liy others. The only specific 
disease commonly associated with vitamin A, xcrofilifhalmin, i.s so rarelj’ seen 
that some experts doubt the lilielihood of a vitamin A deficiency being common. 
Recently instruments for testing subnormal dai*k .idnptation linve been used as 
indicators of vitamin A deficiency, but tlicse have been criticised from a clinical 
viewpoint 

This paper presents (1) dotaihs of a new rapid vi.sual test; (2) evidence of 
the testes relation to vitamin A; (3) evidence of tlic prevalence and clinical 
significance of vitamin A deficiency. 

I. A RAPID \TSUAL TEST 

It is supposed that the recovery of vision after blinding bj’ a bidglit light 
depends on a reformation of the retinal visual purple from vitamin A. Reviews 
connecting this process with niglit blindness, dark adaptation, visual purple, 
etc., by Adams,' Tansley,^ Hecht,^ Jcgbci's/ and Booher,® maj’’ be consulted. 
Various instruments for testing dark adaptation have been used, including 
Anbert’s glowing Avirc of 1865,® the Birch-Hirschfeld photometer,^ and various 
vecent instruments by Tschernig,® Edmund,® Feldman,'® Ferree and Rand," and 
Jeans and Zentmire,'- w’bo call their instrument a “biophotometer.” 

The biopliotometer, being available commercially, lias dominated the I'ecent 
I'cports in this field, and with the “visual adaptometcr” of Heclit,'^ and the 
adaptometer” of Feldman, seems to be the chief instrument being used. 
;^se instruments are complicated in construction, seem to require practiced 
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subjects for best results, and above all, require ten minutes or more for one test. 
Furthermoi’e, severe criticisms, especially regarding the relation of tliese tests to 
vitamin A deficiency, have been advanced by Snelling,’^ Palmer and Blnm- 
berg,^= Gridgeman and Wilkinson,’® Isaacs, Jung, and Ivjl” 



Description of Aijpandxis . — The instrument here outlined consists of a 
black metal (or wooden) box, about 1 cubic foot in volume. Protruding fion* 
the front is a headpiece, and on the back are various instruments, as seen 
Pig. 1. Inside the box are: (1) A source of bright white light for bleacluiip 
visttal purple in the eyes, coming from either one or several btdbs. 
surface for reflecting this bright light into the eyes, while looking 
headpiece, such that 50 foot-candles is the intensitj’- at the ej^es; 
light is connected to a voltmeter and rheostat, and each instrument is ca i ua 
by a photometer to operate at a certain voltage; the reflecting surface is 
(English Cartridge Paper, 100 pounds), is 12 inches square, and covers 
.shield from which two rectangles % inch by %g bich are cut out. (- ) 
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the metal sliield is a dim liglit, so placed as to shine evenly tlu-ongh flie hvo 
rectangles. In passing througli the paper this light loses 90 per cent of its in- 
tensity and at the eye has an intensity of about 4 milliroot-caiulles, and is slightly 
reddish. A meclianical device controlled from (lie Imelc of the liox is used to cover 
one of the rectangles of dim light, while the other remains visible, the subject 
then hanng to distinguisli between vertical and horizontal directions. 

Description of a Test . — Tlie subject adjusts Ins head comfortably against 
the rubber forehead rest, wearing glasses if they are usually worn, and is shovm 
the rectangles of dim light, one “Up,” one “Across.” Tlic hriglit light is put 
on, and he is asked to look at a black spot marking the jiosition where the bar 
of dim light will later appear when the bright light goes out. During tin's period 
of thirty seconds, the name, date, etc., can ho recorded on a card and the voltage 
checked. As the watch Iiand crosses Ihiiiy seconds the hriglit liglit is turned off 
and the subject reminded to say “Up” or “Across,” indicating tlie direction 
of the rectangle seen, as soon as the direction can he made out. The time is 
noted wlien this is said, and represents the recovery time from thirty seconds 
of standard bright light. 

Tests arc repeated at minute intervals, three usually .sufficing. In some 
eases the three values may be rather divergent, especially when the first value is 
long. It is then considorod more accurate to use tlie median or midvaluc, rather 
than the mean; c.g., of three values 23, 15, 16, use 16 ivither than IS. The range 
of recovery times is from tliroc to .sixty seconds, with a mode at eigiit. Thirty 
to 40 persons an hour have been tested by one operator witli one instrument. 

Discussion of Apparatus . — Previous investigations in this field liave been 
hampered by instruments too .slow and complicated to permit the testing and 
retesting of largo numbers of pcojilc, thereby lacking statistical weight for their 
findings. Hence tlie insistonco on a test that would ho rapid and simple. Every 
step in the development of this design was tested on numerous subjects not for 
the accuracy with whicJi it woidd show new laws of optic pliysiology, but rather 
for the avoidance of eomjdications in practice wlicn testing for vitamin A 
deficiency. Repeated tests were made on each person at each stage, permitting 
calculations of means, and tlieir standard errors, tlius giving mathematical 
assurance of the validity of every modification. The result is a nice balance, ob- 
tained by experimentation, of luuncroiis faetoi's, including tJie color, diu*ation, 
and intensity of the bright light, the size, color, duration, and intensity of the 
dim light, and the area and location of the retina affected and other points. 

Reflection of the bright light from paper makes it more diffuse than reflec- 
tion from or transmission through glass. Diffusion of the light helps to avoid 
die afterglow in the eyes from bright spots of light that causes some confusion 
othenvise. Confusion may also he ]es.sencd by having the outer edges of tlie 
lefleeting surface actually, but not apparently, brighter than the center where 
the dim light is to be seen. This is done by having a circle of lights for bright 

illumination. 

Having the dim light in the form of a small rectangle which may be vertical 
Of horizontal gives a more constant recovers' time and eliminates guessing which 
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is common in children. A suitable size was found that would be independent 
of astigmatism in the subject. Glasses are worn, if they are usually worn, only 
for the sake of speed, since no effect of removing them has been found, even 
in extreme myopia and hyperopia. There must, of course, be light transmission 
and perception. The terms “Up” and “Across” are used because they are 
much more familiar to the average subject and much faster than any others 
tried. 

Smee the standard error of the mean has been found to be about one second 
for manj'^ people, cheeks are reejuired only within about one second, and the “re- 
action times” of subject and operator are unimportant. A practice effect — tests 
graduallj" getting shorter — ^lias sometimes been observed if more than tlu’ee tests 
were made at one-minute intervals, but if the interval was lengthened to five or 
ten minutes this effect disappeai-ed. 

The relatively large error ])ermitted prevents significance being attached to 
various factors that might influence the test. Tlie afterglow has already been 
mentioned, but it has too small an influence. The rubber forehead rest cuts 
out enough light so that the room need not be darlcened, provided no liglit is 
shining from directly liehind the subject. The fixation point (black spot) holds 
the light on the fovea centralis, Init the area of retina covered is about 3°, so rods 
are involved as well as cones, and the results arc satisfactory. Blue or gray 
eyes admit more light to the fundus than brown and might be more affected by 
the bright light, but with the accuracy' demanded no relation to eye color has 
been found. Similarly, age, sex, and fatigue seem not to affect this test. 

Other factors not related to vitamin A might show an effect, but in general 
they do not. The size of pupil would have an effect if the light reflex is defective. 
Experiments on several people with homatropine in the eyes showed a much pro- 
longed recovery time (five to ten times normal) with widely' dilated pupils. 
Measurement of pupil size, as it returned to normal, showed a linear correlation 
with the recovery' time. Full contraction of the pupil with pilocarpine shoved 
no effect. Marked differences between the two ey'es and lack of coordination 
may influence the values, particularly' b.v making great variations in siiccessne 
tests. Experimentally' covering one ey'C doubles or trebles the time taken vlien 
the two eyes were used, though commonly' both ey'es gave the same indivi i< 
value. 

II. RELATION OF THE TEST TO VITAMIN A 

Distribution of “Recovery Times.” What Is “Normal ”? — The frequency 
distribution of 1,519 people is shown in Fig. 2. The pronounced dip at 
seconds suggests that this is a bimodal curve, which means a combination o 
curves, each with its own mode. The two curves would be the distribution o ^ 
people “normal” in vitamin A and (b) people “deficient” in the vitamin, an ^ 
are suggested by' the broken lines. Assuming that the most coiniiion 
(mode) of eight seconds is the mode of the distribution curve for norma s, 
can one decide the dividing line? An arbitrary standard has to be set upj 
as all workers in this field have set up arbitrary points. In the begmn 
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this work it was decicled that any ijcrson witli a “recovery time” of 11 or more 
seconds would be considered “dcfieieiit” in vitamin A, and that the deficiency 
would be greater as tlic time was longer. Tin's arbitrary division is still used, 
though it errs in some cases, and receives support from studies of the response 
of vitamin A deficient jieoplc to vitamin A therapy. 

Any person wlio does not show a cliaiige of recovery time after one dose of 
50,000 I. U. of vitamin A, and wlio lias no evidence of vitamin A deficiency is 
now considered “normal” in vitamin A. If a response is shown, it always con- 
sists of a shortened recovery time to a point where furtlicr treatment produces 
no etfeef. Such a person is considcivd “cured.’* in the aliscnec of other signs 
of vitamin A deficiency. Hundreds of people iiavc l)een so treated, and the 
work is being continued. Some liavc responded, some bare not, and there is a 
surprisingly sharp division at the originally arhilrnry time of eleven seconds. 

Seasonal Variation . — A large group of students lias been retested at in- 
tervals during the winter. About 500 .students, e(tnally divided into “normals” 
and “deficients” in their October tests, were involved In the January retests 
of students who were normal in Ocfobei*, 26 per cent remnined about the same 
value, 26 per cent had longer valuc.s (slightly deficient), while 4K per cent became 
definitely deficient (over 10 seconds). Of students wlio were deficient in vitamin 
A in October, 21 per cent became normal (mostly by treatment), 24 per cent re- 
mained about the same, and 55 per cent hccnnic more deficient. These figures 
show a dear tendency for adults to become more deficient as the winter goes on. 

Evidence of the Testes Relation to Vitamin A. — The relation of this test 
to titami’n A is supported by the following evidence; (1) Of 1,500 tested, of 
whom 780 wore “deficient” in vitamin A by the aliove .standards, some 200 were 
given vitamin A. All, except 3, showed a reduction in recovery time. (2) The 
recovery time of a normal iior.son was icngthoned by taking a vitamin A-free 
diet, then reduced by vitamin A treatment. f3) Clinical ob.servations on 4 
patient.s with cirrhotic liver disease, 14 diabetic persons and 12 persons with 
ga-stric ulcers on Sippj’ diets, suggest a relation lietwecn dietary vitamin A 
or provitamins and the test. (4) Gon.siderablo subjective evidence of vitamin 
A deficiency with long recovery times and of improvement aeeompaiiying 
reduction of recovery time has been adduced. 

1. Response to Vitamin A ht/ Deficient Cases . — Two curves in Fig. 2 show 
the results obtained with the 200 peoj)lc treated. All the.se people were re- 
tested during treatment iintil a constant recovery time was obtained, though 
usxiahy this took onbv a short time. Hejieated tests on controls, who received 
a vitamin A-free oil, showed no change from day to day. In Pig. 2 the curve 
^rith square dots shows the distidbntion of the untreated eases, from seven to 
forty-folu* seconds, and the round dots show tiie disti'ibutioii after receiving 
i-itamin A. The latter curve is sharply distributed around a mode of eight 
seconds, and is almost perfectly symmetrical between four and twelve seconds. 
These people are by definition ‘‘norniaP^ in vitamin A, and the fact that their 
distrihution curve is symmetrical about eight, supports the contention concern- 
ing a “normal” part of the large curve shown. 
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RECOVERY TIMES IN SECONDS 


Piet. 2. — The number of people at each recovery time in this test. The clotted line shows 
the number of people cured by vitamin A at each time and is thus the distribution of normal . 
values. 



Pig. 3. — Time effects of small doses' of vitamin A and carotene on the recoc en . 
of a subject after thirty-seven davs on a vitamin A-free diet. Increase in recovers 
indicates the vitamin A dellciencv. 


Treatment and Dosage . — Treatment has been found most satisfactory when 
liver oil (usually halibut) of high vitamin A and low vitamin D content was 
used in capsules. Doses of 35,000 to 50,000 I. U. daily for three to five da.« 
usua% resulted in a normal recovery time, and were much better than cor- 
responding total dosages given 5 to 10,000 I. U. daily. People treated to this 
extent sometimes remained “normal” with no further supplement, but usua j 


required about 5,000 I. U. daily for a further variable period of time, ascei 
tained by tests. A number of people have been found wdio could only be mam 
tained on doses of 10,000 I. U. dail.v or more. This is perliaps related to fmi ^3^ 
absorption. In any case there has thus been established a wider indni 
variation and a higher daily requirement than lias hitherto been described. 
people have invariably noted subjective improvement in various respects a 
the discovery of a high requirement and after sulisequcnt treatment. 
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2. Ilespou.se of ^Wul(ll Person io « Vitamin A Deficient Diet , — An iii- 
dividiml (myself) whase recovery time had been eight seconds for some montlis, 
and wlio had never cxj)crienccd night blindness, eyestrain, dry skin, scanty saliva, 
or otlier signs of vitimiiji A dc/le)(*nfy, took a vitamin A-free diet for forty-five 
days. Tins diet was shown to contain less than 50 1. U. daily. The tests and 
coexistent symptoms are given in Table I for tlie first thirty-seven days, while 
Fig. 3 shows the effeets of small doses of vitamin A or carotene for tJio remainder 
of the test period. 

T.\i».e I 


The LENT.TiiEXixr; of the Recovery TiMt.s or iNmviin-Ai. os a A-Free Dif.t, 

Tooetiieu With Aci-omi-an-yiso symptoms 


KAY.S OK VIT. 
A-FREF. PIET 

P.El’dVI.UY TI.ME 
SF.CO.S'nS 

fOMMEKTS 

0 

8 

Satne vnlui* for jircviou.'s two week.« 

1-9 

8 


10-17 

n 


18-22 

11 

Anorexia, wliieli per-istefi two weeks 

23-2o 

12 

Mild diarrhea, per'-i'-ted one week 

2G 

14 

Sore throat; rhinitis 

27 

15 


28, 29 

10 

“Cold’’ cleared up 

30 

17 

.Saliva noliecablv derreased from now on 

31, 32 

18 

.Skin dr\ and scaling 

33-35 

20 

Small gingival ^h•e^^. niglit blini3no.s.<s 

30 

02 

Evc> painful; no eornenl uli'crs 

37 

27 

Epithelial va>>tj> in urine 


Tlie slow response sliown in Table I. in which twenty-eight days were needed 
to reach a seriously deficient recovery time, may 1m* explained on the basis of 
vitamin A and carotene storage in the liver. Moore’" ha.s shown that large re- 
serves arc carried even in a variety of serious diseases, and by calculation 
1,000,000 I, U. may be a conservative estimate of the average person's reserve 
supply. It is not nece.ssary to assume that this reserve must be exhausted be- 
fore an effect be noted iu a test, since some conservation may be expected. 
But work on experimental animals has .shown tlint considerable depletion of 
liver carotene and vitamin A occur.s before even the earliest metaplasia of 
epithelial tissues is observed (Besscy and AVolbacb’’’). 

As noted in Talile I, signs of vitamin A deficiency were observed : anorexia, 
diarrhea, asialia, painful eyes, and photophobia, gingival ulcers, dry and sealing 
skin, nyetalO'hemcralopia, urinai’y epithelial ca.sts. 

Fig. 3 shows tliat treatment with only 8,500 I. U. of vitamin A brought 
intense salivation and immediate response in the recovery times. These re- 
turned to tile normal eiglit-seeond level for two lioiirs, but gradually increased 
to deficient levels, presumably as the vitamin was removed from the lilood, 
-^n equivalent, dose of carotene (kindly supplied 1)3' the S. JI. A. ^Cpxp.) 
brought a slower response, requiring five hours to attain the same jdvel. ^This . 
•night he clue to slower absorption from the gut, or to the need? o'r'convfrsion 
into vitamin A by the liver before affecting the test. Ahso^Jmi03^55,>7 
cases was complete, as show'n by analy.ses of urine and fec&.,,JvA dose of 
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50,000 I. U. of Aotamin A resulted in a recovery time of six seconds (lower than 
the previous base level). Shortly afterwards a normal diet Avas resumed, 
and after some days a recovery time of six seconds Avas attained. 



Fin. 4. 


The disappearance of symptoms of A-itamin A deficiency is of considerable 
interest. The salivation folloAving intake of vitamin A on the thirty-seA’enth 
day of the Adtamin A-free diet Avas OAmr in tAventy-four iiours and marked 
the restoration of saliAmry floAv, at first someAvhat scarce. The painful eyes, 
AA’^hich had been Avrongly suspected of being due to corneal ulcers, Avere com- 
pletely relieAmd on the thirty-ninth day. The ginghml ulcers and night blind- 
ness seemed improAred on the forty-second day, and Avere gone on the forty- 
fifth day. Scaling of the skin continued for about three Aveeks, and epithelial 
casts Avere found in the urine for fiAm Aveeks. 

Similar studies have been repoiTed by Hecht and Mandelbaum,"“ and b) 
Wald, Jeghers, and Arminio-^ but Avithout any complete consideration of 
attendant sjunptoms. 

3. Clinical Evidence. — (a) LiAmr disease. Haig, Hecht, and Patek re 
ported that 11 persons Avith cirrhotic liAmr disease had poor dark adaptation an 
Avere beneficially treated by large doses of Adtamin A. These obserAmtions baAe 
been confirmed on 4 cases AAdth Amines of tAA'entj’-tAA'o, tAventy-seven, thirty-si-A', an^ 
fifty seconds. Presumably the coiwersion of carotenoids (proAutamins) m 
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livers of such people is impaired. Since the apparent vitamin A content of most 
diets is due to the carotenoids, impaired conversion leads to a deficiency even on 
an apparently adequate diet. 

(b) Diabetic persons. Such a condition has also been found among diabetic 
persons -where some liver dysfunction is usually present, and the diet contains 
large amounts of cayotenoids. In 14 persons with diabetes, every case showed 
an apparent deficiency in vitamin A b^' this test, values ranging from thirteen 
to forty-five seconds. Further work is required on this new and interesting 
point. 

(c) Gastric ulcers and special diets. A different type of vitamin A 
deficiency may be caused by special diets, restricting the intake of certain foods. 
Some of the most vitamin A-deficient cases encountered were found to be on 
Sippy or other ulcer diet, or on a diet for cliolecystic disease. Values ranging 
from eleven to fifty-seven seconds were recorded. It seems not to have been 
realized that these diets are seriously deficient in vitamin A. In 12 ulcer cases 
specially treated with vitamin A concentrates' more rapid improvement than 
expected was noted, and in one case a tendency to rccuiTence seems to have 
been checked. These observations must be extended before a full report can 
be made. 

Such observations are in accord witli the theory that lack of vitamin A may 
aggravate diseases in epithelial tissues (Including mucous membranes) and 
may help their healing, without being directly rcsponsi!)Ie for the disease. 

4. Subjective Observations UeJaied to Deficiency and Treatment . — It is com- 
monly claimed that these tests for dark adaptation, etc., provide the earliest 
clinical signs of a vitamin A deficiency, and it is tacitly assumed tliat a slight 
deficiency is a more or less serious condition wliich should be corrected. Few at- 
tempts have been made, however, to link these slight deficiencies with known 
clinical conditions. Tho most important clinical work has been done by Feld- 
man,” but his study Iacl^s statistical backing. The importance of poor vision 
at tmlight (night blindness) in car accidents lias recently been much empha- 
sized. 

A start on this problem of correlating symptoms with an objective test has 
been made by requiring students to answer certain questions at the time of being 
tested, and following up the answers later. A total of 753 such case histories 
have been summarized in Table II. 


Table II 


Percentage of the “Normal” Group (393 Persons) and of the “Deficient” Group 
(3G0 Persons) Found to Be Suffering From Various Conditions 


CONDITION 

Consciously night blind 
Eyestrain and pliotopliobia 
Dry prickly conjunctiva 
Dry skin 

Dry nasal mucosa 
Scanty saliva (asialia) 

Cold vrithin a month of test 
Average duration of colds 


per cent of 

NORMALS 

7 

25 

5 

15 

2 

5-1 

4 days 


per cent OF 
DEFICIENTS 
IS 
3G 
10 
17 
19 
6 
69 

8 daj'g 
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Many people found to be deficient in vitamin A Averc treated or treated them- 
selves Avith various sources of vitamin A during several months, hlost of these 
eases Avere retested, and often A’olunteered evidence of subjective improvement, 
eA-en Avliile unaware Avhether the test itself had shoAvn improvement. This type of 
evidence is not capable of accurate expression, and involves so manj'' psychic 
and other factors that it is commonly valueless. Nevertheless, some cases have 
been so striking as to command attention, and one such case Avill lie described 
briefiy. 

A local airport attendant liad to send up nightly a small meteorologie balloon 
Avith a dim light attached to it, and then folloAv its progress Avith a telescope. 
Sometimes he could not see the balloon for some time. On examination he was 
found to be “deficient” in vitamin A. Treatment brought forth obvious im- 
provement in his ability to spot the balloon, as Avell as a shortened recovery time. 
It is likely that many around an airport are so affected by the beacons and 
ground lights that they cannot, see dim lights quicldy. There may CA'cn he 
greater demands on their system for vitamin A. 

In any case it is clear that the test here described proA'ides a rapid means 
for distinguishing people Avho are unadapted to some kinds of Avork, or Avho are 
Avorking inefficiently, all depending on the recovery time from bright lights. 

III. PREVALENCE OF VITAJIIN A DEFICIENCY 

The original studies of Jeans and Zontmire-'' shoAved a vitamin A deficiency 
among children as high as 56 per cent. Similarly, Maitra and Harris-® have re- 
ported studies on various groups of children Avith a deficiency averaging 
30 per cent for the 193 studied. Both these reports present a limited number 
of cases and attempt to draAV conclusions on small groups of 20 and 30, owing 
to the inherent sloAvness and complication of the instruments used. NeA'crthe- 
less, the chief arguments at the present time concern the probable extent of 
vitamin A deficiency, and the results on a large number of people are, therefore, 
especially important. Table III presents the results for different classes and ages 
of people so far studied. This type of Avork is uoav being extended. 


Tabi,e III 

Percentage of Persons in A'^ariovs Gnoup.s Focnd to Be Deficient in A'^itaaiin A 
BY THE Test Beported in This Paper 


totai, nvmbep. 


per cent 

DEFICIEXT 


All cases to date 
Children (ages 8-1. o) 

Freshmen (ages 17-20) 

Freshettes 

Other university student.s (ages 18-22.) 
Single men on relief (ages 20-.25) 
Other adults (over 25) 


No special comment on the table is necessary except to note that the pc! 
cent deficiency in this district — 52 per cent — seems a little higher than 
elseAA’here. It can also be obseiwed that age and sex made no significant 
ence to this figure, but that men on relief shoAved a higher percentage, 
latter figure .requires more extended obserAmtions before comment. 
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SUMMARY 

1. Details are given of a rapid visual tost for vitamin A deficiency, depend- 
ing on the recovery time after looking at a bright light. One test takes less 
than one minute, three tests being done within 5 minutes of tlic subject entering 
the room. Tliis rapidity i.s valualile where large groups of i)eople are concerned. 
Tlie application to airmen, motorists, and the like, is pointed out. 

2. Proof of the tc.st’s relation to vitamin A has been given by: (a) a re- 
port of experimentally induced vitamin A dofieicncy, correlating the test with 
other signs; (b) tlic prolonged recovery times observed in people with liver 
disease (cirrhosis or diabetes) or on special diets, whereby they either do not 
receive the vitamin or do not convert it from carotenoids; (e) the recovery on 
treatment with vitamin A of some 200 cases classed as deficient ; and (d) subjec- 
tive improvement in many such cases. 

3. The effects on the test of sex, age, color of c>'es, myopia, hyperopia, 
astigmatism, wearing of spectacles, and fatigue arc negligible, since great ac- 
curacy is not demanded. Tlic size of pupil, dispa!-it\ of vision of the two eyes, 
and di.seascs might have an effect. Tlic.se points arc discussed. 

4. Of 1,600 people examined 52 percent have been found deficient in Wtamin 
A, the incidence being higber among unemployed. 

5. A tabic is given showing a liighor incidence among vitamin A deficient 
people of night blindness, cyc.strain, dry conjunctiva, dry skin, scanty saliva, 
and frequency and duration of colds. 

6. Adults tended to become more deficient in vitamin A in February than 
they were in Oetolicr. 

It Is unlortunatelj* Impossible to mention all tho people who have helped In these Investi- 
gations, cither by patience In belnt; te.^ted, or by dlscu^^lon**. Special thanks for cooperation 
to il. R, Levey, JI.D., CM.. DL.O. of the Department of Ophthalmology, to D. R. 
bmitn, Ph.D., of the Dep.T,rtment of Psycholocy: to M. .M. Cantor. B.S . .M D. , to A. McKeever 
and to R. Clelland. 
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THE EFFECT OP HYPOTHALAMIC LESIONS ON FEVER INDUCED 
BY INTRAVENOUS INJECTION OF TYPHOID-PARATYPHOID 

VACCINE*^ 


S. W. Ranson, Jr., M.D., George Clark, M.S., and H. AV. Magoun, Ph.D. 

Chicago, Illinois 


T he current conception of the nervous regulation of bodi' temperature dui'ing 
the course of a disease like malaria is that, preceding the chill and period of 
rising temperature, the temperatux'e-regulating mechanism suddenly becomes 
set at a higher level, with re.sultant increased heat production (shivering) ah 
decreased heat elimination (vasoconstriction). The fall in temperature occins 
when the regulating mechanism again becomes set at a lower level (DuBois j. 
It is only within the last few years that the location of the temperature-regu 
lating mechanism within the hjiiothalaraus has become sufficiently well Imoam 
to make a satisfactory experimental approach to this subject possible, and the 
experiments which have been reported in the literature have not contnbn e 
much to its elucidation. 


The reactions of animals with various lesions of the central nervous systen^ 
to pyrogenic agents have been described by numerous investigators 
others, Preimd and Strasmann Citron and Leschke Isenschmid Frenn an ^ 
Grafe;'’ Balcar, Sansum, and Woodyatt;® Girndt;’^ Solari;® Keller and Hare, 
ThaueF®) . Prom many of these papers it is difficult to draw definite cone u 


•From the Institute of Neurology, Northwestern University Medical School, 
This study was aided by grants from the Koekefelier Foundation and Um 
on Scientific Research of the American Medical Association. 
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sions. Frequently acute animals were used, often in a state of shock; usually 
not more than two to ten clays were allowed for recovery from operation. Proto- 
cols are often incomplete, and microscopic verification of tlie extent of the lesions 
is lacking. In most cases it is not apparent that adequate care was taken to 
stabilize the animal's temperature before exhibition of the pyrogenic agent. 
Dosages wore usually varied from animal to animal. 

Citron and Leschke,® using rabbits, made sections of the medial hypo- 
thalamus at the anterior liordcr of the midbrain. Such animals did not react 
with fever to injections of Trypanosoma nayana, staph 3 ’lococci, colloidal suspen- 
sions of paraffin, or even to heta-tetrahj*dronai)hthylaminc, but they were ap- 
parently in severe postoperative shock. Isonschmid^ found that midbrain an- 
imals or animals with cervical cord transection rc.spondcd with temperature 
rises to injection of sodium .salic.vlatc and to bcta-tctralLvdronaphthylamine after 
their body temperatures liad been previously stabilized in an incubator. 

Pink.ston, Bal'd, and Bioeli“ injected typhoid-paratyphoid vaccine intra- 
venously into a dog with elironic bilateral aldation of the ncopallium which 
spared the hypothalamus. The result was an essentially normal fever curve 

Girndt^ found tliat mato' rabbits from which lie had removed the greater 
portion of the cortex liilatorally, responded to injection of B. coli vaccine with 
temperature falls instead of rises; but that if the cortex were removed on only 
one side dorsall.v, the (cinporature response to B. coH vaccine was normal. It 
would not he surprising if these extensive decortications had produced consider- 
able hypothalamic damage. Unfortunatcl.v, there was no histologic verification 
of the extent of flie lesions. In animals with a second typo of operation (uni- 
lateral, circumscribed, dorsal decortication), he obtained a normal febrile re- 
sponse; then, without anesthesia, he pushed a blunt cannula into the medial 
hypothalamus through the free space dorsally and througJi it injected various 
drugs to test their central antipj'rctic effect. The mere introduction of the 
cannula and injection through it of iioi*mal saline solution produced an irre- 
versible h3'pot]icrmia in sevei*al animals previously inoculated with B. coli 
vaccine ; in manj' others it resulted in milder temperature falls. These observa- 
tions are of special interest because of the important part whicli the hypo- 
thalamus is known to play in temperature regulation. 

In the present investigation an attempt lias been made to determine the 
effect of hj’pothalamic lesions in cats on the reaction of these animals to the 
intravenous injection of typhoid-paratj-plioid vaccine. 

METHODS 

Electrolytic lesions of the hypothalamus (or prechiasmatic region in several 
cases) were made with the Horsley-Clarkc stereotaxic insti’ument in 21 cats. 
The exact location of each lesion was determined by serial sections through the 
b^Tiothalamus stained alternately by WeiFs method and by^ cresjdt^-iojet.' The 
ability of each cat to regulate its body temperature was sti^di^d in considerable 
detail both preoperatively and postoperatively bj' mcan^^ te^s ^n 

both hot and cold boxes. 
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Sixteen normal cats were subjected to intravenous injection of typhoid- 
paratyphoid vaccine to establish the normal response. Each of the 21 operated 
eats, after a convalescence of a month or more, was subjected to exactly the 
same procedure. 


Each cat was brought to the laboratory about 8 a.m. and placed on a specially 
designed canvas animal board to wliich it was strapped comfortably but se- 
curely. The body' temperature was recorded as a continuous curve by the ink- 
writer of a Leeds and Northrup resistance temperature recorder, the resistance 
unit of which was inserted through the rectum to a constant measured distance 
of 14 cm. from the anal orifice. An area 3 to 4 cm. in diameter on the side of 
the chest had been depilated the previous day, and to this area a skin thenno- 
couple was applied by a spring-mounted liolder mounted on a ring stand. The 
room temperature and lunnidity wore read at frecpicnt intervals from a vet 
and dry bulb thermometer ventilated at about 3 meters per second by an electric 
fan.* In each ease all the apparatus was mounted and set in function as soon as 
the cat was brought to the laboratory, and the resistance recorder traced a curve 
of the body temperature until this had become completely stabilized (often 
several hours). All temperatures are recorded in degrees Fahrenheit. 
After the temperature stabilization was accomplished, 0.35 c.c. per kg. of 
typhoid-paratyphoid vaccine was injected into the saphenous vein. This vac- 
cine was all poured at one time from one freshly prepared stock bottle, kindl.i 
furnished by the Abbott Laboratories, Inc. It contained 1,000 million killed 
typhoid organisms, 750 million killed paratyphoid alpha, and 750 million killed 
paratyphoid beta organisms in each cubic centimeter. The dosage was not varie 
at any time. About 5 p.m. the skin thermocouple was dismounted and the fan 
ventilating the wet bulb thermometer was stopped. The setup was left othenwse 
undisturbed, tracing a constant record of the animal's temperature until the 
next morning, about twenty hours after injection. 

In order to determine whether lesions in other parts of the brain vould 
have a similar effect on the reaction of cats to typhoid-paratyphoid vaccine an 
other series of experiments was made later but with a different lot of vaccine. 
This second lot was as nearly as possible of the same potency as the first, hut i 
is not possible to be certain that the two scries of experiments are altogether 
comparable. 


THE NORM AT, RESPONSE 

The normal cat responds to intravenous injection of typhoid-paratyph®’*^ 
vaccine with a cyclic response in wliich fii'st the heat-preservation 
then the heat-loss mechanism predominates. The periods of dominance o J 
heat preservation and elaboration mechanism are accompanied by shiven'Li 
slowing of the respiratory rate, and signs of generalized sympathetic stinndatioi ; 
such as pupillary dilatation, cutaneous vasoconstriction, and erection of aii 

The periods during which the heat-loss mechanism predominates are aMom 

panied by marked acceleration in respiratory rate, by cessation of shivering, 
by signs of generalized parasympathetic stimulation, such as pupillary cons 

•The maximal room temperature variation durinpe the course of any one cent- 

2“ F. ; the maximal variation in relative humidity during any one experiment - 
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lion, defecaloiy inovemeiits, iiriiiafion, jn-nilc erection, and cutaneous \-aso- 
(lilafation ; during siicli periods Ihc temperature fails. 

Usnall.v immedialol.v, almost always within fen to thirty minutes after in- 
jection, the temperature begins to rise, aecomjianied by .shivering and signs of 
generalized .s.vnipatlictic activity; it reaches a fii-st temperature peak averaging 
1.2° F. above the .stabilized base line at an average interval of forty-eight min- 
utes after the injection (Fig. 1). Shivering then cea-ses, respiration aceelerate.s 
sbarjily, and under signs of marked generalized parasympathetic stimulation the 
body temiierature drop.s .sharjily to a first intermediate loir point which averages 



FIs- 1. Composite /o\or cm-ee. IS norntnl cats, after tnjectien of tyrliolil-patatjphoitl vaccine 

Jntravcnou«I> 

0.6° F. bcIoAv the base line, readied on an average about t\vo hours after injec- 
tion. No^v the animal begins to shiver, s^Tiipathetie activity again becomes pre- 
dominant, and the temperature rises to a second peak, averaging -1.8° F,, 
reached on an average four and ouc-Iialf hours after injection. Again the tem- 
perature fall.s, reaching another low point, averaging +0 57° P., at an average 
eight and one-half liours after the injection, rising then to a third peak which 
average.s +2.3"’ F,, fifteen and one-lmlf hours after the injection. The teiiipera- 
tnre falls away slowly from this tliird peak but it Is still well above the base line 
the ne.vt morning, averaging +1.06°, twenty horn's after tlio injection. 

The extreme range of variation in the normal was repre.scntcd by the normal 
cat of Experiment 22, which, after holding its temporaturo practically constant 
during the first forty-five minutes after injection, showed a rapid drop in body 
temperature thereafter, tlie temperature reaching a low point of 2,3° F. below 
the base line, tliree and one-half hours after the injection. From this point, 
however, the temperatui’C rose, reaching 0.4° F. above the base line eighteen 
hours and forty minutes after the injection; at the termination of tlie experiment 
twenty-one hours after tlie injection the body temperaure was exactly at the 
base line. The next most extreme variation from the average in the normal 
series of eats wa.s shown by the normal cat of Experiment 26. During the first 
f<^rty minutes this cat’s temperature remained practically stationary, falling 
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only slightly. Then the temperature fell markedly, reaching a low point of 
3.5° below the ba.se line, one hour and forty-three minutes after the injection. 
From this low point, however, the temperature rose rapidly, reaching a high 
point of 2.8° F. above the base line, sixteen hours after the injection. The next 
morning, nineteen hours after the injection, the cat’s temperature was still 
1.2° F. above the base line. 



Fig. 2. — A diagrammatic drawing of a frontal section tlirougli the dienoeph 
Cat 20 with bilateraily symmetrical lesions laterally placed in the ^ * ,’’“' 071 " oDtic 
hypothalamus. F, fornix; IG, internal capsule; iUT, mammillothalamic tract, Ui, 
tract ; T, temporal lobe ; THAL, thalamus ; III, third ventricle. 


RESPONSE OF CATS WITH HYPOTHALAMIC LESIONS 

Cats with certain hypothalamic lesions, on the other hand, show striUngb 
different temperature curves after intravenous injection of typhoid-paratyp 101 
vaccine. The temperature falls many degrees below the stabilized base liue, an 
the hypothermia persists so that the next morning at the termination of t 'S 
experiment the temperature is sill depressed 4° F. or more. 

In this series of 21 cats with lesions of the hypothalamus (or in a fen cases 
of the preehiasmatic region) there xvas not a single case which showed a deviation 
of the febrile response in the direction of an increase in the height or steepness 
of slope of the fever curve. Only one animal showed a typical normal eier 
curve. Six cats reacted to the vaccine with fever curves, which while fa n^ 
within the range of the more atypical normal reactions to the vaccine, sioi 
a definite deviation in the direction of smaller than usual rises and greater t lan 
average falls. Two animals responded to the injection of the vaccine with nio ^ 
erate falls in temperature. The rest of the series, 12 cats in all, showed 
and prolonged temperature falls which were well beyond any deviations 
the average encountered in our normal series of cats. 

Cat 20 will serve as an example. Bilateral lesions were placed in the 
hj'pothalamus, as illustrated in Fig. 2. There resulted a slight to 

ability to regulate against cold and a marked and prolonged loss of a 
regulate against heat. As late as sixty-seven days after the operation 
failed to pant or sweat when it was placed in a hot box, although its rM a 
perature was raised to 106°. It was .injected with typhoid-paratyphoi va 
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fifty-six days aflcr tlie operation, and tlic marked and prolonged drop in tem- 
perature shown in h'ig. 3 occurred. Seven days after tlic injection of the vaccine 
we injected into the same cat 20 mg. per kg. of alplia 1-2-i-dinitrophcnol intra- 
venously (3 per cent .solution in sterile water containing 1.5 per cent sodium 
bicarbonate), the technique of the e.xperiment being otherwise the same as when 
vaccine was injected. The temperature rose 3.4° in three and one-half hours 
and remained steady at about that level until the termination of the e.xperiment, 
5 hours after the injection, at which time the animal’s temperature was 3.3° 
above the base line. AVhatever it may have been that was responsible for the 
fall in temperature following the injection of the vaccine did not prevent dinitro- 
phenol from producing fever. 



In the period of the first fall of temperature after injection of the vaccine 
(fall from the first peak), the operated animals reacting with hj^iothermia 
showed an average rise in skin temperature due to vasodilatation of 1.5°, whereas 
those animals reacting with essentially normal curves showed an average rise due 
to vasodilatation of 1°. The corresponding figures for our normal, unoperated 
Mts was 0.4°. 

In the period of the first fall (fall from the first temperature peak), the 
average maximum respiratory rate attained by the cats reacting with hypo- 
diermia was higher than that attained by the animals responding with approx- 
imately normal curves (2.3 times the stabilized preinjection respiratory rate 
against 1.7 times; an absolute increase in respiratory rate of 50.3 per minute 
against 28 per minute) . Shivering was about as 'often seen in those animals 
that reacted to the injection with hypothermia as in those that reacted wnth 
approximately normal fever curves. Eight out of 12 of the animals, reacting 
with hypothermia, shivered during the course of the experiment; 4 out of 6 of 
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the animals, i-eactiiig ivitli fairl5^ normal curves, shivered during the coiTesponil- 
ing period of time. In a series of normal unoperated cats, 14 out of 16 shivered 
during the same period. 

In those animals which responded to the injection of the vaccine with 
hypothermia, there was very often during the first period of thirty to forty 
minutes pupillary constriction, defecation, and salivation ; occasionally the pu- 
pils were of medium size, seldom dilated. Something contained in the vaccine, 
therefore, stimulated the heat-loss mechanism, causing not only acceleration of 
respiration but also vasodilatation along ivith signs of parasjnnpathetic activa- 
tion. 

In the second series marked falls in temperature resulted from injection 
of typhoid-paratyphoid vaccine in 1 out of 4 eats from which the frontal lobes 
had been removed and in 2 out of 10 cats with lesions in the dorsal thalamus. 
Similar reaction to the vaccine was obtained from an undernourished but other- 
wise normal cat. This cat had been kept on an inadequate diet, a small quantity 
of milk with plenty of water, for seventy-six days until it had lost 49.8 per cent 
of its original body iveight and had then been given a full diet for seventeen 
days and at the time of injection had reached 72 per cent of its original weight. 
Tivo unoperated eats which were sick with distemper also gave drops instead of 
rises in temperature as a result of vaccine injection. These observations tend to 
throw doubt on the specificity of the reactions obtained from the eats with 
hypothalamic lesions. It is possible that several factors may be responsible for 
these abnormal reactions. But the fact that in the first series of e.xperiments 
12 out of 21 cats with hypothalamic lesions showed marked and prolonged tem- 
perature falls which were well beyond any deviations from the average en- 
countered in the normal series, cannot be too lightly thrust aside. While a few 
of the 12 operated cats which showed marked drops in temperature were poorly 
nourished, the majority of them were in excellent condition, well nourished, and 
free from any obvious infection. 

While there is a pronounced difference between the results obtained from 
cats with hyiiothalamie lesions and from those of the normal series, this dif- 
ference must be interpreted cautiously. The drops in temperature in the cats 
with hypothalamic lesions did not appear to be dependent on damage to tlm 
hyqiothalamic heat-regulating centers and occurred in some cats in wdiich these 
lesions had caused little or no disturbance in temperature regulation. It did not 
appear to be important ivhether these lesions ivere medially' or laterally, rostrallj 
or eaudally placed. It is true that in the 6 cats w'ith lesions in the caudolateia 
part of the hypothalamus, which showed markedly impaired ability to regulate 
against cold, 5 showed marked falls in temperature following the injection o 
typhoid-paratyphoid vaccine and only one showed a normal fever curve. Tins 
one cat and 2 others, i.e., 3 of the 6, belonged to the second series of experiments. 
But just as marked falls wei'e obtained in some other cats in which there was 
no obvious disturbance in teir.perature regulation. 

DISCUSSION 

In a paper dealing with the thermal reactions induced by the 
injection of typhoid-paratyphoid vaccine in normal cats (Kanson, Jr. }) 
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(Joiico ivas proscnfed ivliicli seems to slioiv Unit the voeeina stimulates both the 
meclianism for conservation of bodily beat, inelnding: the sympathetic system, 
and the mechanism for beat loss, incliidiii" the parasympathetic system. There 
is a great deal of evidence that the hypothalamus serves as a general s.vmpafhetic 
center and that it.s destruction interferes with heat production and conservation. 
The present investigation was begun with the idea of studying the effect on 
febrile reactions of the destruction of this center. It soon became obvious, 
however, that typhoid-paratyphoid vaccine which had been chosen as the fever- 
producing agent docs not always cause a typical fever in normal cats and that 
its action is influenced by a number of obscure and uncontrollable factors. Be- 
cause of this difliculfy the investigation has not yielded as much information as 
might be desired in regard to the role of the hypothalamus in fever. Whether 
it docs or does not play a part remains undetermined. The frequent occurrenee 
of marked di'ops in temperature instead of rises in cats with hypothnlaroie 
lesions might be interpreted in favor of such a role, hut, on the other hand, 
the absence of any correlation between the amount of disturbance in temperature 
regulation caused by the lesions and the ebaraeter of the temperature curve fol- 
lowing typhoid-paratyphoid in.ieetion ma.v be taken as evidence to the contrary. 
Furthermore, in one eat of the second series, in which tlie lesions were placed 
bilaterally in the caudolnternl part of the byiiothalamn.s and produced a marked 
impairment in ability to regulate both against heat and cold, the vaccine caused 
a fairly normal fever reaction with a rise in temperature of 3°. If this experi- 
ment may be taken at its face value it would seem to indicate tliat the vaccine 
may cause fever by stimulating the hcat-prodiietion and boat-conservation 
mechanism at a point below the hypothalamus. 

One point, however, is clear. The marked falls m temperature, which oc- 
cur in .some eat.s following iiijoction of typhoid-paratyphoid vaccine, are not due 
to the stimulation of that part of the heat-loss mechanism which lies in the hj-po- 
thalamus and prcoptic region. It has been shown that the receptive part of the 
mechanism lies in the prcoptic region, that it is activated by moderate rises in 
temperature, and that a pathway leads backward from it through the lateral 
part of the hj'pothalamus to a heat-lo.ss mechanism located behind the hypo- 
thalamus. When this descending pathway from the anteriorly placed heat- 
sensitive center is interrnptcd by bilaterally symmetrical lesions in the lateral 
part of the hypothalamus, the animal loses its ability to protect itself against 
overheating (Magoun, Harrison, Brobeck and Ranson;'^ Clark, Magonn and 
Hanson"). In 4 eats of the first .series and one of the .second, in which the 
lesions had been so placed ,ns to interi’upt this dc.scending path bilater,ally and 
to prevent the animals from panting or sweating when the rectal temperature 
was raised to 106°, injection of typhoid-paratj-phoid vaccine caused marked 
drops in temperature. This shows that the part of the heat-loss mechanism 
which is stimulated by the injection lies caudal to the hj'pothalamns. 

SU»niL\BV 

Of 21 eats with chronic lesions of the hypothalamus (and in a few cases, 
preehiasmatic region) there was not a single ease which showed a deviation of 
the fever curve in re-sponse to the intravenous injection of typhoid-paratyphoid 
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Taccine in the direction of an increase in height or steepness of slope. Only one 
animal showed a typical normal fever curve. Twelve showed marked and pro- 
longed temperature falls (3° to 11° F.) which lasted for a period of twenty or 
more hoiu’s. 

Although such animals shivered normallj* in response to the injection of 
the vaccine, the temperature did not rise appreciably in response to such shiver- 
ing ; the pupillary dilatation which usually accompanies such periods of shiver- 
ing and rising temperature in the normal animal was more often absent in these 
hypothalamic animals responding to the vaccine with hypothermia. Instead, 
there was pupillary constriction or the pupil was medium. There were often 
coincident signs of parasympathetic overactivity, such as defecation, urination, 
and salivation. The respiratory rate increased markedly, greatly exceeding 
that seen in the normal series of eats. 

It is impossible at this time to make any definite anatomical localization for 
lesions resulting in this reaction. It does not appear to he important whether 
the lesions are laterally or medially, rostrally or caudalh" placed, or whether the 
lesion results in a disturbance in the normal regulation of body temperature. 

A hypothalamic lesion which results in a hypothermic reaction to the in- 
jection of typhoid-paratyphoid vaccine intravenously does not prevent the 
animal from respoudiug to .the inti'avenous injection of alpha-dinitrophenol 
with a typical febrile response. 

The part of the heat-loss mechanism which is activated by the intravenous 
injection of tv^phoid-paratyphoid vaccine does not lie in the hj'pothalanius but 
somewhere caudal to it. 
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THE HELATIONSIIIP OP THE INSULIN lIVPOGLYCEiMIC 
REACTION TO SHOCK’^ 


Warhkn C. Cohwix, ILI)., Pn.D., Philadelphia, Pa. 


T he term shock is commonly applied loosely to various conditions of disease, 
quite diverse in character. Jloon has segregated one definite entity from the 
heterogeneous group liy the presence of a characteristic combination of physio- 
logic features. He defined shock as a circulatory deficiency not cardiac and not 
vasomotor in origin, characterized by decreased blood volume, decreased volume 
flow, and hemoeoncentration. He showed also that this s\Tidromc is accom- 
panied by characteristic patliologic changes scon po.st mortem. These include 
widespread eapillovcnous congestion and evidences of increased capillary 
permeability such as edema, effusions, and pctcehiac in visceral areas. 

Hypoglycemic manifcslalions, resulting from the administration of insulin, 
are often spoken of as "insulin shock." It seems pertinent to determine 
whether this reaction lias the characteristic features of siiock as defined. This 
can bo done by determining the presence or absence of hemoeoncentration during 
“insulin shock" and by noting changes present in the viscera after death from 
large doses of insulin. Experiments on dogs and rabbits were arranged to secure 
data on these points. 

The dogs employed were of both sexes and ranged from 8 to 15 kg. in 
weight. There were 4 white rabbits and 2 rabbits of the Dutch breed. These 
were all young adult males, apparently in perfect healtli and weighing approxi- 
mately 2 kg. each. The variability in their insulin tolerance perhaps was related 
to a factor of sex. Dotti has reported that bucks arc much less constant than 
does in their responses to insulin injections. All animals were maintained on 
standard kennel rations. A fasting period of eighteen hours preceded each of 
tile experiments on dogs. The rabbits were not fasted, a fact which may have 
further added to the variability in their tolerance to insulin. Hemoglobin 
determinations, red blood cell counts, and determinations of the erythrocyte 
volume were made in all instances on venous blood. The blood was obtained 
from the jugular vein in the dog and from the marginal vein of the ear in the 
rabbit. In dogs the hemoglobin determinations were made by the Shcard-San- 
ford photelometer;*® in rabbits the Haden-Hausser clinical hemoglobinometer 
Was used. Van Allen hematocrit tubes were employed in determining the 
volume of erythrocytes. 

•From the Department of Patholoir>', Jefferson Medical College, Philadelphia. 

Received for publication, March 28, 1939. 
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The dogs were divided into tlirce groups ; 

Gronp 1: Three dogs received intravenous injections of 1 unit of insulin 
per kg. of bod.y weiglit every two hours until eomixhions occurred. They were 
then resuscitated hy intravenous injections of glucose. Tlie blood was exasiined 
at hourl}^ intervals (Table I). 


Table I 

Dogs Eeceurko 1 Uxit of Insulin per Kiloorasi or Bopv Weight Every Two Hours 

Until Convol.sions Occurbeh 


TIME IN HOURS j Ojl } 2 j 3 | 4 j 8 j 6 j 7 jgjgiM 


Dot) 1 


H.B.C. in millions 

; S.05I 

mmi 

1 6.50 

7.75 

S.OO : 

1 7.50 

I 7.10 

MMI 

S.25 1 

7.901 

S,.30 

Hemoglobin in 

!H>-2 i 

S0.8 i 


1G.8 

17.2 1 

16.0 

15.2 

17.4 

IS.I ' 

19.0 i 

17.S 

grams 

Hmatocrit 

I i 

1 S2 

1 

56 i 

1 1 

54 

52 

50 j 

[46 

50 

1 

46 

51 

49 

4S 

ing 

W.B.C. in thou- 

11.5 


|l2.1 ' 

IC.f) ' 

15.S 

|l4.4 j 

17.4 

19.9 

10.8 i 

19.0 

IS.S 

sands 


1 i 


j 



i 

1 i 






Dog 


K B.C. in millions 
Hemoglobin in 

1 T.SO] 
1 16.4 1 

8.05 

1S.6 

i 8.20 
; 18.0 

8.20 

10.6 

00 

to 

o< 

[ S.IOI 
117.4 1 

7.80 

16.S 



1 

1 

i 

i 

1 

grams 

HetnalocrH read- 

|50 i 

54 

54 

51 

S3 

' 1 

Uo i 

»>•> 

56 



1 

1 

W.bTc. in thou- 
gands 

llO.l I 

i : 

8.70 

; 10.4 

i 

f 

(JO ;> 

14.0 

i 

! 34.2 

1 

1 M.S 

i 

f 

1 35.7 

1 

[ 

! 

i : 

[ 

1 


Dog 3 


B.B.G. in millions 

Hemog’lobin in 
grams 

Hematocrit res<]- 

ing 

W.B.C. in thou- 
sands 


7.93 

17.2 

8.50 

17.8 

8.30 

17.0 

7.93 

16.8 

7,55 

16.6 

7.33 

17.2 

7.05 

13.2 

8.35 

15.8 



51 

55 

5.3 

52 

4S 

53 

47 

48 



10.8 

13.2 

17.3 

2:5,.3 

18.6 

20.2 

10.4 

16.2 


f 


Table 21 


Dogs Seceiving 2 Units oe Insulin per Kilogra.m of Bopy Weight 


(Conrulfions ocourred early hecause these animals had been subjected to 

on the previous day. See te-vt.) 

1^' Hd5Hs~ f' T ~j ~j j 


insulin experimeac 



Dog 4 


K.B.C. in -miffions 

8.49 

7.90 

8.00 

- 7.75 

S.30 

Hemoglobin in grams 

18.0 

17.6 

18.2 

17.5 

18.0 

Hematocrit reading 

53.5 

54.0 

52.0 

49.5 

54.0 


S.03 

U.fi 

53.0 


Dog 5 


K.B.O. in miliions i 


. 6.90 ! 



■■ 

Hemoglobin in grams 


34.6 1 




Hematocrit reading | 


49.0 1 





Dog 6 


K.B.O. 5n Tirillions 


7.20 


7.05 

Hemoglobin in grams 

17.4 

17.0 

34.8 

16.6 

Hematocrit reading 

55.0 

53.0 

52.0 

53.5 
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Tabi.e III 

Twenty Units of Insulin fkr Kilooram of Body Whioiit Adsiinistf-red to Dog 7 ; 25 
PER Ko. TO Dog S 


("C” indicates the time at which the first con^'ul'.ion occurred; “D,” the time at which 
death ouMicd.) 


TIME IN HOURS | 

0 1 

•» 1 

R 1 

(>A 1 

7 1 

71 1 

St 

8:J 1 

l a 

1 12 

1 22 

2S 

Dot! 7 

R.B.C. m millions 

7.15 

7.50 

: c 

1 7.00 





7.(i5 

o 

Cl 

7.30 

D 

Hemoglobin in 

J.'l.O 

12.S 

! c 

1m.2 





14.4 

13.4 

14.2 

D 

grams 

Hematocrit read* 

|44 

|4S 

c 

43 





40 

44 

4(5 

D 

mg 













Don a 

R.B.C. in millions 

(i.45 

0.1)0 



0 

O.S5 

0..30 

1' 





Hemoglobin in 

14.2 

15.0 



C 

14.0 

14.5 

D ' 





grams 

Hematocrit read- 

42 

40 



c 

1 

44 i 

42 

D 




1 

mg 














Taiu.F. IV 


Rabbit 1 Reoeiveh 20 Units of Insulin Pf.u Kii/«;ram o^ Bonv Weicht; Rabbit 2, 30 Units 
Per kg.; Rabiut ;i, 75 Units Pi:i: ko.; ani» Rmuiit 4. lou Units J’ei; kg. 


TIME IK 1 
HOURS 

0 

o 

2i 

21 1 

11 1 

5 1 

1 

(51 ! 1 

21 

01 

01 


lUthUxt 1 

R.B.C. in 1 

5.S5 1 

C 

5.75 

5.50 

D 

1 

1 

1 1 




millions ^ 












HomoRlobin 

11 

c 

11 

11 

i » 



! I 




in grams i 








1 




Hematocrit 

32.5 

c 

.'54.5 

3.3.5 

1 D 



i 




reading 









1 1 





Hahhit £ 


Sern; 

millions 
Hemoglobin 
in grams 
Hematocrit 
reading 

5.S5 

11 

34 

1 






C 

c 

c 


“ITTiu 

12 

33.5 

().0j 

' 12 

1 33 

j 3.00 

11 

34 

1 ^ '' 
1 

D 

1 D 


Jiabhif 3 

K.B.C. in 1 

1 4.S5 1 


1 1 


1 


1 

1 

C 

5.30 

5.00 , 


D 

millions 














Hemoglobin 

10 








C 

11 

10 


D 

in grams 














Bematocrit 

30.5 








C 

30.0 

30.0 


D 

reading 






1 i 








Habbit 4 


n.u.c. in 

5.90 



c 

I 5.85 1 

G.55 


0.05 i 

D 





millions 

Hemoglobin 

11 



C 

1 

' 11.5 1 

12.0 


12.0 

D 



i 


in grams 
Hematocrit 

33.5 



c 

38.0 i 

35.5 


3S.0 

D 




i_ 

reading 














Group 2: The three dogs in this group received 2 units of insulin per kg. 
body wciglit intravenously (Table II). Convulsions occurred early in each of 
these dogs because on the previous day’ they had lieen subjected to repeated 
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small injections of insulin until convulsions occurred. Decrease in resistance 
to hypoglycemia on successive days of insulin administration has already been 
reported.^ Blood samples were obtained on the animals of group 2 at half 
hourly intenmls. Following the occurrence of convulsions, they too were 
resuscitated by injections of glucose. 

Group 3: Table III summarizes the protocols of the tw'o dogs of group 3. 
Large doses of insulin (20 to 25 units per kg., respectively) were given to these 
dogs subentaneonsly. Several samples of hlood were obtained after the onset of 
convulsions, which occurred at frequent intervals until death ensued. Post- 
mortem examinations were made on botli of these animals. The viscera appeared 
normal in all respects. There were no evidences of dilatation and engorgement 
of the capillaries and venules. Neitlicr petechial hemorrhages, edema, nor 
serous effusions were present in any of the viscera. 

Four rabbits received single massive doses of insulin subcutaneously, and 
the concentration of their hlood was determined at irregular intervals until 
death ensued (Table IV), Two rabbits were given nonfatal doses of insulin 
intravenousl 3 ’’ followed by larger doses twenty-four hours later. Similar blood 
studies were made on these animals (Table V). Post-mortem examinations 
were made on all of the rabbits immediately following death. Again there 
were no visceral evidences of eapillovenons congestion or increased capillarj' 
permeability. 

Table V 

Animals Receiving 10 Units of Insulin Per Kilogram of Body tVEionT at the Beoinnisg 
OP THE Experiment and 20 Units Per kg. at the Twenty-Fourth Hour 

TIME IN HOURS [ 0 I 0 I 24 I 20 I 271 I 28 | 2SI | 28? | 2.0L 


JlaWnt 5 


E.B.C. in millions 

1 6.35 





D 1 


f 

Hemoglobin in grani.s 

! 12 

IH 

ig||i 

|h||| 

C IS 

D j 



Heraatoerit reading 




EB9 

C 1 39.0 1 

D 1 

1 




Jlabbit 6 


B.B.C. in millions I 

1 5,251 

1 5.051 

1 5.20! 

1 5,55 1 

1 

1 5.G5| 

1 C 1 5.,30! 

J 

Hemoglobin in grams 1 



11 1 



11 1 



Hematocrit reading ! 

1 31.5 i 

[32.0 


[32.5 1 


1 33.0_: 

1 C 133.3 1 



The data assembled in the accompanjung tables indicate that in these 
experiments hemoeoncentration did not result from the intravenous oi sn 
cutaneous injection of nonfatal or fatal doses of insulin. Post-mortem examina- 
tion revealed none of the visceral changes found in animals after death hj ex 
perimental shock.” 

COMMENTS 

Some data concerning hemoeoncentration have been recorded in 
dealing vvith the effects of insulin. Drabkin and Edwards reported that arg^ 
doses of insulin given to dogs were followed by anhydremia as indicated } 
increased hemogloliin percentage. Levine and Kolars reported increased niw 
bers of lencoeyffes and erythrocytes after injections of insulin in rabbits. 
interpreted this increase as evidence of anhydremia. Thej' did not state 
dosage of insulin employed, but believed there was no relationship between 










cobwin: kelationship of insulin iiypoglycemic reaction to shock 173 


size of the dose .end the degree of .-mliydremia. Cliaikclis made determinations 
of erjdhi'ocyte counts, tlio liemoglobin, and tlic rvater content of the blood of 
rabbits after small doses of insulin. lie stated that a moderate anhydremia ac- 
companied the hj'poglycemia and confirmed tlie obserr-ation (Levine and Kolars) 
that the degree of anhydremia was unrelated to the dosage of insulin. Anhy- 
dremia during insulin hr-poglyeemia has been accepted to such an e.xtent that 
many authors have incorporated it in theoretical explanations of various 
features of the insulin reaction. 

Other reports are at varianee rvitli those cited. Mazzoceo and Jlorera did 
not find increased numbers of er 3 -tliroc.vtcs during insulin hj-pogI}’cemia in 
dogs. Olmstead and Taj’lor found no significant change in the hemoglobin 
pereentago after moderate doses of insulin in rabbits. In the dog an increase 
in the hemoglobin and the number and volume of er.vthrocj’tes may occur as the 
result of contraction of the spleen with subsequent emptying of its con- 
tents.’' '■ *' ” However, in the rabbit® and in man, animals in which the spleen 
is comparatively smaller, less mnseular, and much less active, hcmoconcentra- 
tion is almost entirely dependent upon loss of fluid from the vascular bed. 
Obviously this entails a decrease in the blood volume. Yet Kay and Smith found 
no changes in the blood volume of rabbits after the administration of insulin. 
Furthermore, Chaikelis coneludcd that the apparent decrease in the water con- 
tent of the blood, which ho reported in rabbits, could be shown to exist only by 
the statistical treatment of a large group of observation.s. He stated that the 
individual results were too varied and the degree of change was too small to bo 
demonstrated b^- individual observations or even by short scries of observations. 

The data supplied bj' Drabkin and Edwards indicate that they actually were 
dealing with hemoeoneentration. The conditions of their o-xporiments were sueli 
that true shock maj' have originated from the combination of large doses of 
insulin, long anesthesia (injected intraperitoneally). and operative procedures. 
Indeed, in the one dog on which additional data were obtained, reductions of 
bil l per cent in the plasma volume, and of 42.1 per cent in the total blood 
volume were found. These findings indicate that shock, rather than hv'po- 
gb’cemia, was the major phj'siologic disturbance in these animals. 

The increase in the number of leucocytes noted in Table I is in agreement 
"■ith the findings of Levine and Kolars, Nitzescu and JIangiuea and others. 
Yarious explanations have been suggested for the occurrence of leucocj’tosis 
during insulin hypoglycemia. It probably results from the adrcnalinemia con- 
sequent to the injection of insulin. That adrenalin causes Ij-mphocytosis and 
neutrophilia, has been demonstrated bv^ other investigators ( Garrey and Bryan) . 

The absence of hemoeoneentration and of post-mortem evidences of capillo- 
leuous congestion and increased eapillarj' permeabilitj' indicate that the mecha- 
nism of death, from large doses of insulin is not related to the mechanism of 
shock. Further evidence of the dissimilarity of the two mechanisms is the 
prompt recovery from the insulin reaction obtained hr' the administration of 
sugar. There are no available means by which such a dramatic recovery may 
be obtained in shock. 
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SUMMAKY 

1. Determinations of the hemoglobin content, and the number and volume 
of erji;hroeytes in the blood of dogs and rabbits, indicate that hemoconcentra- 
tion does not oecnr incident to hj’poglycemic reactions resulting from injec- 
tions of nonfatal or fatal doses of insulin. 

2. Visceral evidences of capillovenous congestion and increased capillary 
permeability were not seen in animals after death by insulin hyTroglyeenha, 

3. The mechanism of death resulting from large doses of insubn is not the 
same as that of shock. The term “insulin shock” is confusing and should be 
abandoned. 

4. The leueocytosis recorded in previous reports on insulin hypoglycemia 
was confirmed. 

Since this article was written studies on the protein content and the colloid 
pressure of the serum in man and the dog during insulin hypoglycemia have been publishen 
by Butt and Keys (.Arch. Int. Med. 03: 156, 1939). They concluded that "'insulin shock bears 
no close relation to other types of shock." 
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LABORATORY METHODS 


ADDITIONAL EECORDINGS OBTAINED WITH THE 
OSCILLATO-CAPACTfiRAPIP . 


C. Fexnino, JI.D., and B. E. BoNAR,t M.D., Salt Lake City, Utah 


R ecently Penning* described an instruineiit capable of recording, simply 
and graphically, small clianges in capacity. Previous publications by 
Boiiar and Penning- included reeoi’ds of respiratory movements in small ani- 
mals, titerine contractions in rats and guinea pigs, fetal movements and fetal 
respiratory movements. Since these studies were made, additional recordings 
have been obtained which show other po.ssible physiologic and clinical uses 
of tlie instrument. 

As previously implied, the instrument may be used to detect and record 
on photosensitive paper any activity which directly or indirectly produces a 
displacement of the .surface of the body under inve.stigation. Provisions must 
be made for placement of the plate used in conjunction witli the instrument 
in proximity to, but not in contact with, the surface under investigation. 

AVitli proper ad,iustnient of the ch’cuit of the instrument, extremely high 
sensitivity is available. Pig. 1 well illustrates this fact. This figure repre- 
sents the apex beat displacement recorded from the anterior thoracic wall of 
a rat fetus weighing 0.85 gm. The actual displacement in this ca.se was diffi- 
cult to see with the unaided eye. Reflected light from tlie moist, glistening 
surface of the thorax provided the neces.sary amplification factor for recog- 
nition of thoracic movement. Opening of the thorax disclosed a beating heart 
having a frequency identical to the observed and recorded displacements. 

Pig. 2 is a recording obtained from a larger rat fetus with the thorax 
opened and the heart exposed. In this recording distinct auricular and ven- 
tricular coinpoiieiits are recognized. An additional feature of this recording 
is the presence of a partial lieart block having a variable rhythm three and 
four to one. During the periods of ventricular inactivity the influx of blood 
produces an enlargement of the heart with a corresponding shift of the sur- 
face toward the plate. This change is recorded as a slower upward deflection, 
upon which are supei’imposed the deflections due to auricular activity. The 
slow rise terminates with an abrupt upward deflection, which is synchronous 
with ventricular activity. This i.s followed by an abrupt fall which is eon- 
coinitant with the onset of ventricular inactivity. As the result of ventriculai 
activity tliere occurs the ejection of blood and a corresponding decrease in 
cardiac size. 


•From the University of Utah Medical School, Salt Lake City. 

* 1 . tDue to the untimelv death of Dr. Bonar, this report represents an attempt on the part 
of the author to call to the attention of investigators, work that was done m collaboration. 

part by Dr. Bonar at the Fourth Region Meeting of the American Academy of 
fpniatncs in Los Angeles. Calif., November 6. 1937. 

Received for publication, December 16. 1938. 
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j ■. fi?- ana C are recordings obtained fiom a sleeping infant, three »Tionths of age. 

A. 1. Abdominal respiration. 2. Time, onc-nfth second, B. 1. Apex beat and thoracic respiration, 
- iinie, one-flfth second. C. 1. Fontanel pulsations. 2, Time, one-fifth second. 


Figs. 3,^1, B, and C are typical recordings obtained by placing the 3 niin. 
plate ovei’ various regions of the exposed three-chambered heart (turtle). 
^ ith proper manipulation of the plate, any one of the displacement com- 
ponents may be minimized or emphasized. 

Figs. 4A, and C represent curves obtained from a sleeping infant bj 
placing the “pick up" condenser plate over the abdomen, thorax, and anterior 
fontanel. 

Fig. 5 illustrates the appearance of curves obtained from an adult bj 
placing the plate over the external jugular vein. The general characteristics 
of the fundamental venous pulse curve can be recognized. These components 
are marked in the conventional manner. 
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Fig. fi sliow.s a jios.siblc use of tlie instrument for tlie analysis of tremors ; 
in this ease, normal Iiaml tremors. An adult male student endeavored, with 
the bc.st of his ability, to maintain the outstretehed hand at a fixed distance 
over the plate. The subject judged the fixed distanee by observing the posi- 
tion of a beam of light relative to a fixed point on the wall; (Ij represents 
his ability after a number of trials, (2) repre.sents his ability fen minutes 
after the ingestion of 10 c.e. of absolute ethyl alcohol diluted to 50 c.e. with 
fruit juice. 



Fiff. 7. — 1. KJdner volume recordlnff. 2- Time, one second. 


Fig. 7 illu.sfratcs a curve indicative of spontaneous volume changes oc- 
curring in the kidney of the eonscious dog. By special application an insu- 
lated plate was placed at a fixed distanee from the surface of the right 
kidne.v. The animal was allowed to recover, and the recording was made 
seventy-two hours after the operation. Arterial pulse and respiratory and 
slower volume components are present. 

COXGLU.SIONS 

The oscillato-capaeigrapli has been found valuable in making phj-siologic 
studies of .surface changes. The instrument ma.v be adapted to many uses. 
It is hoped that in the future other inve.sfigators will make use of it wherever 
Po.s.sibIe so that its ultimate value may be established. 
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A NOMOGRAM FOR DETERMINING THE STATISTICAL SIGNIFICANCE 
AND THE PROBABLE ERROR OF DIFFERENCES OF PERCENTAGES* 


Robert Schrek, M.D., Hines, III. 

T he clinician, the experimenter, and the statistician frequently resort to 
percentages to express their findings in regard to deaths, cures, recur- 
rences, metastasis, incidence of disease, etc. If the percentages of two series 
differ, it is necessary to show that the differeuees are sufficiently marked to 
be statistically significant before one can state that the experimental series 
differs from the control. 

The significance of differences of percentages can be determined by use 
of various statistical formulas. The simplest onct is 

o (ad - be)- (a + b c + d) 

^ (a + b) (e + d) (a + c) (b -h d) 

Avhere a, h, c, and d represent the experimental data. The determination of x" 
is time-consuming and laborious. It seemed that it should be possible to con- 
struct a graph to obviate the calculation. 

Determination of Statistical Significance. — Pig. 1 is a nomogram for de- 
termining whether two percentages differ significantly. One may assume a 
hypothetical experiment to illustrate its use. Suppose it is found that the 
mortality rate of a group of 100 patients treated with a serum is 40 per cent, 
whereas in a control group of 100 patients, ,53 per cent die. Can it be said 
fi'om these findings that the seimm lias an,y therapeutic value? In otlier words, 
is the 13 per cent difference .statistically significant'? 

Pig. 2A illustrates the use of the nomogram for the solution of this par- 
ticular problem. First locate point A corre.sponding to 40 per cent (abscissa 
p) and 100 cases (ordinate n). Prom point A draw a line to the origin of 
the gi’aph, 0 '>ud extend it to meet the d ordinate for the difference of the 
percentages •_ ■ cent). The point of intersection of line OA and the 13 per 
cent ordinate "14, according to abseis.sa c. Similarly, draw a line from 

the point 53 r (abscissa p) ard 100 ea.ses (ordinate n), through the 

origin 0 and i ig the d ordin; ’.or 13 per cent at point 117. Adding 

the two c detc s gives 231. . .sum is equal to or le.ss than 200, 

a constairt for , the percci’ studied maj' be considered statis- 
tically different particular, ider consideration the sum 231 is 

•From the Ln ■.'ithology. % clmini.'itr.'ition F.acillty, Hines, 

PuWWietl «it! ■'>n of the • ..;tor of tlie Veterans Administration, 

who l.s not responsil' cxprceseil conclu.sfonn derived. 

Received for ,, ..rj- 23, 1 

fSlmmons, J. Mctliod.s eii .Stato.s Army. 1935, J>. 1040. 

tit will be siiO’ _ sum' -tants is 200, the difference of the pef" 

, ecntaces is equal to d du\; „ 0.040). This P value is considw™ 

slfrnlflc.ant in this pn strinK 'miilc.nncc i.s de.slrcd, one c.an require 

t tiie sum of the c - 'han 128 (or P = 0.012). 
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slightly greater than the constant 200 and, therefore, the difference between 
10 and 53 per cent is not statistically significant and has to be considered 
within the realm of exjioriniental error. It may be concluded that the hypo- 
thetical serum did not have any appreciable effect on mortality rates. 



Eiff. 1. — Method {or using nomogram to determine the statistical siffmflcance of two per 
centages. <. *i v. 

colored thread to a pin and insert pm In upper left hand comer 

the thread taut, extend it thi ■ ‘Slfn? cither 

series (using the left hand ordinate «) a * 

flares of the upper abscissa v) ' . riizZ df 

representing the difference of the two . . .It ® '' 

itead the probable constant (using the lower ab _ ■ ^ 

determine a second probability c nprcGntaees 

Add the two constants. It this sum perccntUBCs 

*3 Significant. , * * 

N, number of cases; P, percentage; D, difference of percentages; C, probable constant. 


In practice it is, of course, not necessary to draw the various lines. A 
thread attached to a pin inserted in point 0 can be used to determine the 
direction of the lines and the c constants. 

It is surprising to note that, according to the graph, a difference between 
70 per cent and 83 per cent in series of XOO each is statistically signiffcant 
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(SUDI Of c constants is 171), while the diff'erenee between 40 . 
per cent is not (sum of c constants is 231^ oTtL.. f n 

that P i„ ,,.e nJiu uL S o t H M ■"'I =!*« 

tha aecona i..,ta„ce P 0 S J ’ V”""'"’’'" » 

at.tistic.1 “ tL , « V -'-a »« 

upon i„ these coses to telf tvliethci- the^TffeMr"*' 

significant. ^ ences in the percentages are 


Ab&clsaa p 



Table I 


DETEBJIKATIOST op p PRoAt -rtTP es 

:=:=tc-:t — the c CONSTjVNT.S, AS OBTAINED FrOJI THE NOMOOSDI 


suji OP c 


CONSTANTS 


00 

75 

300 

125 

350 

175 

200 

250 

300 


VAMIE OP P 


0.000063 

0.0011 

0.0047 

0.0114 

0.0143 

0.0325 

0.0455 

0.073G 

0.1024 


Construction of the Nomogram.-— Fov those who 
interested in tiie con.striiction of the nomogram, the following brief 
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mathcmatieiil analysis is appended. Fig. 2B I'epvcsents tlic nomogram and 
the determination of tlic significance of the difference, D, between two per- 
centages Pi and /’e based on jVi and iV™ number of cases. The capital letters 
D, Pi, Pi, iYi. and A'c represent the aetnal figures (as 13, 40, and 53 per cent, 
and 100 and 100 cases, respcetivel.v, in the specific example mentioned previ- 
ously), and the small letters d, p,, p™, ii,. and ii.j represent the quantities in 
arbitrary units. If these units are determined, the nomogram can be constructed. 

Considering the similar triangles in Fig. 2B, it is seen that 


Similarly, it can be shown that 


then, by addition 

Pi , Pe __ Cl + c- __ e 
111 112 d d 

Let H, V, and lo bo arbitrary constants of constrnction 
and let pi = n Pi (100 - Pi) 

Pj = u Po (100 - Pj) 

111 ■= V 

112 = V No 

d = w V 
u D= 

Substituting in (2) 

u /Pi (100 - P,)\ ^ u /P2 (100 - P.>)\ _ ^ , 


(3) tt / Pi (100 - I 
V V Ni 
Solving for D 

According to statistics 


^ P; (100 - P.>) j 
lb) i’e (loir- 


(5, S » 

S is the standard deviation of percentajje P 


Therefore 


aiirt s,.= = 


Pc (100 - 


(7) D = .y.)L VSr + S.-’ 

According to statistics 

(8) So = VSr + S 2 - where So is the standard deviation of the dif- 
ference D. Dividing (7) by (8) 
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Assume that difference D is significant if D 
viation, i.e., 


2 times its standard de- 


if 


D 


2 


or e 


w 


(ir 


w 

T 


It is to be concluded, then, that two percentages, Pi and Pj, differ sig- 

w 

nificantly if the nomogram shows that c is equal to or is less than—, a constant 
(Q.E.D.). 

For construction of the nomogi’ara these formulas suffice: 
p = u P (100 - P) 
n = V N 


Fig. 1 was constructed on 2 mm. graph paper with 
u == 0.04 mm., v = 0.5 mm., and w = 800 mm. 


SUMJIARY 

Percentages or rates cannot be said to differ appreciably until they are 
.shown to have significant differences. 

The statistical significance of differences of percentages can he calculated 
by formulas, but this method is time-consuming and laborious. 

By means of the nomogram it is possible to determine whether two per- 
centages have significant differences. The nomogram can also be used to find 
the P value of the difference of two percentages. 


A SBIPLIPIED APPARATUS FOE THE PRESERVATION OF 
BACTERIAL CULTURES IN THE DRIED STATE^' 


Merlin L. Cooper, M.D,, and Prank J. Grabill, M.S. 
Cincinnati, Ohio 


D uring an intensive baeteriologie study of the stools of infants and younr 
children with acute enteritis it became desirable to have at our disposa 
a simple apparatus for the preservation of some of the bactei'ia in a 
state without the loss of virulence, immunologic or biochemical characters 
ties. There are numerous reports in the literature regarding the length o 
time bacteria survive without change after being dried from the frozen s a ■ 
SwifU reported that hemolytic streptococci dried from the frozen state 
1916 to 1917 were still viable and possessed their group specific substance 
1937. Lancefield,- in her studies with hemolytic streptococci preserve 
fi-eezing and drying over a period of twelve years, observed that such 
consistent!}' maintained the characteristics noted at the time of their orig 


‘From the Children's Hospital Research Foundation and the Department of 
University of Cincinnati. 

Received for publication, January 28, 1939. 


pediatric.'. 



COOPEIt-ORABiLL : liACTERIAL CULTURES IK DRIED STATE 


185 


preservation. Pneumocoeci similarly preserved maintained their type speci- 
ficity. Rake^ observed that meninjroeoeei muintained their original virulence 
and specific carbohydrate content for at least twenty months when preserved 
in a similar manner. 

The general principle involved in these reports is that of removing water 
by distillation under reduced pressure from material while it is frozen. Two 
general methods are employed. In the one. material is previously frozen in a 
dry ice bath (solid earbon dioxide), nltaelied rjinekly to a suction pump, 
and the water vapor condensed in a dry ice eoiidenser.'^ In the other method, 
which has been developed by Flosdorf aiul ^liidd,"'* the material is first 
‘^degassed'^ under somewhat reduced pressure and then subjected to very Ioav 
pressure while tiie water vapor is absorbed by a chemical desiccant. Flosdorf 
and Mudd use drierito (anliydrons caleimn sulfate) 



Fig. 1. — Atjparatus for dehydrating small quantities of bacterial cultures from the frozen state. 

^e have utilized the latter method, i.e., the freezing and removal of 
water vapor under reduced pressure and its absorption on a chemioal desic- 
cant, in devising a simple apparatus from material available in most labora- 
tories. The availability of the apparatus, its simplicity of construction and 
operation, and the economy in time, together with the satisfactory results 
obtained, prompt us to describe it. 

apparatus 

The equipment consists of a vacuum pump similar to a Hyvac pump, 
capable of reaching a pressure of approximately' 0.2 mm. Ug; a good grade 
of pressure tubing ; pyres AVoulff bottles of 2 liter capacity ; 9 mm. pyres 
tubing from which bulb containers may be easily blown ; a cross-fire oxygen- 
gas torch for sealing the bulb containers mider vacuum ; a suitable desiccant. 
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such as clrierite ; incidentals, such as rubber stopiiers, rubber connections, and 
large bore pyrex glass tubing from udiicli the manifolds can be made. This 
apparatus is illustrated in Pig. 1. A spark coil vacuum tester is of miieli as- 
sistance in locating any very slight leak in the apparatus. It is our custom 
to go over the entire apparatus as soon as a good vacuum has been established, 
and in this ivaj^ locate and eliminate any tiny leaks -which, if permitted to 
remain, would result in slow and improper desiccation. 

The bulb containers are blown from pieces of 9 nnn. pyrex tubing, 8 cm, 
long, so that the bulb capacity is 0.5 to 0.8 c.c., facilitating drying 0.2 to 
0.3 c.c. of culture. The manifold is made from 15 mm. pyrex tubing to -svhich 
are attached 6 or 8 side arms of 6 mm. pyrex tubing, 2 cm. long, set at an 
acute angle of 70°. We dry 32 ampoules of cultures daily, using five such 
manifolds. 

METHOD AND PROCEDURE 


The method is essentiallj^ that of vacuum drying from the frozen state vith- 
out preliminarj’- freezing in dry ice or an ice salt bath. This metliod has been 
very well described by Plosdorf and Mudd® and for further details the reader 
is referred to their study. Briefls’-, our routine procedure is as follows ; Pieces of 
rubber tubing, 2 cm. long, are attached to each of the side arms on the mani- 
folds. The manifolds are then wrapped separately in paper and sterilized m 
the autoclave for twenty minutes at 15 pounds pressure. The Woulff bottles 
have previously been filled with regenerated drierite and stoppered tightly- 
At the time of drying, a sterile manifold is fitted into one of tlie opening-s in 
the Woulff bottle-desiccating chamber with a good grade of rubber stopped 
preferably of gum. An eighteen-honr-old salt-free broth infusion culture of 
the microorganism to be preserved is mixed with an equal volume of sterik 
skim milk and 0.2 or 0.3 c.c. of the above mixture is added, without coutanu 
nation, to the previouslj^ plugged and sterilized bulbs. Milk seems to prevent 
excessive bubbling during the degassing period and facilitates rapid resus 
pension of the dried bacteria in rvater whenever desired at a later date. The 
insertion of the manifolds in the Woulff bottles before connecting the bulbs 
simplifies manipulation and decreases the possibility of contamination. These 
bulbs are attached to the rubber connections on the manifold with the aid o 
an ordinary rubber tube stretcher, the width of the jaws being reduced so 
that touching the rubber connections by hand is unnecessary. Oecasiona 
flaming of the exposed ends of the rubber tube connections and the 
reduces the danger of contamination. After loading all manifolds the lub 
stopper connections between the manifolds and the Woulff bottles are gi ease'll 


tightly inserted, and the vacuum pump started. The system is 


allowed to 


evacuate, and the stopcock bet-ween the pump and Woulff bottle is close 
simultaneously with the development of the first bubble. The cnltnies av^^ 
then allo-wed to degas for approximately ten minutes, at the end of u n ^ 
time evacuation is continued. The cultures will freeze and the contamei-^ 
frost over after about three to five minutes of pumping, if the degassing pioj^^ 
ess is complete and the system is free from leaks. The degassing P^^’ ^ 
should be extended in ease bubbling continues as the cultures are he 
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inimped to freeze. After vaeuuHi freczin« the moisture vaiiorizes to tiae 
drieritc "with sufficient rapidity to retain the cultures in the frozen state 
throughout the remainder of tlic desiccating period wliich is approximately 
four liours. 

Tile lubes are left under vacuum for a total of eighteen to twenty hours 
to insure complete drying. At tlic end of this period the ampoules are cut off 
near the rubber eoiiiiectiou under vacuum by means of the cross-fire oxygen- 
gas torch. The cultures are thus sealed under vacuum in all-glass containers 
and are stored in the refrigerator until subcultured. According to the litera- 
ture, the above conditions are most ideal for preservation of bacteria. Upon 
subculturing, the ampoules are marked with a file near the bulb and opened 
in a flame with the aid of asbestos gloves. During this procedure care should 
be taken to avoid lieating the organism.s. After opening the container, the 
siibenltnrc medium is introduced with a .sterile, .slender-tipped pipette. Tlie 
desiccated materials arc exceedingly hygroscopic, and there is no difficult}' 
in obtaining a suspension of tlie organisms. AVo liave had no difficulty with 
contamination while using the above procedure. 

The drying capacity of tlie drierite is limited, but it may be readily re- 
generated by heating in an oven overnight at a temperature ranging from 
160 to 200“ G. A shorter re generation period, at liiglier temperature, is rec- 
ommended by the distributors of drierite, but for routine convenience the 
former conditions are found to be more satisfactory. The drying capacity of 
tlie contents of each AVoulff flask may be estimated and regeneration carried 
out when neco.ssary since 20 gm. of anhydrous drierite is adequate desiccant 
to freeze and dry 1 c.e. of culture suspension. Tlie rubber connections are 
renewed at intervals, depending upon the nature of the tubing and the fre- 
quenc}' of their use. 

AVe have used this apparatus extensively during the past summer and have 
found it satisfactory for drying and preserving cultures. From August 10 to 
August 31 we made 12 runs and dried and preserved 354 vials of cultures. AVe 
started ■with 5 pounds of freshly regenerated drierite and used it throughout 
the 12 runs without regeneration. AVc find upon subculturing these dried 
cultures six mouths later that they are viable and have retained their original 
cultural characteristics. This study is in progro^ and further observations 
on these dried cultures are planned. 

AVe Iiave also found this apparatus satisfactory for concentrating and 
drying human blood serum fi’om tlie frozen state by the Flosdorf and ]\Iudd 
technique. 

SUMMARY 

A simple, inexpensive, low' vacuum apparatus is described w'hicli satisfac- 
torily freezes and dries 32 bacterial cultures daily. The small amount of time 
required for operation is much in its favor. The simplicity of the apparatus 
nnd procedure makes low' temperature de.siccation of heat labile substances 
available to the average laboratory. 

tiny, indebted to Mr. Predenc E. Holmes, of the Children's Hospital Research Founda- 

, for blowing the glass manifolds. 
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AN AMPLIFIER FOR RECORDING HEART SOUNDS THROUGH THE 
USE OF THE CATHODE-RAY TUBE- 


Bert R. Boone, M.D., Washington, D. C. 


|V /I ANY workers who are interested in the recording' and study of heart 
sounds make use of battery-operated amplifiers and some form of 
galvanometer-recording device.^’® In considering the several types of instru- 
ments in use, the conclusion maj' be readied that these systems have short- 
comings worthy of mention. For example, batteries require replacement and 
constant care ; they require a separate cari-ying case or a large single case to 
house both the amplifier and batteries; the voltage of the several t3'pes 
batteries used is subject to continuous change, and as a result the amphfyiuS 
characteristics of the amplifier are variable. Further, battery-operated tubes 
tend to be micropbonic due to their structural characteristics. As for string 
or mirror galvanometers, they must be critically standardized to avoid over- 
shooting ; thej" maj" have inherent resonant periods and harmonic distortions 
which frequently fall directly in the range of the sound frequencies under 
investigation. It would appear that the medical profession has assumed the 
string galvanometer a suitable recording instrument, but electrical engineer 
do not wholly agree ivith this contention. Thus, Reid® indicates as two majoi 
defects of the string galvanometer: (1) Above 20 cj^le.? per second distortion 
in the form of harmonics, takes jilace, and as a result the string does not 
respond equally well to high and low frequencies. (2) The presence of body 
resistances of about 2,500 ohms in the string circuit Avill cause the string to 
react in a manner not easily controlled or compensated for. 

Recognition of the importance of these factors, coincident Avith a stud) 
of electronic dcAuces for more accurately recording heart sounds, has led to 

‘From Child Hygiene Investigations. Dh'ision of Public Health Methods, National 1^^ 
stitute of Health, u. S. Public Health Service, Washington. D. C., and the U. =>■ - 
Hospital, Stapleton, N. Y. 
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„ . E— The cathode-ray stcthoeraph, less camera. A, crjstal microphone . B, preamplifier , 

preamplifier output to E or K; E, amplifier Input. F, main amplifier: G, volume 
control; H, headphone output; /, line switch: J, vlcnlng screen. K, oscillograph input. 



rig. 2. — Pictorial representation of .appaiatus used. 


the development of an A.C. operated amplifier which can be used either as an 
electrical stethoscope, or, in conjunction with a cathode-ray tube, as a cathode- 
i^ay stethoscope. A photograpli of the apparatus which has been developed is 
shown in Pig, 1. Tlie .sketch given in Fig. 2 presents the arrangement of the 
several components of the instruments used in the heart sound studies. The 
microphone used is of tlie piezoelectric type, that is, one containing a mag- 
nesium .sulfate crystal wliieli produces minute voltages wdien sound waves 
impinge upon its surface. The resulting voltage varies in accordance with 
the amplitude and frequency of the sound wave and is impressed on the grid 
of the first tube of the amplifier. This type of microphone is small, light, and 
sturdy, and may be used in any position. Its frequenej’ response is excellent; 
it posse.sses no hiss or background noise, and it requires no matching trans- 
formers or batteries. 
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The amplifier has been designed to have high gain for frequencies as low 
as 30 cycles per second and to dampen frequencies higher than 1,000 cycles 
per second. This provision in the design of the instrument has been in- 
cluded since heart sounds usually liaA’e a frequency range of from approxi- 
mately 40 to 200 cycles. Thus, with the unnecessary higher frequencies 
damped out, a major cause of interference is eliminated. The tubes used are 
of the metal type. The power supply is taken from any common wall source 
of 110 volts, A.C. The power transformer is placed within the main cabinet 
which also includes the rectifier tube, an efficient filter circuit, and two am- 
plifying tubes. Inspection of the photograph presented in Fig. 1 shows a 
preamplifier, a small metal box attached on the right of the larger box. This 
unit consists of a two tube circuit of particularlj" high gain and sensitivity, 



Fig. 3. — Scliematic diagram of amplifier. 


a characteristic necessary for adequate amplification of the low output of t 'c 
crystal microphone before it is introduced into the main amplifier. On t w 
front of cabinets B and P in Pig. 1 may be seen four holes to receive the foiu 
plug-in jacks. Prom right to left the holes are microphone input, preamph 
output, main amplifier input, and headphone output. The connecting ca 
with jacks is used between the two units wdien all tubes are desired in 
circuit. The preamplifier is the condenser output and may be used to actuate 
the galvanometer on an electrocardiograph or the cathode-ray oscillogiap 
seen in Pig. 1. 

The schematic diagram of the entire amplifier is given in Pig- 3- 
be noted that the preamplifier is shielded from the chassis containing t^ 
power transformer, and that the B-plus supply has additional filtering 
the preamplifier. These two conditions contribute greatly to making 
amplifier quiet and hum free. 
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AVitli tlie Iieaclphones plugrg^ed into the preamplifier alone, the A'olume of 
the lieart sounds is about equal to that of the ordinary stethoscope. ’With 
the entire amplifier in use, the volume control needs to be advanced less than 
half its extent to obtain more than sufficient volume for the headphones. For 
the purpose of recording', tlie output of the preamplifier is impressed directly 
on flic input of the eatliodc-ray oscillograph. If a string or mirror galva- 
nometer is employed, the preamplifier output is introduced directly into the 
string circuit. 

The cathode-ray tube is not a new device, since, in fact, it preceded the 
development of the ordinary radio tube." It may be traced back to the 
famous Geissler tube from which was developed the Crookes tube. In 1897 
Dr. F. Braun, a Gorman physicist, modified the Crookes tube to make the first 
cathode-ray tube. He did tliis by placing a metal shield with a hole in it in 
the path of tlie electrons passing toward the target or screen. Consequently, 
instead of a cloud of electrons i^roceeding to the target end of the tube, only 
a pencil of electrons j)asses through the hole in the shield. In this way, a 
method of focusing and varying the size of electron beam was attained. Fur- 
ther experimentation demonstrated that this beam, when striking certain sub- 
stanee.s, was capable of causing them to fluoresce. Previously, it had been 
discovered that a beam of electrons could be bent to one side or the other by 
electrical or magnetic influence. Braun and his co-workers combined his in- 
novation with the previous discoveries to produce tlie modern cathode-ray tube. 

The cathode-ray tube tlnis lias throe o.s.sentinIs: tlie pencil of electrons, a 
fluorescent target for this pencil to write on, and some method of bending the 
beam in response to whatever changes it is desired to measure. Tliese essen- 
tials of the tube have not been changed .since Drnnn^s time, but many sig- 
nificant improvements have been made in details, such as making the electron 
pencil sharper and more re.sponsivc, improving the fluorescent screens, lower- 
ing the operating voltages, and lengthening the tube’s life. 

In referring to Fig. 2 it may be seen that the modern tube is flask-shaped, 
the electrons are produced in the narrow ueck of the tube by a heated fila- 
ment, and the beam strikes the base or target and traces visibly the phe- 
nomena being studied. Tlie photograph in Fig. 1 shows a modem cathode-ray 
unit with the various controls for focus, intensity, frequency, and amplitude 
of the beam. 

The tube has many applications*^* ® and is used throughout the industrial 
world, in television, in aviation for blind flying, and, more recently, in the 
medical world. In connection with the last application, it is used in several 
physiology laboratories for the study of Berger’s wave of the brain, muscle 
and nerve responses, registration of the heart .sounds, and in electrocardi- 
ography. Concerning this last use, Frey^** has stated that the cathode-ray 

0- seillograph is superior to moving coil oscillographs, chiefly because it will 

1- ceister accurately at all vibration frequencies present in carrying out a study 

of tlie heart. , 

Experience -n-ith the visual reRistration of iieart sounds on/th^-sergen of, 
tlie tube reveals that tlie wave forms may be observed instanfl^ accurately, 
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Fig. 5. — Tracing similar to above but with fllm speed of 400 mm. per second. 
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and with any desired amplitude. AUlioiish disturbances of rhythm, rate, and 
sounds can be seen on the screen, they are in essence transitory and pass 
rapidly. In this respect, visual observations of heart sounds, without pro- 
vision for permanent recordinp:, assume tlie same shortcomings whicli are in- 
herent in the use of the stethoscope. For this reason graphic recording is 
essential for detailed study of the sound events in the cardiac cycle. As 
shown in Fig. 2. a recording camera using a moving him was necessary to 
photograph the movement of the electronic pencil on the target. 

The sample tracings of heart sounds shown in Figs. 4 and 5 were photo- 
graphed from the screen of a blue spot, short persistence cathode-ray tube 
using a running /iJm camera having an f'2.5 Iciis. The film used was 35 nim. 
supersensitive panchromatic. 

In Fig. 4 a heart sound tracing is shown illustrating two cardiac cycles. 
The film speed was approximately 200 mm. per second. The base line can be 
seen to have present a faint GO cj’clc ripple, the cause of wliich was the lack 
of adequate shielding of the tube at the time the tracing was taken. A slight 
halo accompanies the recording spot, this being due to the glow of adjacent 
particles of the fluorescent material of the tube screen. Fig. 5 illustrates a 
single heart sound cycle from the same patient but with n film speed advanced 
to 400 mill, per second. At tliis .speed the spot halo is not ns noticeable. The 
speed of 200 or 400 min. per second is far greater tlinn is nece.ssary for routine 
stethograph studies, but has been reproduced here to demonstrate the prac- 
ticability of this method of recording. The optimum speed for heart sound 
recording is probably 100 mm. per second. 


SUMMARY 

A description is given of a heart sound amplifier which uses a eathode- 
ray tube as a recording device for reproducing in the form of photographic 
tracings the sound patterns emanating from the fnnetiouing heart. 

. The author Is Inclebteil to W’. C. Mock. Jr., of the t’ .S. Buicnu of Standauls, for as- 
sistance in producing the cathode-ray tracings In Figs. 4 and 5. 
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THE EAGLE CO]HPLEi\IENT FIXATION TEST FOR SYPIHLIS 


A Note on the Amboceptor Titration 


Aleen Gold, M.A., Topeka, Kan. 


W ITH the increasing' use of the complement fixation test for syphilis, as 
outlined Eagle,^ it seems likely that some ivill encounter certain 
difficulties met in our laboratories at the time of our first experiments with 
the technique in October, 1937. For that reason, it may be well to detail the 
major difficulty, and the means by Avhich it has been satisfactorily overcome. 

In our hands, the test, I'un in parallel with an eighteen-hour fixation and 
both Kahn and Eagle flocculation tests, proved at first definitely inferior in 
sensitivity. At the same time, complement titrations set up with the Eagle 
fixation test indicated the presence in the reaction tubes of considerably moie 
than the 2% units of complement required. In reviewing the theoretical 
considerations of the test,- it was found that in an effort to secure 2% RR'ls 
of complement in the test proper, use is made of the .supposed approximate!} 
reciprocal relationship between amboceptor and complement, and the am o 
ceptor is titrated dail 3 ', using 2^/^ units of amboceptor, thus deterniinecl, to 
sensitize the sheep er.vthrocytes for the test. It was apparent from the a * 
that, either because of unusuallj’^ potent complement or some similai factor, 
the concentrations used were outside the range in wdiich the relations ips 
between amboceptor and complement are even approximately recipioca • 
Hoivever, it seemed advantageous to retain, if possible, the priiieip e o 
dailj' amboceptor titrations, since as Eagle has pointed out, and as data pio 
viously secured had confirmed, the day-to-da.v variation in resistance o 
erythrocytes to hemolj'sis, as measured by titration with amboceptoi, is 
greater than the daj'-to-da.y variation in the complementarj' activiti o 
guinea pig serum secured from a fairly large pool of carefull}’ selected 
It appears logical to assume that the dail.v titration ivith amboceptoi 
retained, and control of complement concentration simultaneously aeu i 
if the amboceptor titration be set up ivith complement two-fifths the coi 
tration of that emploj’ed in the test, and the unit of amboceptoi so sec^^ 
be used to sensitize the sheep erytlirocj’tes. The test proper must 
necessitj’ contain 2% units of complement per tube. ^ 

In practice, the tests are first set up, preciselj" as outlined bj Ea,- 
complement diluted 1:10, after ivliich a portion of the residual 
is further diluted to give a final dilution of 1:25 (l.l ml. of 1:10 2 .95 

added to 2.1 ml. of isotonic saline suffices for sei^en tubes), aiic 
dilution is used in the amboceptor titration, ivhich in all othei 
carried out in accordance ivith the standard technique. The hig 
of amboceptor ivliieh gives complete hemol.vsis in thirty' minutes is^^^ j„„oant, 
to sensitize the sheep cells (and not, let it be pointed out, times u 
as ivith the original method). 
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this minor moclificatioii, the Eag-ie coiiiplemeiit fixation test for 
sj’pliilis lias, ill a series of more tlian 10,000 eases, given a higli degree of 
sensitivity, witli a specificity rating certainly in excess of tlie requirements 
of the United States Public Health Service. 
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ILLUMINATING I30X FOR FLOCCULATION (KAHN) AND 
SEDIMENTATION TESTS 


James S. Brotueriiood, M.D., Grand Rapids, Mich. 


'^HE satisfactory performance of any flocculation or sedimentation tests 
depends upon the proper illumination of the test tubes. Reliance upon 
daylight, especially during the winter months, and upon ordinary electric 
light, is not always satisfactory. 

The construction of an illuminating box, which will permit the passage of 
light through tlie sides of the test tubes, as u'eJl as from below through the 
depth of the fluid, help.s to solve this difficulty. In order to have the light 
pass from beneatii, it is necessary that the lower cros.s support of the test tube 
rack be replaced by a piece of clear glass, and tlie rack be painted with a 
dull black paint to prevent reflected light. 

The box shown in Fig. 1 is made of galvanized sheet iron, the size of the 
box depending upon the widtii of tlie test tube rack. A convenient size which 
'vill accommodate the ordinary test tube rack is 13 inches wide, 10 inches 
high, and 7 inches deep. A small rece.ssed platform is made to extend across 
the front of the box, and it is upon this platform that the test tube rack is 
placed. 

The base and back of this platform are made of two panels of daylight 
blue flashed opal transillumiiiating glass whicii may be obtained from any 
^-ray supply house. 

The interior of the box is painted \nth a flat white paint; the exterior with 
a flat black paint. On the postei'ior wall of the box, at the top and bottom 
are two rows of half inch holes to permit ventilation and for the passage of 
electric Avire from the lamps to the socket. 

Uor illumination tAvo GO Avatt frosted electric light bulbs are placed, one 
^t either end of the upper portion of the box, so that the light is reflected 
(ioAviiward, and through the tAvo panels of glass The top of the box is fitted 
inth a cover to permit replacement of the bulbs Avhen burned out (Fig. 2). 

Received for publication, March Jl, 1939 . 
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It is found of advantage to have a narrow strip of black papei 
to the bottom of the upright panel of glass to permit a break in the 
light passing through glazed area. The box should be made light enon^^^ 
to permit easy handling, so that when the test tube is in position on the P a 
form, the whole apparatus may be lifted to level of the eye and viewed. 

The cost of making the box by a tinsmith, including paint, electric 
sockets, wiring and other incidentals was less than five dollars. 
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THE SEALING OP MUSEUjM JARS’ 


H. II. Book, JI.D., and W. Sullivan. M.D., Boston, Mass. 


T WO devices \vliicli I’avc been of vr.li!? in the sc.iliii;: of (lal-top museiini 
jar.s are described here. They are particularly useful to those who do not 
liave cnoiigli of this work to aequh*e the proficiency of experts. 

The ccincnt used depend.s on several considerations, but long experience 
has shown that the best preparation is one composed principally of asphalt. 
Formulas are given by Little' and Mallory.- We Iiave been using a batterj’ 
sealing compoundt with satisfactory rc.sults. Jlost other cements are open 
to the objection that they are dissolved by one or more of the reagents used 
ill the preparation of the specimen. 

The gas-heated cement applicator sliown in Pig. 1 enables one to apply a 
neat ribbon of tlie softened eemont to the edge of the jar in a short time. 
The container for the cement is made of two pieces of tin, .soldered together 
with high melting point solder in the shape of a scoop about 0 cm. long. The 
open end is pinched together with pliers to leave an opening 1 mm. wide. 
The back of the scoop is screwed to the end of a wooden handle, such as is 
used in chisels. The bottom of the handle is grooved to take the gas line, 
bent in the shape shown. A bIouT>ipe makes a satisfactory gas line. Staples are 
used to fasten it to the handle, but it should be left just loose enougli so that 
its position with re.spoct to the scoop may be altered if necessary. 

A good method of affixing the top in order to obtain a perfect seal is to 
heat it when it is in the proper position and apply pressure evenly. An ordi- 
nary household electric iron is useful for this purpose, but for large jars it is 
desirable to have a heater with a larger surface. The heater shown in Fig. 2 
was made for this purpose. Into a cake tin 7 by 11 by l'/4 inches is poured 
5 pounds of refractory cement, J mixed with water. In this is embedded a 
660 watt replacement heating coil, ivhich may be obtained from any haid- 
ware store. The ends are attached by bolts to a length of asbestos-covered 
electric wire. A wooden handle fastened by wires to the ends of the pan 
completes the device. 

The actual procedure in sealing a jar is as follows : The mounted speci- 
uien is carefully placed in the jar, and the preserving fluid is added to within 
2 cm. of the top edge. The latter, as well as the lid, should be scrupulous^ 
clean and dry. With the applicator a ribbon of the melted cement is de- 
posited on the edge of the jar, an attempt being made to keep to the outer 


•From the Department of Anatomy. Tufts College Medical School. Boston. 
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surface. The lid (which must liave a small hole in the back left-hand corner) 
is placed in position, and the electric iron or heater, at room temperature, on 
top. The current is then turned on, and as the lid warms up it softens the 
cement. When a broad seal all the way around is obtained, the heater is 
removed. Care should be exercised not to have the seal too thin, otherwise it 
may be easily broken by jarring- or temperature changes. When the cement 




is thoroughlj' cooled, preservative fluid is added through the vent wit i 
needle and syringe to 1 cm. from the top. It is not wise to have the an 
cushion over the fluid too thin, as a period of hot weather might break t le 
seal of the vent. The latter is closed Avith a drop of hot cement. 
cement is scraped off, and the jar is cleaned Avith gasoline. The seal inaj 
made more attractiAm bj- applying a narroAv border of black enamel, nsnh 
masking tape to obtain a straight edge. . , 

No matter hoiv carefully the jar has been sealed, it should be examine^ 
from time to time, as temperature changes occasionally cause a break m 
seal, especially at the A^ent. 
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AN INSTRUMENT FOR OBTAINING BONE MARROW^i 


G. 0. Favokiti:, Piiri>.\Di:LriiiA, Pa. 


T he trephine and the needle puiietiire are the current popular methods for 
obtaining bone marrow for study. The .sternum is the usual source of the 
marrow, and the present methods are more or less designed for this bone. 
The needle biopsy is easily performed, but the material obtained usually con- 
sists of a mixture of blood and marrow cells. Quite often the lack of cellu- 
larity in the preparation does not repre.sent the true state of the marrow. 
On the other hand, the trephine method often require.s the services of the 
surgeon. As a diagnostic procedure it must be admitted that it is formidable, 
and, at times, out of proportion to the information obtained. The disadvan- 
tage.s are outweighed by the cellularity of tlie preparations and material 
obtained for histologic sections in studying tlie topography of the marrow. 
An excellent critique of the comparative methods is given by Damesliek, 
Ilenstell, and Valentine.^ Tliey conclude, in part, tliat the trephine method 
is far superior to the puncture technique. 

It seemed that there should be a compromise between tliese two extremes, 
that is. ease of performance with poor cellularity of the needle method, and 
comparative difficulty of performance with good cellularity and topography 
of marrow with the trephine. "With this thought in mind, an instrument has 
been devised which seems to strike a happy medium In no way is it intended 
to replace the trephine. On tlic other hand, it lias been found far superior 
to the needle method since actual marrow is obtained for smears, and in 
many instances, for liistologic .sections. 

The instrument consists of a No. 11 gauge cannula, a trocar, and a small 
drill which fits the cannula, as shown in Fig. 1 The eaniuda and trocar have 
been used for some years by our laboratory in bleeding donors. The drill is 
fitted with locking nuts wliich regulate the extension of the drill beyond the 
cannula. The tip has shallow cross grooves which aid in retaining the mar- 
I’ow. In tlie adult of average skeletal development, this distance is 4 mm. 

The gladiolus is the site of operation. Tlie most de.sirable location is the 
level of the tliird or fourth intercostal space. This region is especially 
desirable in women for cosmetic reasons as well as for the cellularity of the 
marrow. 

The technique of operation is easily acquired after several performances. 
After sterilization of the surface with alcohol, the skin, soft tissues, and 
periosteum are infiltrated with a local anesthesic, .such as 1 per cent novocain. 
The periosteum is infiltrated for an area of 1 cm. in diameter. If the infiltra- 
lion is adequate, the patient experiences no pain. Ihc cannula, with the 
ti'ocar in place, is introduced obliquely through the skin, in the direction of 
lon g axis of the sternum. Since the caliber of the cannula is rather large, 

*From the Clinical Laboratories. Hahnemann Hospital, Philadelphia. 
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Fig. 1. — From left to right, the figure shows the cannula and trocar, the drill with the details 
of the tip in the circle, and the di'ill within the cannula. 




,, The dotted figure shOAvs the direction for introducing thf’ upri?!^^ 

through the skin. ‘When tliis maneuver is completed, the instrument is fota-lcd m 
position. B. The cannula is pushed downw’ard to rest on the sternum. C. The dr 
trated the sternal plate and the tip is within the marrow cavity. 


the skin must be fixed firmly against the chest wall with one hand nlhk 
camiiila is penetrating the skin. If this is not done, the skin will buckk, 
considerable force i.s then required to penetrate it. It is essential that 
eaninila itself, regardless of the trocar, must enter the skin for a . j 

at least 0.5 cm. The cannula and trocar are then straightened in the 
position, as shown in Fig. 2A. The trocar should touch the periosteum m 
center of the anesthetized area. With the trocar as a guide, the 
forced downward so as to rest on the periosteum. This maneuver m i 
trated in Fig. 2B. ^ 

The trocar is removed, and the drill is introdneed in the cannula, 
now serves as a guide and as a guard. It also determines the depth to 
the drill will enter the sternum. One must ascertain previously that the o ^ 
ing nuts are firmly tightened at the proper distance. The drill is opera 
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firmly turning and applying a varying amoiint of force downward until it 
catches. Tliereafter it ivill jirocoed downward b.v merely rotating it. When 
the drill has reached its full iiredetermincd depth (Pig. 2C), it is further 
rotated several times, and then withdrawn while the cannula is held firmly 
in place. The marrow will bo found in the grooves of the drill. With the 
point of a needle (gauge 19) the fragments can bo removed and smears made 
on clean slides by gently streaking the marrow on the gla.ss surface. The 
bevel of the needle will hold the fragments in position for this purpose. 



Fig. 3.— A photograph showing tho amount of marrow material obtained in two cases. 


The drill should bo reintroduced several times. It is essential that the 
cannula be held flrml}* again.st the stcriunn in tlie upright position so that 
the original hole is not lost. By varying .slightly the direction of the cannula 
and drill, additional marrow is obtained for iii.stologic .sections. Pig. 3 repre* 
sents the average amount of material obtained in two of the 50 cases in which 
the instrument has been u-sed. 

The cannula is •witlidrmvn in the usual manner. There is left a small 
puncture wound of tlie skin. Tliis can be minimized by pressing it between 
the fingers, thus flattening and approximating the edges. It is then covered 
with a dry sterile dressing. 

Ill conclusion, we feel tliat this instrument, es.sontialIy a drill, is a worthy 
compromise between a needle and a trephine. It oflers all the advantages of 
the needle and most of those of the trephine. The cellnlarity of the smears 
Js similar to the trephine preparations. Small marrow fragments often give 
^ fair topography of the marrow but do not compare with the large sections 
obtained with the trephine. The method can be performed at the bedside and 
can be repeated many times. 
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ADAPTATION OP THE ROLLS RAZOR TO A NEW TYPE OP 
]\IICROTO]\IE BLADE- 


J. JL Peder, M.D., Anderson, S. C. 


T here exists a palpable need for an auxiliary microtome blade in the 
larger laboratories, an all-purpose blade in small laboratories and an iii- 
expensive one to be used by students in their first attempt at microtomy. 

The Rolls blade, held in a suitable holder, meets most of the require- 
ments of each group. When so employed, it can be used in connection with 
all types of microtomes, sliding, rotary, or “ swing.” It works equally well 
with paralfin or frozen section.s, and as a consequence, can be instantly 
changed from one type of service to another. 

The orthodox microtome blade is a dangerous weapon in the hands of 
beginners, and the hlade described greatly mhrimizes the risk of personal 
injux-y by the inexperienced worker. 

Por the past two yeai's an attempt has been made by us to evaluate all 
of the various blades now in use in an effort to select one that xvould most 
nearly meet the major requirements for a universal edge. The Rolls razo: 
was selected for the following reasons: 

1. The Rolls blade has approximately the same degree of hardness as 
the finest microtome blade and is made from the Amiy best English steel. 

2. The blade nearly approaches in shape the ordinary mici’otome knife- 
(Rolls razors are hollow ground; hoxvevei", through the coopex’atiou of the 
makei’s, blades purchased for this purpose xvill be ‘‘chisel ground if 
qixested. When shai’pened in this manner, tliev are much more satisfactoiy 

3. The unique construction of this razor nxakes honing and stroppn'c 
easy for the most inexjxeidenced in this otherwise difficult procedui'e. Oj’® 
lid of the box contains a hone, while the other contains a fine strop, 
blade is attached to a sliding mechaixism by a half turn, and the stioppa^^ 
handle moved backward and forward. The edge is brought into contact 
strop and hone at the pi’oper angle and is automatically reversed when 
maximum exciu-sion has been reached. ,, 

This ease of stropping and honing assures a keen-eclgeci kx 
times, and the facility with Avhieh the blades can be stored aids in keep 
them in a safe place when not in use. 

•From tlie Laboratories of Anderson County Hospital, Anderson. 
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Holder for Rolls Rladcs . — A piece of tool steel, 12.5 cm. in lengtli and 
0.5 eni. in tliiekncss, was tajjered down toward a blunt edge, approximately as 
nearly as po.ssiblc tlie shape and size of an ordinary niierotoine blade. The 
holder measured 2.9 cm. in breadth, and at the thinnest portion mea.snred 
0.2 cm. 



Fiff, 1 — Holfloi- with blade in position A6ovc, holder, stropping: and honing appliance 
Is shown. Hone Is In position for use. and stiop I.s shown at left B\' the expedient of placing 
strop on box and removing that part containing hone, the situation is i everted, and stropping 
can bo earned out. 



2. — Holder with blade detached. The blade l.>; In siiarpcnlng element ready for honing. 

It can be attached and removed by a simple half turn. 

In the central portion of this bar of steel, a slot was ent to acconiniodato 
the blade. This opening is 3.8 eni. long and 1.5 cm. deep. On the left end of 
tills opening, two pins were placed to engage in the two depressions noted on 
one end of a Rolls razor. The opposite end of this blade is fitted with an inset 
steel ball. A setscrew with a lunirled head is placed in the right end of the 
Iiolder and is so arranged, tliat wlien it is tightened, its inner end engages the 
tiall of tile blade, tluis seenring it in an immovable position in the holder. 

To Insert Blade . — The blade is plsiced in the depression of iiolder in such 
<1 manner tliat tlie two small pins on the left engage in proper depressioim hi ^ 
blade. Tlie setscrew is tiglitened, and tlie instrument is ready forAiJe.^In^ 
Sertion and removal of blades are operations requiring hut a levjl s*eeondss?o 

accomplish. 
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CONCLUSIONS 

A microtome blade suitable for all light routine work has been described. 
It lias been found to function as well as any of tlie commonly used appliances 
and is superior from tlie standpoint of safety and the ease udtli wliicli sharpen- 
ing can be accomplished. 

It is economical to purchase and maintain, and it offers no storage prob- 
lem when not in use. 

Appreciation is extended at tliis time to Mr. Raymond C. Corby, of Rolls Razors, Inr., 
for his aid and counsel during tliis investigation. 

Tlie apparatus described here is distributed by A. S. Aloe Co., St. Louis, Mo. 


A SIMPLE METHOD OP STAINING SPIROCHETES IN ROUTINE 

PARAFFIN SECTIONS* 


With Remarks Regarding Distribution op Spirochetes in Tissues 


Gabriel Steiner, M.D., Detroit, Mich. 


A METHOD of staining spirochetes in frozen sections tvas published iu this 
Journal December, 1937.^ A modification of this technique for use ivitb 
paraffin sections in routine iirocednre tvas sought, and a reliable method has 
been developed. 

The procedure is as follotvs : the tissue is thoroughly fixed in 10 pet eeat 
formalin. Fresh tissue can be fixed in hot formalin (the formalin solution 
being changed once). 

1. The tissue is dehydrated iu graded alcohols, cleared in xylol, embedded 

in paraffin, cut at 9 to 10 micra, and mounted with albumin. 

' • ,1 

2. The mounted sections are deparaffinized in xylol and placed m a 
solute alcohol (two changes). 

3. The sections are placed in a uranium nitrate-alcoholic gum mast 
solution for one to one and one-half minutes. This time should not he 
eeeded, since a longer exposure to uranium nitrate interferes seriousl.i 
the subsequent staining of the spirochetes. 

Uranium nitrate-alcoholic gum mastic solution : 

Uranium nitrate (4%), alcoholic (absolute) 

Gum mastic (25%), alcoholic (absolute) 4:0 to 50 c.c. 

Absolute alcohol 20 to 30 c.c. 

This gives an 0.8 per cent uranium nitrate 10 to 12.5 per cent gum m 
solution in absolute alcohol. Two hundred cubic centimeters of the so 
are necessary when using a glass traj’" carrying ten slides. 

•From the Department of Pathologrv. Wayne University Coliege of Medicine. D 
Received for publication, April G. 1939. 
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4. Wash the slides in at least three changes of distilled water. The first 
washing will cloud the water. A few streaks of the gum mastic may be shed 
in the second washing. If the third change of water is not clear, a fourth 
should be employed. 

5. Place the slides in a 0.1 per cent aqueous silver nitrate solution for 
one to one and one-half hours. The .staining di.sli containing the slides and 
silver nitrate is placed in a water batli at 100^* C. 

The solution of silver nitrate must be chemically pure We liave found 
the rectangular staining dish with the removable glass tray most convenient. 
A pan of tap water over an electric plate makes a satisfactoiy water bath 
After the staining dish lias been placed in the pan of warm tap water, the 
temperature is gradually raised to boiling. 

6. Wash tlie slide.? in di.stilled water. 

7. Dehj’drate in ascending graded alcohols — 80 per cent. 95 per cent, 100 
per cent. 

8. Place sections in 10 to 12.5 per cent alcoholic (absoliitc)-giim mastic 
solution for five minutes. 

9. Repeat step 4. 

10. Reduce in 5 per cent hydroquinono solution for twenty to thirty 
ininutes. The staining dish containing the slides and hydroquinone solution 
is placed in a water bath at 100*^ C., the temperature having been raised 
gradually. 

Hydroquinone solution: 

Hydroquinone 10 gm. 

Alcoholic gum mastic (12.5%) 1 c.c. (approximately) 

Distilled water 200 c.c. 

11. Wash thoroughly in distilled water, deliydrate in alcohol, clear in 

3cyIol, and mount in balsam. 

12. If desired, the tissue may be couiiterstained witli hematoxylin and 
eosin, cresyl violet, acid fuchsin, ba.sic fuch.siii, etc., after washing following 
reduction with the hydroquinone. 

Pf'cjjaratwji of StocJc Sohiiions: 

1. Uranium nitrate ffni. 

Alcohol (100%) 100 c.c. 

This solution may be kept indefinitely in an amber, glass- 
stoppered bottle. 

2. Silver nitrate (C. P.) 1 

Water (distilled) 1,000 c.c. 

This is a stable solution if kept in an amber, glass-stoppered 

bottle. 

3. Gum mastic powder S™' 

Alcohol (100%) 

Shake several times over a period of two days and then filter 
through a double filter. The filtrate is clear and has a yellow color. 

The hydroquinone solution is unstable and must be prepared just prior to 
using. 
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The iiraiiiuiii nitrate-alcoholic gum mastic solution may he used not more 
than tivice. 

Separate staining dishes should be used for the uranium nitrate-giim mastic, 
for the aqueous sih'er nitrate, and for the hydroquinone solutions. Individual 
staining dishes should also be used for the distilled water and alcohol. 


RESULTS 


The color of the stained tissue depends upon the thickness of the section. 
Sections 8 to 9 niicra in thickness have a deep yellow color ; thicker sections 
tend to be brown, while thinner sections are pale yellow. 

Occasionally reticular (argyrophil) fibers are stained in these prepara- 
tions. However, because of their grayish color, as contrasted to the jet black 
of the spirochetes, reticular fibers are easily identified. 

The time required for staining, if no counterstain is employed, is from 
two to two and one-half hours. Paraffin sections of primary and secondary 
syphilitic skin lesions, gunimata, brain in general paresis, syphilitic aorta, the 
lung, liver, intestine and kidneys of congenital syphilitics, and organs of 
guinea pigs with Lepto.spira infection have been stained. The contrast be- 
tween the glistening metallic black surface of the spirochetes and the indif- 
ferent yellow tissue is very marked. This marked contrast permits the identi- 
fication of spirochetes when present in the tissue even in very small numbers. 

Advantages of This Method. — 1. Precipitates of metallic silver are pre- 
vented more easily' than in other methods. 

2. The method is faster than any other. 

3. Only four special chemicals are required : (a) uranium nitrate, (b) 
silver nitrate, (e) gum mastic, and (d) hydroquinone. 

Silver nitrate in 0.1 per cent solution is used; therefore, only small ainouut- 
of this rather expensive material are reqnired. 

4. This method fits into the usual routine technique used for paraffin se^ 
tions in this country; therefore, alternating serial sections can be stained m 
hematoxylin eosin and for spirochetes. Counterstains are readily made o 


sections treated for presentation of spirochetes. 

Siyecial Arrangements and Distrih^dion of SjArochetes in T'issucs.—A\ o ^ 
gans of the congenital syj)hUitic with abundant spirochetes, an aiianc^™ ^ 
along the connective tissue bundles is very often found. The 
a tresslike accumulation on the connective tissue strands and between 
The longitudinal axis of the spirochetes runs parallel to the 
du’ection of the fiber strands. In the outer yiarts of the walls of cross-sec ^ 
blood vessels, dense masses of spirochetes are found arranged circidai 
epithelial structures (bronchial epithelium, intestinal epithelium) the 
ehetes tend to be arranged radially to the lumen, parallel with the 
nal axis of the columnar cells, and mostly between the cells. 
membranes .show a different arrangement insofar as here a circular distu 
of spirochetes is seen. A clear-cut transverse section of a bronchus 
inte.stiual villus shows that the angle between the direction of the 
in the epithelium and that of the organi.sms beneath the epithelium m i 
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DO degrees (Fig. 1). In tlie imiscularis of the intestiiiiil tract tlie aiTaiigeiiieiit 
of spiroclictcs is in a line rminiiig parallel to the direction of the muscle fibers. 
Thus, in the layer of circularly arranged muscle fibers the spiroclietes are 
arranged circularly also, and in tlie longitudinal muscular layer a longitudinal 
location of the spirochetes is found. In the leptomeiiinges the same rule ap- 
plies — the spirochetes are arranged along the longitudinal course of the con- 
nective tissue, tangentially to the surface of the corte-v of the brain. 



pa It t — Routine paraffin section, new stain, congenital sjphilis. Spirochetes are arranged 

raaially to the lumen of the duct parallel with the longitudinal axis of the columnar cells. In 
I-il 7?®®^ membrane and the adjacent connective tissue spirochetes show a circular ois- 
fvi Note degenerating forms of spirochetes, rings, and hnobs m parts of the duct, 

t X l.UOv. ) 


111 paretic brains four different arrangement.s of spirochetes are discerni- 
ble: first, a longitudinal aiTangement in the adventitia of the veins, capillaries, 
and arteries aiong- tlie course of these vessels running toward the depth of 
the gray matter (Fig. 2) ; second, an almost complete limitation to the gray 
substance of the central nervous system; third, an arrangement on the border 
line between the cortical grav matter and the white matter where the massed 
spirochetes tend to parallel the arrangement of the arcuate or U fibers;' 
and fourth, an arrangement around the larger nerve cells of the cortex, 
sometimes in dense accnmulations^ without penetrating into the nerve cells 
themselves. In paretic brains the complete absence of spirochetes in the vas- 
cular lumiua is interesting to note, since in congenital syphilis the vascular 
spaces contain spirochetes. Previous examinations of a series of paretic brains 
V ith the method of frozen sections showed that, particularly in very acute 
and untreated cases, the parasites migrate from the leptomeninges into the 
cerebral cortex by way of the pial funnels of the vessels and tlie adventitial 
part of the vascular walls. A direct penetration from the leptomeninges 
through the superficial glial membrane and other structures of the outer part 
of the molecular layer Avas not seen. This finding is confirmed by the new 
method (Pig. 3). Ill tlie cerebellum of a paretic brain the same type of in- 
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Fig. 2.— Routine paraffin section, new stain. Early acute nontreated case of general 
paresis. Brain cortex. Longitudinal arrangement of spirochetes in the adventitial walls or 
cortical blood vessels. The spirochetes in the upper part of the figure are located in the wall of 
a capillary. (X950.) 



Pig. 
paresis, 
figure a 
(X950.) 


pta section, new stain. Early acute nontreated ^a®® 

funnel entering brain cortex. In the left js s 

^emicircularly shaped region of the brain surface, free from spirocheteSr 


the 
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Tasion ivas found. Tlie spirochetes in tlie cerebellar .substance itself are seen 
in parallcl-rimnin" courses, and in the molecular larer sometimes they are 
arranged perpendicularly to flic course of flic blood vessels entering from the 
meninges. 

A peculiar appearance of spiroclictes slionld be mentioned, that is, their 
arrangement in large spbcrloal or oval-sbapcd masses of closely packed indi- 
viduals. This is seen in the acute and early stages of general paresis. These 
massive spirochetal aeeiimulations are similar to those found in the liver and 
other organs of cases of eong-cnital -syphilis. Focal necroses in the tissues are 
produced by these dense masse.s, and this destriietion is called “miliary 
necrosis,” to be distinguished from miliary gnniiuatons lesions. The histo- 
logic equivalent of these spirochetal massive coils is a miliary necrosis in the 
paretic brain also. These miliary necroses ivere first seen by NissF long be- 
fore the disclosure of T. pallidum in the brain of paretics by Noguchi.^ Later 
on, Ilaiiptmann,” Schob’ and others, eoiild shoir that a definite and direct 
relationship exists betiveen these massive spirochetal aecumulations and the 
necrotic foci. 

These massive balls of spirochetes in the acute and early stage of general 
paresis are found in tlie first, the second, and u|) to the fifth layer of the 
cerebral cortex, and on the borderline betiveen gray and white matter. They 
are rarely found bordering the surface of the cerebral cortex adjoining the 
pia mater, but when flii.s does occur, the shape of the spirochetal mass is 
semisplierical or seiuioi-al, with the base on the cortical surface. On examina- 
tion of the adjacent leptoiiieiiiiigcs luimeroiis spirochetes are also found, but 
the arrangement of these is in bundles of parallel-running spirochetes forming 
twisted threads. 

One charaeteristic feature of the parcnehyniatonsly located massive spiro- 
chetal balls may be noted. The center .shows a brownish color, whereas the 
.spirochetes of the outer or peripheral parts are as black as usual. 

Degenerating forms of -spirochetes, spiroehctal rings, disks and knobs of 
regular or irregular shape are stained black also, and are seen mostly on one 
end of the individual spirochete (Pig- 1)- Occasionally a ring or knob is seen 
in the middle of a parasite. 


COMMENT 

The method herein described for staining .spirochetes in parafEin sections 
■s at least equal in its effects to other commonly used methods of staining 
spirochetes. The Levaditi,* Noguchi,''’ and JalineP methods are silver salt 
reduction methods which can be used only on tissue blocks. The Warthin- 
StarryW and Dieterle'^ methods may be useful for paraflSn sections, but they 
ere more complicated or take longer than this method. 

The peculiar arrangements of T. pallidum in the tissues of sj-philities are 
not at present satisfactorily explained. Some of the difficulties of explanation 
depend on the fact that the spirochetes may survive the death of the host. 
After death of the infected host, the spirochetes may move and change their 
position. In animals (experimental syphilis of rabbits) after surgical removal 
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of sjiiliilitie tissues and immediate fixation in formalin, spirochetal accumula- 
tion along the strands of connectiYe tissue, and parallel-running with them 
can be seen. Similarly the adventitial and periadventitial accumulation of 
spirochetes is shown. Therefore, the characteristic distribution of spirochetes 
in the adventitial parts of the vascular walls must be accepted as an intravital 
phenomenon occurring in the body of the host. 

The restricted location of the spirochetes which are limited to the gray 
matter and absent from the white matter of the brain in general paresis is in 
complete accord with the clinical and histologic findings. In general paresis 
iiiflammator.y reactions are seen especially in the cortical gray matter and in 
the gray matter of the basal ganglia (nucleus caudatus, elaustrum, putamen, 
and thalamus opticus). They consist of an infiltration of the adventitial 
sheaths of the vascular walls by plasma cells and lymphocytes. These are the 
same spaces in which in eaidy stages of general paresis the spirochetes are 
carried. 


SUMMARY 

1. A new simple method of staining spirochetes in routine paraffin sec- 
tions and its results are desciubed. 

2. A reason for the adventitial and perivascular round-cell infiltration 
seen in syphilitic tissue is suggested. 
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THE CONSTRUCTION OP AN INEXPENSIVE POWER WASHER AND 
THE DESIGNING OP ECONOMICAL AND EFFICIENT BRUSHES 
FOR THE CLEANING OP LABORATORV GLASSAVARE^ 


IIariiy E. Morton', Sc.D., Piiiladclpiiia, Pa. 


'^HE problem of eleaniiijr jrb'issware for baeteriolof,^ie and serologic -work 
^ become.s momentous if more than a few workers or students are to be sup- 
plied. Often there is not a great abundance of glassware, so the soiled glass- 
ware has to be cleaned and returned for use as rapidly as possible. Likewise 
the space provided for cleaning purpose.s usually does not provide accom- 
modation for a staff of cleaners, nor do budgets make provisions for such a 
staff. 

Since much of the glassware in bacteriologic laboratories is contaminated 
with pathogenic mieroorgani.sms, the material has to be sterilized before it 
can be handled by the workers. The .sterilization is usually done by the 
quickest, mo.st efficient and most economical method — autoclaving. Often the 
glassware contains blood, serum, Loeffler's medium, or such media as are used 
for growing the acid-fast group of microorganisms. After materials of this 
nature have been autoclaved, their removal from the glassware is usually 
very difficult. Often the autoclaving process makes traces of other material 
more difficult to remove. In order to clean such soiled glas.sware it must be 
thoroughly brushed, and, when cleaned by hand, this procedure requires 
much time and energy. Under these conditions it was our experience that 
the glassware was not satisfactorily cleaned Aleehanical Avashers available 
on the market Avere either too costly or impractical for the usual teaching 
and research laboratory, so Ave set about to construct an inexpeiisiA'e poAver 
AA'asher. We AA'ere handicapped by the lack of satisfactory brushes ca'cii AA’hen 
washing the glassware by hand. 

Power Washer.—The articles used for constructing an inexpensive and 
practical power washer are : 

1 General Electric motor, model 5KH43ABJ08, HP, HO AC, f!0 cycle, single 
phase, cushion brace 

I % inch chuck, tapered 

1 shaft % inch diameter, 14 inches long, taperetl to fit above rliuck 

2 % inch flat boxes Avith grease cups 

2 thrush bearings 

2 collars for above thrush bearings 

1 3 inch driver step pulley to fit % inch shaft 

1 3 inch driver step pulley to fit % inch motor shaft 

I 20 inch driver belt 

Phna/eSi^ Department of BactenoIoBy. School of MeiUcinc, the University of Pennsylvania. 

Received for publication. March 9, 1939. 
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4 bolts for mounting sliaft 
4 bolts for mounting motor 
2 three-way switches 

1 male end for electric cord and a few feet of rubber-covered electrical extension cor3 
Miscellaneous pieces of lumber, nails, and screws for assembling cabinet. 


The articles are all standard equipment and represent a total cost of less 
than $22.00. The assembled unit is shown in Figs. 1 and 2. 

At the base and on the inside of each of the two side panels is nailed a 
3^ inch strip. Resting upon these strips and fastened to the sides is tlie base 
for mounting the motor. On the underside of this base is mounted the % incli 
shaft by means of the flat boxes. The motor is then mounted upon the base 
so as to give the proper tension on the belt. To the motor is attached an 
electrical extension cord by means of two three-way switches. A 1 inch hole 
is drilled in the front panel for the shaft, and the panel is secured in position 
by means of screws. 


The purpose of a 3-way switch on each side of the washer is to enable the 
washer to be opei’ated eonvenientlj' by either a left-handed or right-handed 
worker. The advantage of the tapered ehnck is that the shaft may revolve in 
either direction without the danger of the chuck coming loose. The speed of 
the .shaft should not he more than one-third that of the motor. Under ordinaxy 
conditions the motor runs at 1,725 r. p. m. ; by means of the step-down pnllevs 
the shaft revolves at 575 r. p. m. At this speed very little water is thrown 
from the brush, so we have not found it necessary to equip the washer with 
a shield to protect the worker. It requires only a few seconds to loosen the 
jaws of the chuck, insert a brush, and retighten the chuck. The compactness 
of the power washer enables it to he carried from one room to another or 
from one work table to another. 


Brushes. — Satisfactory^ brushes, to be used by band or with the power 
washer, for cleaning the usual laboratoiy glassware are not readily avaflnhle 
on the market. The brushes which we now use for hand or machine work 
have been designed of a twisted-in-xvire construction with the cooperation o 
the Fuller Brush Co., Industrial Division, Hartford, Conn., and have the fo 
lowing specifications (Fig. 3). 

No. 1H706 for cleaning serologic tubes (10 mm. by 100 mm., onlsidc 
diameter) by machine. Diameter % inch, brush length with tuft 3^/4 
overall length 6% inches. Black bristle. Wire handle straight for inserting 
into ehnek. 


No. 1H707® for cleaning serologic tubes by hand. Same specification^ 
as for above brush 1H706, except that finger loop is left on end of hnnd c so 
that the brush can be used by hand. 

No. 1H708 for cleaning Wassex’mann tubes (13 mm. by lOO mm. 
diameter) fay machine. Diameter % inch, brush length with tuft 3^4 J 
overall length 6^/4 inches. Black bristle. Wire handle straight for inser » 
into chuck. 


»We have found it advantageous to hax’e a few of the brushes pade up . * W 

the end of the handle so that the brush can be used by hand. Occaslonalij it 
brush a few tubes while the power -washer is in use or a different sized brusn is 
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No. 111709*'^ foi* cleaning 'Wasserinann tubes by hand. Same specifications 
for above brnsli 1II708, except that finger loop is left on end of handle so 
that the brusli can be used by liand. 

No. 1H701 for cleaning ordinary test tubes (16 mm. by 150 mm. outside 
diameter) by machine. Diameter % inch, brush length with tuft inches, 
overall length SM; inches. Black bristle. Wire handle straiglit for inserting 
into chuck. 


See footnote bottom paae 212. 
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No. 1H705* for cleaning ordinary test tubes by band. Same specifica- 
tions as for above brush 1H704, except that finger loop is left on end of banclle 
so that the brush can be used by hand. 

No. 1H703 for cleaning large test tubes (25 mm. by 200 mm. outside 
diameter) and 50 e.c. centrifuge bottles by machine. Diameter 1 inch, brusli 
length with tuft 3% inches, overall length 10% inches. Black bristle. Wire 
handle straight for inserting into chuck. 



Piff. 3. — Brushes designed for machine or hand cleaning of laboratory glassaare. Fo 
description of the individual brushes see text. 

No. 1H710 for cleaning 250 c.c. centrifuge bottles and 125 c.c. Erlemuej^^ 
flasks by machine. Diameter 2% inches, brush length with tuft 5 inches, 
overall length 11 inches. Black bristle. Wii’e handle straight for 
into chuck. 

No. 1H711* for cleaning 250 c.c. centrifuge bottles and 125 c.c. Be 
meyer flasks by hand. Same specifications as for above brush 1H710, exc 
that loop is left on end of handle so that the brush can be used by ban . 

If it is necessary to clean glassware other than the above-mcntioi 
standard sizes, satisfactory brushes can be designed as were these brushes. 

The Cleaning Process . — Contaminated glassware is autoclaved 
tiling, the cotton stopper removed, and any fluid poured out while 
The cotton stoppers ai-e removed from other glassivare, and any liquid, i P 
ent, is poured out. The glassware is then completely submerged in dis i pc 
suitable size (we have found the oblong, white enamel baby baths nios ■ 
venient), containing about half an ounce of Char-Lab washing povtei 


•See footnote bottom page 212. 

tObtainable from Elmer and Amend, New York. N. T. 
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solved in about 3 gallons of •warm -water. The solution of washing powder is 
brought to a boil and boiled for about fifteen niimites. The solution is cooled 
or replaced with cool tap water until the glassware is cool enough to handle. 

A brusli of the j)roper size is placed in (he cluick of the power washer, the 
chuck is tightened, and tiie brush .set in motion by turning on the power washer. 
It is best for the cleaner to wear rubber gIove.s and also to wear over the rubber 
glove of tlie right hand an ordinary wliite canvas glove wliich serves two very 
good purposes: (1) as a wn.sh cloth and (2) as added protection. A handful 
of tubes is picked up out of the wash water witli tlie left liand, and without 
enipt.ring the wa.sh water out of the tuhc.s, they are cleaned one by one on 
the revolving brush. A tube is gra.spcd firmly by the right liand and shoved 
over the revolving brush as far as possible. There is practically no danger 
whatsoever of the end of tlie brush breaking tlie tube as tlie brushes are con- 
•stnicted with a very good tuft. By tlie time tlie tube has been shoved over 
the brush until the tuft eomes in contact with the end of the tube, the inside 
of the tube is cleaned, and tbe tube may be witlulrawn from the brush. 

Usually the outside of the tubes is also soiled, as witli wax pencil marks. 
Tliese wax marks are very easily removed, if wliile the tube is still on tlie 
brash, tlie ifrip on tlie tnhe is released .slightly so as to allow the tube to re- 
volve against tbe canvas frlovc wliieli is beiiifr worn over tbe rubber glove. 

It is the practice of our cleaner to run tbe tube over the brush as far as 
possible, release tbe grip ou the tube .slightly so as to allow tbe tube to re- 
volve against the gloved hand, hold the palm of the gloved hand against the 
end of the tube for a second, then run the gloved hand along the sides of the 
tube to the open end of the tube, tighten the grip on the tube, pull the tube off 
the brush and drop it into a vat of running warm tap water. The glassware 
after being well rinsed in tlie running warm tap water is given several rins- 
ings in two vats of clean, distilled water. 

Under no consideration should tlie band be removed from a tube while it 
IS revolving on the hnisli! The power washer should be stopped by turning 
off the switch, and the liand removed from the tube only after the tube has 
stopped revolving. 

It has been onr experience that the breakage of glassware with the power 
washer is less than wlien the glassware was cleaned by hand with the usual 
test tube brushes. By actual timing, glassware can be cleaned in one-fourth 
tbe time wliicii was required for bnisliiiig by hand. The glassware is cleaned 
better, and is not fogged by the numerous repetitions of the cleaning process. 
Another economical feature is that the glassware does not have to be further 
cleaned by sulfuric acid-pota.ssium dichromate solution. 

SUMJIAEV 

An inexpensive power washer Is described which is far superior to the 
hand process for cleaning glassware. 

Brushes for cleaning the usual laboratory gla.ssware are described which 
are more economical and efficient than any heretofore obtained. 

Tliese innovations bring about great savings in time and materials. 
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COCCIDIOIDAL GEAITOLOMA, Arrested Pulraonary, Cox, A. J., and Smith, 0. E. Aicb. 

Path. 27; 717, 1039. 

Four cases of completely arrested coccidioidal gvaauloma of the lungs or of fte 
bronclual lynipli nodes in man arc reported. In none of these were the granulomatous iesioa.? 
a factor in the cause of death. 

Similar arrested lesions could be produced at will by injecting small numbers of splieniles 
of a virulent strain of the fungus coeeidioides intravenously into white rats or guinea pigs. 
The minimum fatal inoculum for rats inoculated in this way was approximately 10,000 
spherules. 

In nearly all the arrested experimental lesions organisms remained viable for periods 
u]> to two and a half years. In a human case organisms were cultured hfteen years after 
they had been first demonstrated. 

It is concluded that instances of arrested coccidioidal granuloma are more frequeol 
than has heretofore been realized, that they probably outnumber the fatal caps of this disea^s 
and that they are not restricted to the region of the San J'oaciuiii Valley, Calif. Thc^tc. 
tionship of arrested coccidioidal granuloma to the benign clinical disease known as rt 
fever ” is as yet unknown. Although the lesions present a histologic picture of iaactui p 
they may contain viable fungi for many years and constitute a possible somce of tl)s.effl 
tion. 


BLOOD: Total Differential and Absolute Leukocyte Counts and Sedimentation 
Determined for Healthy Persons Nineteen Years and Over, Osgood, B. E., 

I. E., Osgood, M. W., Ellis, D. M., and Cohen, W. Arch. Int. Med. 64: 10a, 

The proportion of lymphocytes is higher and the proportion of neutrophile lobo 
(polymorphonuclears) is lower than the textbook figures. The probable explanation 
retention, of erroneous figures in the textbooks is that these figures represent 
the usual counts of patients sick enough to be attending an outpatient clinic or to be 
ized, but who are not suffering from a generally recognized cause of marked leueoeyto^n- 
dangers of using such persons as normal subjects are obvious. 


In the age group 19 years and over, the leucocyte count ia lower, 


the neutropliik 


"s?'' ■*' ...V, • ' -fifrjtTCS 

eentage is higher, and tlie lymphocyte percentage is lower than the corresponding 
younger persons. It is of interest that the absolute number of neutrophile 
morphonuclears) averages 4,000 per c.mm. for all ages from 4 to 30 j'ear.s, e.vcept f®’’ 
group 8 to 14 years. 

The sedimentation rates form a skew curve, with the greatest number of 

falling in the lower ranges. It is probable that the rate of 15 mm. in forty-fi'« 

which includes SO per cent of the results, represents the strict upper limit of norma 

and that the higher rates are due to mild chronic infection in the tonsils, teeth, or 

not detectable in the rontinc physical examination. , , ,» 

■ f 1 or absolate 

There are no significant age or sex differences in the total, differentia , 
leucocj'te counts, or in the sedimentation rates in persons 19 to 30 years of age- 
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TISSUE: Differential Stain for Cell Types m the Pancreatic Islets, Gomori, G. Am. J. 

Path. 15: 497, 1939. 

Fixation: The tlucknoPS of pieces of tissue should not exceed 2 mm. in order to ensure 
rapid and complete penetration by the fixative. Aqueous fixatives, such as formalin, Bouin’s, 
Zenker’s, and Stieve’s solution, or Zenkcr-formalin, may be used. The best fixative proved 
to be a modified Bouiu’s solution in which half the amount of acetic acid is replaced by 
sulfosalicylic acid (formalin 1 part, saturated picric acid solution 4 to 5 parts, acetic and 
sulfosalicylie acid 2.5 per cent each). For use, dilute this fixative with equal parts of 
distilled water. The staininp of tissues fixed in any fluid can sometimes be greatly im- 
proved by refixing the sections before staining in the undiluted solution for twelve to 
twenty-four hours. The removal of mercury salts from lissuc‘« is done by the routine iodine 
method. 

Embedding: Embed tissues in paraflin. 

Ojidntjon; Doparaffinized (and refixed, If necessary^ sections are treated for one 
minute with a solution containing about 0.3 pci cent each of potassium permanganate and 
of sulfuric acid. Tlie sections are rinsed in water and tiien decolorized with a 1 to 5 per cent 
solution of potassium metaliisulfite. After decolorization the sections are thoroughly washed 
in water. TTithout oxidation the beta granules will not take the stain. For sections of 
pituitary, oxidation, though it uill enhance the color contrast, is not -trictly necessary. 

Staining: Stain in a wcll-ripcned solution of chromiam hematoxylin for from fifteen 
minutes to one hour under microscopic control. The beta granules sliould be a deep blue, and 
the cytoplasm of the alpha cells should be unstained. In the pituitary the basophiles should 
be a deep blue, and the oxyphiles unstained. Any mucoid material ix stained a deep blue. The 
staining solution is made up as follows: 

Jlix equal parts of a 1 per cent aqueous solution of hematoxylin and of a 5 per cent 
solution of chromium alum (potassium chromium sulfate). The brownish mixture is ripened 
by the addition of about 3.5 c.c. of a 5 per cent potassium dichromatc solution plus a few drops 
of sulfuric acid to each 100 c.c. of the mixture. The proco<x of ripening will take one or two 
days. The solution is ready for use as soon as it is a deep blue black with a purplish tinge. 
It should be filtered before us as a precipitate will form repeatedly on its surface. For some 
time the staining power and selectivity of the solution increase, but as the solution becomes 
older, the staining time has to bo prolonged. Solutions tiiat do not stain deeply enough in 
thirty-five to forty minutes are bettor discarded as they often do not stain with sufficient 
precision. 

After staining in this chromium hciiiatoxylin solution, rinse the sections in water and 
transfer to alcohol containing 1 per cent of hydrochloric acid. In this acid-alcohol solution the 
color of the section becomes a clearer blue. Rinse again and counterstain rather hoavilj with 
nny of the routine red or orange acid dyes. Pliloxinc and ponceau de xylidino have been found 
to be especially suitable. The latter is used in a 0.5 per cent solution with 1 per cent of 
acetic acid. Rinse in water and difTerentiatc in a 5 per cent solution of phosphotungstic acid 
until the acid dye is completely removed from the connective tissue. Only the strongly 
oxj’philic structures, such as ervthrocvtcs, muscle fibers, oxyphiles, and alpha cells, remain 
stained. Carry sections through graded alcohols, clear in xylol, and mount in balsam. 

TRICHINELLA SPIRALIS: Incidence of Infection in Man, Dogs and Oats in the New 

Orleans Area, Sawitz, W. Arch. Path. 28: 11, 1939. 

Examination of human diaphragms and pectoral mu'^cles obtained in 400 routine un- 
selected necropsies disclosed 24 cases of infection with T. spiralis in the New Oilcans area, 
an incidence of 6 per cent. The compressor method detected 2 cases; the digestion method, 
24. Of the 23 cases in which both the diaphragm and the pectoral muscle were available, the 
diaphragm was found infected in 20 cases, or 87 per cent, and the pectoral muscle in J13 cases,- • 
or 5G.5 per cent. Surveys in which diaphragms only were examined would thus nn^,afe-pef , 
oent of the cases. The average number of larvae of T. spiralis found in the ,dmphragm^as 
0.35 per gm.; the average number in the pectoral muscle, 0.22 per gm. Tlie diaphra^ h, 
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therefore, not only qualitatively but also quantitatively the better tissue for examination. No 
history of clinical symptoms of trichinosis was found in any of the 24 cases. With increasing 
age the incidence of trichinella infection increased. The highest incidence was found in 
Negro females (6.66 per cent) ; the lowest, in white females (5.8 per cent). 

The incidence of trichinella infections in 300 dogs in the New Orleans area was found 
to be 1.3 per cent ; the incidence in 90 cats rvas found to be 10 per cent. Tiie incidence in cats 
is considered to serve as an indicator of the endemicity of trichinella infection in an area, 

TUBERCUIjIN test, Evaluation of the Batch, Vollmer, H., and Goldherger, E. W. Am. 

J. Dis. Child. 57: 1272, 1939. 

A comparative study of the tuberculin patch test (Lederle-Vollmer) and the Afantoui 
test has been carried out on 678 children. 

Among 417 cluldren admitted to the wards of the Mount Sinai Hospital, the reliability 
of the tuberculin patch test, as compared with the Mantoux test performed with 0.1 mg. 
of old tuberculin, was 100 per cent. 

Two hundred and sixty-one tuberculous children of the Sea View Hospital showed 
100 per cent conformity between the tuberculin patch test and the Mantoux test with first 
strength solution of purified protein derivative, or 0.01 to 1 mg. of old tuberculin. Only 
one child with positive anergy failed to react to the patch test as well as to the Jlantour 
te.st with first strength purified protein derivative. This child reacted positively to the 
Mantoux test with second strength purified protein derivative. 

Consequently, it seems that the Mantoux test with 0.1 mg. of old tuberculin or lest, 
or with first strength solution of purified protein derivative, can safely' be replaced by the 
tuberculin patch test. The routine follows; 

1. The tuberculin patch test (Lederle) is applied and read two days after removal of 
the patches. 2. Negative reactors to the patch test are retested with the Mantoux test with 
1 mg. (0.1 c.c. of solution 1:100) of old tuberculin or second strength solution ( 0.005 mg.) of 
purified protein derivative. 3. Since higher concentrations of tuberculin occasionally cause 
pscudopositive reactions, both tests are repeated if there is any discrepancy. If the dis- 
crepancy' remains, the Mantoux reaction is regarded as the deciding one. 

This procedure is advocated for exact diagnosis in hospital wards. For general use 
in practice and for mass examinations the tuberculin patch test alone may' suffice. 

SUliFANILAMlDE, Cyanosis From Use of, Bigler, J". A., and Werner, M. Am. J. D'-. 

Child. 57: 1338, 1939. 

From the available accumulated data it is evident that the cause and the mecliani. 
of production of the cyanosis that so frequently' occurs during sulfanilamide therapy ^ 
still not clear. While in some instances spectroscopic examination of the blood has revea 
the presence of sulfhemoglobin and methemoglobin bands, in other instances it has 
negative results. The cy'anosis may' be present in tbe presence or absence of 
hemoglobin. When nonfunctional hemoglobin is present, it has some, but not all, c 
characteristics of methemoglobin. Further, the cyanosis does not seem to be dependen ^ 
the oxygen saturation of the arterial blood. Certainly', further studies of this pro 
are necessary for clarification. 

. Jj 

THYBOID GLAND, Histologic and Histochemical Structure of the Normal, Hertzler, 

Arch. Surg. 38: 417, 1939. 

A study of the thyroid glands of supposedly' normal persons presents confusing 
tions. Many show changes parallel with those found in goiters from patients 
heart, that is, cardiac disease which disappears after removal of the goiter. ^ o 
these studies of the nongoitrous gland lead surgeons to ash themselves certain 
What is the meaning of these changes in chemical reaction of the colloid in n 
normal tliyroids? No one knows, but it is known that these changes are found m go 
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from patients 'NN'ith “goitor hearts’^ and that in such n patient the heart recovers when 
the goiter is completely' removed. So much is incontrovertible. This well-demonstrated 
clinical fact causes one to consider that possibly' a degenerated thyroid gland, oven though 
it has not acquired goitrous dimensions, may injure the heart. If this is true, the presence 
of a “goiter heart" demands the removal of the thyroid gland wliether it is goitrous or 
not. First of all, one must recognize a “goiter heart" by clinical examination. It has 
been demonstrated to the author’s satisfaction that, in the absence of a palpable goiter, 
if “goiter heart" is present, the removal of the thyroid, enlarged or not, rids the patient 
of the cardiac disturbance. These observations must be multiplied a thousandfold. 

This presents tlic original question: How big must a thyroid gland be in order to 
become cardiotoxic? The corollary is, what changes in the thyroid gland must be present 
before it can be declared the cause of the cardiac symptoni.s? Thi.s is easily decided if one 
follows the aftercourse. If the patient recovers from the cardiac signs, one may conclude 
that the part removed wns the cause. Multiply siiph an observation by thousands and 
the conclusion is ns accurate as one can hope to achieve. The patient, collectively speaking, 
is always right. If anatomic study does not corroborate clinical experience, one must 
extend the laboratory study. The surgeon should remember that when he sends a goiter 
to the laboratory, he does so to secure, not a diagnosis, but ati opinion. 

This is the problem before surgeons today. Rince it is now known that total removal 
of the thyroid gland from the adult is a matter of indilTcrence to the patient, it becomes 
merely a question of operative technique. 

The tinctorial, as well as the histologic, study of the thvroid gland indicates the 
presence of certain changes which occur with advancing years These changes parallel 
to some extent those with “goiter heart." 

The physicians’ knowledge of the relation of the nongoitrou'< gland to diseases of the 
heart is at present represented by n large question mark, but even this may presage an 
advance in understanding of the relationship between the nongoitrous and the goitrous 
gland. 

The similarity of structure suggc.sts that the effect of the thyroid gland is a matter 
of function, not of size. One may determine the nature of this function by removing the 
gland and observing the results. 

anemia, Exogenous Pernicious, Alsted, G. Am. J. M. Sc. 197: 741, 1039. 

A case of pernicious anemia is reported in a man of 43. It is shown that the dovelop- 
aent of anemia was due to deficiency of “extrin.sic factor," continuous during seven to 
eight years. Treatment with “extrinsic factor" exclusively was followed by complete 
recovery and complete restoration of acid secretion in the stomach. The patient was con- 
trolled during seven months subsequent to the discontinuation of the specific treatment, and 
no relapse was observed. 

The case is conceived as a case of exogenous pernicious anemia. 

SYPHILITIC REAGIN, in Blood and Spinal Jluid. Wiener, A. S., and Derby, I. M. Arch. 

Dermat. & Syph. 39: 999, 1939. 

The concentrations of sj*philitic reagin in serum and spinal fluid were compared in a 
series of 1,245 pairs of specimens by a quantitative flocculation technique. It was found 
that, with the method used, titers as high as 500 were attained in the blood serum, whereas 
the titer of the spinal fluid never exceeded 16. Moreover, the amount of reagin in anj 
spinal fluid was practically always less than that of the corresponding serum. The bearing 
of these observations on the question of the site of origin of sj^philitic reagin in the spinal 
fluid of neurosnihilitic patients is discussed. 

StrLrANlLAMIDE, Observations Concerning the Absorption of, From the Large Intestine 

in Man, Turell, R., Marine, A. W. M., and Kerb, L. Brookljm Hosp. J. 1: 90, 1939. 

From the experiments reported, it is evident that in man sulfanilamide admiaistered by 
rectum in aqueous solution is absorbed from the large intestine and from the isolated rectum. 
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No changes were observed in tlie normal mucous membranes of the rectum and sigmoid 
following the introduction of sulfanilamide solution into the rectum. 

It has been shown that the concentration of sulfanilamide in the blood, after adminis- 
tration of the drug b}' rectum, is sufficiently liigb to recommend tins route of adminisfrafion 
when .sulfanilamide cannot be given by mouth. 


“WINDOW PATCH” TEST, Guild. B. T. Arch. Dermat. & Syph. 39; 807, 1939. 

A description is given of a technique of patch testing ■which the author calls the 
“windo-w” patch test. It is valuable for the following reasons: 

1. It makes possible the frequent applications of buffered solutions to the test site 
and thus may be used to stud}’ the influence of alkalinity or acidit}' on the development 
of reactions of sensitivity or irritability of the skin. 

2. It is useful for testing reactions of the skin to volatile substances, as repeated 
applications may be made beneath the glass window. 

3. It jrrovides constant visibility of the test site for both the patient and the 
physician; consequently, the development of serious reactions may be avoided. 

4. The test site may be exposed to light; therefore, the method should he valuable 
in studying certain dermatoses caused by substances, the cutaneous reactions to which may 
depend on exposure to light. 

The method follows; A microscope slide is cut with a glass cutter into three equal 
sections, each 1 inch (2.5 cm.) square, and the edges are well smoothed by means of an 
emery wlieel or a suitable file. A strip of adhesive plaster, % inch (1.9 cm.) wide and 
about 2(A inches (6.2 cm.) long, is applied to each of three sides of the glass square, seas 
to secure it to the skin and at the same time allow a portion of the glass to remain un- 
covered for the purpose of observation. The substance to be used in the test is then placed 
directly' on the skin and covered by the central clear portion of the glass square. The ends 
and free edges of the strips of adhesive tape are then stuck tightly’ to the skin. The device 
is commonly referred to in my' laboratory’ as the “open” patch, because the upper edge 
of the glass has been left free, making it possible to insert fluids beneath the glass. 


PNEUMONIA, VIRUS of Infants Secondary to Epidemic Infections, Goodpasture. E- 

Auerbach, S. H., Swanson, H. S., and Cotter, E. T. Am. J. Dis. Child. 57: 997, 1959. 

Five cases of a hitherto undescribed virus infection of the lungs of infants, especially 
following mea.sles and w’hooping cough, have been observed and recorded. 

The virus invasion usually appeared to be secondary' and tended to pave the way 
for bacterial infection of the lungs. 

The presence of the virus was indicated by’ the occurrence of nuclear inclusions m 
epithelial cells of the trachea and bronchi and their mucous glands, and of the aivco ar 
epithelium. Rapid necrosis of the affected cells occurred, resulting in ulceration of so 
faces. j 

The virus appeared to be different from that of herpes simplex and from the ageat o 
the so-called inclusion disease of infants. 

Experimental inoculation of infected lung tissue into rabbits, mice, opossums, chic'S 
embryos, and a Macaeus rhesus monkey, failed to establish the infection. 
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Rural Medicine' 

A mong the more popular “indoor sports’^ of tlic moment appears to he the preparation 
of (lata — statistical or otherwise— eoncemed with availability or nonavailability of 
medical carej it is somewhat unfortunate that some, at least, of tlicsc bear evidence of 
liaviiig sprung from bias or of having been conceived fiom preformed opinion. 

Alive to this problem and thoroughly familiar with rural environment, the staff of 
the Marj’ Imogenc Bassett Hospital at Cooperstown, New York, decided to analyze their 
own e.xperience and, for thj.s pur])ose, called a conforenee to consider tlie results obtained. 

The facts elicited are presented in thi.<s volume and are discussed by outstanding 
workers interested in this phase of medical practice. 

The volume is divided into four mam .sections represcjiting tlie subjects discus.sed 
at tlic four meetings: Rural Slorhidity; Health Department Programs and School Health 
Programs in Rural Areas; Postgiadualo Medical Education in Rural Aieas; and Economics 
of Rural Medicine. 

A bibliography of rural medicine concludes the book. 

This is perhaps one of the more important of the recent contributions to this field, 
If not, indeed, among the nio^t important, prineipalB, porlmps, because it sots out to prove 
nothing. The object was to find out the true state of alTmrs in a representative rural com* 
inunity and from thi.«, if possible, to draw such inferences and conclusions as were legiti- 
mate. The particular value of this study lies firi^t, in its factunl cliaracter and, second, 
in its broad approach. 

It is a voUinio which deserves careful reading for its stimulating effect and might 
well he studied by both the radical and the con<5ervativc in the ranks of the medical pro- 
fession, Tho sociogifit, economist, and all who arc busy m this matter may well read and 
study it with profit. 


Crystalline Enzymest 

TN THIS monogiapli tlie aullior presents tlic results of n senes of investigations on the 
I proteolytic enzymes nnd upon tlic isolation and cliemistry of bactcriopliage. Wlnle the 
latter lias not yet Uocn crystallized nor. indeed, yet shown to be definitely an enzy me, the 
results of experiments with it are similar to those obtained with enzymes and so presented 
with them. Six cliaptcrs are giren to the discussion of enzymes and the results obtained 
with them in crystallized form; the seventli chapter discusses bacteriophage. An appends 
gives tlic metliods used in full detail. There is n full bibliography nnd an index. 

Tliis book should be of great interest to the biochemist and physiologist. 


Advances in the Therapeutics of Antimony^; 

W ith the use of antimony taking on renewed rmportance in tlie treatment of a '’afiey 
of diseases of man and beast, this most e.xeellent resumo of tlic present status of the 
pharmacology- nnd tlierapeutics of antimony compound.s siiould be most welcome. As a 


-Rural Medicine. Proceedings of the Conre.cnec Hold at Cooperstown, New York. Cloth. 
^68 pages, $3.50. Charles C. Thomas, Springfield. HI. -r, t,xi „ ti 

tCrystalllne Enzymes, the Chcmistrj' of Pepsin. To’Psin and 
^orttirop, Jlember of Rockefeller Institute for Medical Research. Cloth, ltd pages, ngures. 
^a-OO. Columbia University pres.s New York. ,♦ -r. tt 

h? S?r.'^g|-p‘‘aU'-?0- dTaSrfmf SLS 

Thleme. Leipzig. 


221 





222 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


preface Dr. Philip jManson-Balir has -written most interestingly of the history of antimonv. 
The authors then discuss the clinical experience with antimony compounds in human and 
vcterinarj- medicine, citing in a very attractive and novel manner the world literature. Tlic 
synthesis of various preparations is discussed with proper bibliograpliic references. Tiien 
there arc some thirty pages devoted to tests in which antimony preparations were used 
on animals infected experiment. ally. The authors close with a thorough description of the 
pharmacology of antimony and with a discussion of some of the newer preparations avail- 
able. 

The reviewer feels that this is a book that should be read by all those interested in 
the theraiieutic application of antimony to infectious diseases and those interested in chemo- 
therapy. It is an excellent book. — H. B. Haag. 


Manual of Urology" 

'~pHE avowed purpose of this book is to present “the fundamentals of urology in such a 
way that they can be easily grasped by the student approaching this subject.” 

This second edition, extensively revised and rewritten, will without doubt maintain fhe 
reputation achieved b}' its predecessor, characterized a.s “the most compact and yet basically 
complete book on urology available.” 

Professor De Compte, in addition to being master of his subject, possesses the h.ippy 
knack of being able to present it in a clear-cut and assimilable manner. 

A good book for the physician as well as the student. 


Textbook of Medicinef 

'T'HIS, the fourth edition, of a well-known English reference text, has been thoroughly 
^ revised to include the advances made since the appearance of the preceding ediiios 
in 1926. 

Though necessarily in covering the whole field of medicine, the articles are of various 
lengths and in the main brief, they are nevertheless comprehensive and cover the subjects 
Systematically as well as concisely. 

A good “refresher” reference text. 


' Pye’s Surgical Handicraft^ 

S THE editor of this book says in his preface, when a medical book, and cspecia . 
a book concei-ned with so flexible a subject as surgery, retains its place for fifty 
years, it can be safely' assumed that it is a good book, a useful book, and one which may 
relied upon. 

The eleventh edition of this standard work worthily carries on the reputatioa a" 
tradition of its predecessors. 

The house surgeon and surgical intern, indeed the intern at large, will find this 
of inestimable value. The physician at large may well and profitably add it to Ids siic 
Working references. 

Altogether it is an excellent book, and in an emergency is well worth many time- 

price. 
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Peripheral Vascular Disease- 

'T'HE increasing popularity of the monograph is a logical aftermath of the constant and 
^ varied changes in the understanding both of disease in general and of diseases in par- 
ticular. For, devoted to a single subject, the monograph is free to discuss it comprehensively 
and even exhau&tingly. 

In this book Collcns and Wilensky have made a notable contribution to the study of 
peripheral vascular disease, a subject of great interest and increasing importance, not only 
to the specialist but also to the practitioner at large by whom the vast majority of such 
cases are first seen. 

The book has two main parts: the first, in the authors’ words, “devoted to anatomy, 
pathological physiology, symptoms, signs, methods of examination, diagnosis and differen- 
tial diagnosis of vascular disorders’* j the second, “a description, summary and evaluation 
of every known method of treatment, the application of the basic laws of physiology to 
treatment, tlie indications for the methods of treating each individual disease and the 
eventual prognosis.” These objectives arc fully attainctl m the book. 

This hook is not a theoretical, abstract, or sujicrscicntific discussion, but a clear, sane, 
and usable presentation based not only upon a thorough fannhanty with the pertinent litera- 
ture but also upon a comprehensive practical clinical experience. The book is well illustrated. 

It is a book useful to the specialist, but perhaps even more valuable to tJie pliysicmn 
in general, and ns such can be highly commended. 


The Harvey Lecturesf 

thirty-fourth of a series of lectures, delivered under the auspices of the Harvey 
Society of New York, contains the following addresses: Some Aspects of the Intermediary 
Metabolism of the Steroid Ilormonos (Guy F. Martian) ; The Significance of the Albumin 
Fraction of the Serum (Ashley Wecch) ; Heat Loss From the Human Body (Eugene F. 
DuBois) ; Proteins as Chemical Sub.stunccs and as Biological Components (E. J. Cohn); Ob- 
servations on the Pathology of Rickets (Edwards A. Parkj; Distribution of Enzymes in 
Tissue and Cells (K. Linderstijjm-Lang) ; Genic and Hormonal Factors in Some Biological 
Processes (C. H. Danforth) ; and Biological Oxidation and Vitamins (Albert Szent-Gyorgyi). 

The authors are all of international repute, and their lectures represent the outstanding 
advances in their respective fields. 


Sclerosing Therapy^: 

I^^UCH of the discussion of sclerosing therapy has arisen from failure to appreciate its 
limitations and contraindications as well as from attempts to utilize it without a thor- 
ough comprehension of its difficulties and niceties of technujue. 

In this book four of tbe outstanding exponents of this method di'scuss its applications, 
each in the particular field in which he has had extensive experience. 

The Injeciicn Treatment of llemi<t is fully expounded by A. F. Bratrud, assistant pro- 
fessor of Clinical Surgery and Director of Clinic for Ambulant Treatment of Hernia, 
University of Minnesota. George F. Hock, Associate Attending Urologist, St. Luke’s Hos- 


_ 'Peripheral Vascular Disease: Dlasnosis and Treatment. By William S. Collens, B.S., 
Ai.u.. Metabollst, Chief of Clinic for Peripheral Vascular Disease, Chief of Diabetic CIfnIc, 
Israel Zion Hospital, Brooklyn : and Nathan R. Wnensky. M.D., Assistant in Clinic for Peripheral 
Disease. Assistant in Diabetic Clinic. Israel Zion Hospital. Cloth, 243 pages, 77 
ifiustratlons, 3 color plates, $4.50. Charles C. Thomas. Sprlngfleld, 111. 


Harvey Lectures. 1938-1939. 
illlams & Wilkins Co.. Baltimore, Md. 


Series XXXIV. Cloth, 279 pages, illustrated. $4.00. 


tSclerosing Therapy. The Treatment of Varicose Veins. Hemorrhoids, Hernia and Hydro- 
Injection. Edited by Frank C. Yeomans. M.D.. P.A C.r ' • -• 

New York Polyclinic Medical School and 
mustratlons. $6.00. ■Williams & Welkins Co., Baltimore. Md. 


M.D., P.A C.S., Professor of P^octoIog^’ and At- 
School and Hospital. Cloth, 336 pages. 185 
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pital, Xew York, discusses The Injection Treatment of Hydrocele, while The Injection Treat- 
ment of Varicose Veins is covered by Harold .T. Shelley, Assistant Surgeon, St. Luke’s Hos- 
pital, Isew York, and The Injection Treatment of Hemorrhoids by P. 0. Yeomans. 

This book is e.vceptionally practical in its aspect and detailed and precise in its pres- 
entation. It is an excellent book for those interested in this subject. 


You Can’t Eat That- 

A GEYEEAL cook book for those with allergjn Part I describes allergy and the allergic 
type of reaction. The historical review of the early experimental work leading up to 
present-day clinical allergy is very well done, .somewhat in the de Kruifian manner. 

Part III, by far the largest section, contains recipes. These are not merely the wheat, 
egg, and milk avoidance recipes so familiar to those dealing with allergic persons. Instead, 
they cover the field of cookery for allergies in a comprehensive manner, stressing the need 
for tasty and palatable dishes to replace others which are usually so much regretted by those 
who must avoid them. 

The tliird section contains general information on foods. It has Tuft’s list of ingre- 
dients of nationally advertised food preparations, to which many' additions have been made. 

This volume should be of real service to those who must practice allergic dietary 
avoidances and who are fortunate enough to have someone in the kitchen willing to go to the 
trouble of trying new things. 


Recent Advances in Physiology! 

' I^HIS, the sixth edition of a justly popular review series, has been thoroughly revised to 
bring the text in line with the advances in this field. Among the entirely new additions 
are discussions of the physiology of bone, the Carrel-Lindbergh perfusion apparatus, prob- 
lems of carbohydrate metabolism, and cortical control of muscular movements. A useful 
book for those desiring a succinct but thorough review. 


Recent Advances in Hematologyi 

CO extensively revised as to be practically rewritten, with four additional color plates and 
^ sixteen a/lded text illustrations, this new edition of Piney will, without doubt, maintain 
and enhance the repute acliieved by its predecessors. 

An excellent, comprehensive, and authoritative review of an important subject. 


•You Can’t Eat That. 


A manual and recipe hook for tho.s_e who suffer Tir- 

3f.P-. 

109 illustrations. Sa 

^ tRecent Advances in Hematolog^^ "a, Pine>C iLD ” ChTB.r 
St 3Iar>’ s Hospital for omen and Children, London, Cloth, ed. 4. 312 pages, 34 Jiiu^ 

8 color plates, $5.00. P. BJakiston’s Son & Co., Ina, Philadelphia, Pa. 


mitdiy (and perhaps unconsciou.sly) from food allergy. By Helen ilorgan. Form 
alter C. Alvarez, of the Mayo Clinic. Harcourt. Brace and Co.. Hew York. 1939. 
xro -Advances in Phy.sio!ogy. By C. Los-att Evans. Revised b.v W. H.^rton, 

^i^i''crsity of London, University College. Cloth, cd. 6, 

-.no ... nn p BIaUiston'.s Son & Co., Philadelphia. Pa. physichn 
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phoi'us contents of the cerebrospinal fluid. Since it has been found^ that the 
enzymatic properties of the cerebrospinal fluid vary in different patliologic condi- 
tions of the central nervous system, studies vere also made of the trypsin, 
phosphatase, lipase, tributyrinase, esterase, amylase, and antitr>Tisin of the 
cerebrospinal fluid. The results of these studies are reported in this paper in the 
hope that they ivill add to the present knowledge of encephalography and offer 
a broader basis for the interpretation of the effects of that procedure. 

METHOD,? 

Specimens of cerebrospinal fluid were obtained from children in ivliom 
encephalography was indicated for diagnostic or prognostic purposes. The 
encephalographies were done by the open method, namely, the removal of small 
amounts of cerebrospinal fluid and the introduction of a lesser amount of air 
by means of a syringe.^ Avertin was used as an anesthetic. In all cases the 
fluid was withdrawn after an overnight fast, and the studies of the chemical 
constituents and of the enzymes were started within one or two hours. The fluids 
included in this study were clear and colorless to begin with and remained 
so until the end. Occasionally, the last portion of the fluid became slightly 
turbid, most likely due to the admixture of carbon dioxide from the in,ieetcd 
air, ^Ye did not include in this study any fluid that contained blood either 
grossly or microscopically. 

Sugar was determined by the method of Somogyi chlorides by the method 
of Van Slyke;® total protein by the method of Ayer, Dailey, and Fremont- 
Smith;' calcnmi by the Clark and Collip modification of the Kramer-Tisda 
method;® phosphorus by the method of Bodanslcj^® and nonprotein nitrogen 
the method of Koch and McMeekin.’® 

Phosphatase was determined by the method of Bodansky’^ except that - 
c.e. of fluid were used instead of 1 c.c. Trypsin and antitrypsin were deteiminc 
by a slight modification of the method of Anson and Mirsky;’* lipase, trim 
tyrinase, and esterase by the method of Crandall and Cherry;*^ amylase 
modification of the method of Boss and Shaw.” The details of the metliocs 
the determination of enzymatic activity, as well as a description of the im 
employed, are given elsewhere.® 

RESULTS 

We shall consider first eleven encephalographies in Avhich 
were made of the enzymatic activity of the fluids as Avell as of tlie sm 
chemical constituents. The various constituents Avill be taken up sepai ate y • 
results are tabulated in Table I. 

Sugar . — In 9 of the 11 cases the sugar content increased during 
of the encephalography. In one case it decreased, and in one ease no 
change® Avas observed. The aAmrage sugar content of the first poition 
Avas 53 mg. per cent ; that of the last portion studied Avas 61 mg. per een • 

•By ^'significant change” is meant h. change of .p . 

2 mg. per cent in tlie case of sugar, total protein, anti nonprotein m 

10 mg. per cent in the case of chlorides ; 

0.3 mg. per cent in the case of calcium ; 

0.2 mg. per cent in the case of phosphoi*us. 
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Total Protein. — In 7 of the 11 eases tlic total protein eontent of tlie fluid 
increased as cerebrospinal fluid was replaced by air. In one ease it decreased, 
and in 3 instances there was no significant change. The average protein content 
of the fluid obtained before injection of air was 16 mg. per cent; tliat of the 
fluid olitaincd after the injection of the maximum amount of air was 22 mg. 
per cent. 

Chlorides, — Tliere was no marked variation in tlic chloride eontent of the 
ecrehiuspinal fluid during encephalography. In 4 instances the chloride value 
decreased slightly; in 7 there was no significant change. The average value 
of the chloride content was 722 mg. per cent before injection of air; after injec- 
tion of air it was 716 mg. per cent. 

Calcium. — In 3 instances the calcium was higher in tlie last portion than in 
the first. In the other S there was no significant cliange. The average value of 
the first portion was n.l mg. per cent; that of the last portion was 5.4 mg. per 
cent. 

Phosphorus. — In 4 instances the phasphonis content of the fluid increased 
during the course of the encephalography. In 6 cases no significant changes were 
noted, and in one case the pliosphorus value decreased. Tlic average value of the 
first portion of fluid was 1.46 mg. per cent ; that of the last portion was 1.58 
tag. per cent. 

Cell Count. — The cellular content of the hast portion of fluid was greater 
than that of the first portion. 

Phosphata.se, — In 9 cases tlie phosphatase activity of the final portion of 
fluid was markedly higher than that of the fluid obtained before injection of 
air. In 5 of these cases the phosphatase activity increased progrcs.sively as the 
amount of injected air incrca.scd. In 2 imstanecs the phosphatase activitj’ de- 
creased slightly after injection of 20 c.c. of air. and then increased when 60 
c.c. of air had been injected. In one instance the activity rose sharply after 
injection of 40 c.c. of air, then dccrea.scd after in,]ecfion of another 20 c.c. In 
only one instance was the phosphata.se activity of the first portion of fluid greater 
than that of the subsequent portions. In this ease (ill. C.) the activity of the 
first portion of fluid was considerably higher than that normally found.^ 

Trpp.sin and Esterase. — No traces of these enzymes were found. This was 
to be expected in view of the fact that the fluids of this group were “normal” 
in the .sense that the cellular and chemical constituents were normal. We have 
shown elsewhere’ that such fluids rarel.v, if ever, have trypsin or esterase actir-ity. 

Lipa.se.' — ^Jjipa.se was either alxsent entirely, or present in small traces in 
of the H cases studied. In 2 cases (JI. C. and P. S.) lipolytic activity was 
present in the first portion of fluid, decreased in the intermediate portions, and 
returned to the original value in the last portion. Finally, in one instance 
(H. K. ) lipolytic activity was present in the first and second portions of fluid, 
but not in the last portion. In 10 instances, therefore, there were no significant 
differences in the lipolytic activity of the first and last portions of fluids; in one 
ca.se a decrease was found. 
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Tribntijrindsc. — Tribut^'riiiase was citliei* absent entirely, or present in small 
traces in 7 of the 11 cases studied. In 3 instances tributyrinase was present in 
all the portions of fluid studied. In 2 of these there was no significant difference 
in activity between the first and last portions; in the otlier case the last portion 
had greater activity tlian tlio first. In one case (H. K.) the early portions of 
fluid had no activity, while the final portion had a liigh tributyrinase value. In 
10 instancas, therefore, there was no significant difference between the first and 
last portions; in one ease the activity of the last portion was greater tlian that 
of the first portion. 

Amuldsc . — Amylase was absent completely, or present in small traces in 5 
cases; in 2 other cases amylase was pre.sent, but not changed during the course 
of the cnceplh'ilogrnphy. In 3 instances the aniylolytic activity of the last por- 
tion of fluid was less than that of the first portion, in one case it was greater 
than that of the first portion. Tlic changes, however, were small. 

AiitUr\jp>iin . — Antitrypsin was completely aliMUit in S cases In 2 instances 
small amounts were present in the fir.st portion ot fluid, luit not in the later 
portions. In one case a slight increase was noted in the last ixirtion of fluid. On 
the whole, tlie observed eliangcs were not significant 

The results obtained with the 11 fluids of this group can be summed up as 
follows; The .sugar, total jirotciii, and cellular contents of the fluids generally in- 
creased during tlio eour.so of encephalography. Tlie same was true of the phos- 
phatase activity. Occasional increases were found in the ealciiim and pho.sphorus 
contents of the fluids after di.splaecmcnt of eerciirospinal fluid by air. The 
chloride.s docrca-scd slightly in a few cases. Xo significant changes were ob- 
served in the other constituents .studied. 

Tn a severe case of hydrocephalus simultaneous lumbar and ventricular 
punctures were done. Ventricular fluid was tlien replaced by air, and studies 
were made of the portions of fluid removed after injection of 150, 250, and 350 
c.c. of air. 

Tiiere was no ajipreciable difference in the sugar contents of the five por- 
tions of fluid. Ciilorides were Iiigher in the lumhar fluid than in the ventricular 
fluid removed before introduction of air. However, after the injection of air, 
the chlorides rose. Total protein was also higher in the lumbar than in the 
ventricular fluid. After 250 c.c. of air had been injected, the protein content 
of the fluid rose, only to fall again on further injection of air. The calcium 
values of lumbar and ventricular were practically equal. After injection of 
150 C.C. of air the calcium value fell, then rose to the original level after 350 
c.c. of air had been injected. The phosphorus content of the ventricular fluid 
was slightly higher than that of the lumbar fluid and was not affected by 
the displacement of fluid by air (Table II). 

Phosphatase activity was Iiigher in the lumliar fluid than in the ven- 
tricular. It was not affected by injection of air. Trypsin and esterase were 
uot found in any of the fluid portions. A .small amount of antitrypsin was 
present (G units). In the la.st portion of fluid, obtained after S.-jO c.c. of air 
had been injected, the antitryptic power was 17 units. Lipase was present 



Table in 

SuoAK, Chloiiipeb, Nonpkotein Nitkookn, Total Nitrogen, and Calcicm in Enoei’IIalograpuy FLCiti 
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in varying amounts in all portions of the fluid, but the small quantitative 
changes observed rvere without significanee. Tributyrinase activity, unlike 
phosphatase, was greater in the ventricular fluid than in the lumbar fluid. It 
did not change significant^' on injection of air. Amylase was higher in the 
portion of ventricular fluid obtained before injection of air than in the lumbar 
fluid. It decreased somewhat on injection of air. 

In general, in this ventriculography the greatest contrasts were between 
the lumbar fluid and the portion of ventricular fluid obtained before the 
injection of air. The chemical compo.sition of the ventricular fluid was prac- 
tically unaffected b.v the injection of air. 

IVe consider next the re.sults obtained in a .scries of encephalographies in 
which the effect of displacement of cerebrospinal fluid by air on the sugar, 
chloride, nonprotein nitrogen, total protein, and ealcium eontents of the fluid 
were studied (Table III). 

TAni.n IV 


.qtni.MARV or JtE,SVLT.S 


CONSTITUENTS 

NO. or 
CASES 
STUDIED 

NO. or CASES 
iNcnrASE 
^VAS NOTED 1 
AFTER IN- 
JECTION or 1 
AIR 

NO. OF CASES 
DECREASE 
WAS NOTED 
AFTER IN- 

NO. OPCA.SES 
NO SIGNIF- 
ICANT 
f IlANOE 

A^TRAOE 
VALUE BE- 
rORE INJEC- 
TION OF .AIR 

AVERAGE 
VALUE AFTER 
INJECTION 

1 or AIR 



AIR 


i .MG. PER CENT 

Sugar 

33 

28 

o 

5 

1 50 

61 

Chloride? 

30 1 

4 1 

lii 

f>0 1 

717 

710 

Nonprotcin 

nitrogen 

2-1 

5 

1 

18 

I 17 

18 

Total protein 

10 

10 

3 i 

2 

20 

20 

Caleiam 

30 

3 

0 

12 

4.9 

5.2 

Phosphorus I 

11 

, 4 

1 

G 

1.42 

1.55 

Phosphatase 1 

11 

30 

1 1 

0 


— — 

Trypsin 

31 

0 

0 ' 

' 11 



1 

Antitrypsin 1 

11 

1 

2 1 

8 





Lipase 

11 

0 

1 

to 1 



Tributninasc 

11 

1 

0 

10 1 



1 

•tsterase 

11 1 

0 

0 






Amylase 

11 

1 



— 

L_ r _ 


Sugar . — ^In 19 of the 24 cases studied the sugar content of the fluid was 
increased after injection of air. In 4 cases there was no significant change; 
in one case it decreased. The average value before injection of air was 49 mg. 
per cent; after injection of air, it was Cl mg. per cent. 

Chlorides.- — In 4 out of 25 cases studied, the chlorides decreased ; in 4 cases 
they were increased, and in 17 cases there was no significant change. As a 
whole, neither the decrease nor the increase was very significant. The average 
value before injection of air was 716 mg. per cent; after injection of air it was 
still the same. 

^onprotein Nitrogen . — Of 24 cases in which the nonprotein nitrogen con- 
tent was determined before and after the injection of air, no significant change 
was found in 18. In one instance the value decreased; in 5 it increased. The 
average value before injection of air was 17 mg.; after injection it was 18 mg. 
per cent. 
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Total Protein . — In the 5 eases studied for the protein content, the total 
protein was increased in 3 and decreased in 2. The average before injection 
of air was 28 ; after injection of air it was 28 mg. per cent. 

Calcium . — In 3 eases the calcium content increased slightly on injection 
of air ; in the other 2, no significant change was noted. The average calcium 
values of the fir.st and last portions of fluid were 4.5 and 4.7 mg. per cent, 
rcs])ectivel3^ 

Cells . — The cellular content of the last portion of fluid was greater than 
that of the first portion. 

The resirlts of the entire studj’^ are summarized in Table W. In general, 
sugar, total protein, and phosphatase, as well as cellular content, rose during 
the course of eireephalography. Calcium and pliosphorus showed a slight 
tendency to rise. Nonprotein nitrogen, chlorides, antitrypsin, trypsin, lipase, 
tributyrinase, amylase, and esterase did not change significantly when cerehro- 
spinal fluid was displaced by air. 


DISCUSSION 

What is the cause of the changes observed? There are two possible explnna- 
tions for the rise in the sugar content of the fluid. One is in terms of the difler- 
ence in location of the fluid making up the various portions withdrawn duriii? 
cnceplialography. The first portion of fluid removed is lumbar fluid. Since if 
is known that the sugar content of cisternal fluid is slightly greater'^' and fi)at 
of the ventricular fluid considerably gi'eater''”' than that of lumbar fluid, it fol- 
lows that the higher sugar content of fluid obtained after injection of air niaj 
he due in part to its being ventricular fluid. However, this explanation is not 
satisfactory for the other chemical changes observed during encophalograpliy 
Ordinary cisternal or ventricular fluid is generally lower in cellular and protein 
contents than lumbar fluid.'®’ " This is not the case in encephalography wlicrc 
the latter portions of fluid contain more cells and protein than the first portion. 
A second explanation for the increase in sugar is in terms of the hypergl} oennn 
which has been found in many cases of encephalography.'®'^® Such h>pcr 
glycemia, either alone or in conjunction witli the increased meningeal perinea 
bility associated with an aseptic meningeal reaction,-' would tend to incica?e 
the cerebrospinal fluid sugar. 


The increa.se in cells and protein may also be due to an aseptic 


meningeal 


reaction caused by the presence of air in the ventricles and subaraclinoid space- 
Tliis hypothesis is supported by the fact that in aseptic meningitis 
experimentally by intraspinal insufflation of air,-- a marked pleocytosis 
together with an increase in total protein. On the other hand, fiiser 
Planque.s-® have found increased cellular and protein contents during the con 
of continued simple spinal drainage. This seems to indicate that the eie 
changes in the cerebrospinal fluid during encephalography are due in paitto 
pre.sence of air and in part to the readjirstment of the cerebrospinal sisfcm 
lo.ss of fluids. 

The importance of an aseptic meningeal reaction is further indicated h 
tendency of calcium to rise during encephalography. In view of the 'cr.' 
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calcium content ol‘ brain tissue"* and the increased calcium content of tlie cerebro- 
spinal fluid often found in meningitis,== the most likely source of calcium increase 
during cneeplialography is increased meningeal permeability. In tliose instances 
where the calcium values rose considerably during the procedure the total protein 
content also rose sharply (see Table I: R. P., H. K.; Table III: M, B., S. S.). 
The combination of increased calcium and total protein may be an indication 
of meningeal or cliorioidal irritation. In some cases, calcium, sugar, and total 
protein were hardly affected during encephalography, Tliis may point to a 
very slight meningeal reaction. However, in a few cases tlie sugar content re- 
mained practically constant while a marked cellular reaction took place (see 
Tabic III: A. S., jM. S.. AV. A., and S. xV,). L'nfortunately, studies of the cal- 
cium and total protein contents were not made in tliesc instances. The subject 
of an aseptic meningeal reaction in cneophalograpli}' requires further investiga- 
tion, altlioiigh at present it seems to lie the simplest hypotliesis which can be 
offered for tlie cJiemieal changes in the cerebrospinal fluid during encephalog- 
raphy. 

Probably the most interesting finding reported in tlic present paper is the 
phosphatase activity of tlie fluid, which seemed to parallel tlie amount of cerebro- 
spinal fluid removed. Since the blood has considerable pliosphatase activity, 
it seems possible that some phosphatase may enter tlie cerebrospinal fluid be- 
cause of the increased meningeal pcrmcabdity caused b\’ irritation of the 
meninges and chorioid plexus. It is diflieult to explain, however, why other 
enzymes, such a.s lipase, tribut.^^•inase, and amylase, as well as antitrypsin, would 
not also enter the cerebrospinal fluid. It would be necessary to hj^iothesize 
different barrier permeabilitie.s for tlie different enzymes Tlicre arc at present no 
adequate cxperimontal data on which to base sucli an liypotliesis. We have 
found®'’ that in infectious meningitis some enzymes probably do cross the 
meningeal barrier, but no quantitative relationships liave been found between 
the degree of involvement of tlie meninges and the degree of permeability of 
the meninges to enzymes. 

Another possibility is that phosphatase from lirain tissue reaches the sub- 
arachnoid space via the periva.seular spaces in the course of the adjustment of 
the cerebrospinal fluid to the presence of air. 

Tlie importance of effects, sncli as those discussed above, is perhaps more 
strongly indicated by recent work on simple and forced drainage of cerebrospinal 
fluid. Kubie and Retan-®*^- liave .studied at great lengtli the physiologic and 
clinical cffect.s of spinal drainage coincident with the intravenous injection of 
hypotonic saline. They often found an increase in the cell count of the fluid 
during forced drainage, and are of the opinion that this is due to drainage of 
the perivascular channels. Retan has used “forced perivascular drainage” in 
the treatment of diseases of the central nervous system, such as meningitis, 
encephalitis, poliomyelitis, syphilis, and chorea. Fay’*’’ has suggested that the 
beneficial results obtained by Kubie and Retan were due to the increased blood 
volume of the brain caused by removal of cerebrospinal fluid, rather than to 
perivascular drainage. He considered that encephalography produces a forced 
drainage in that all the cerebrospinal fluid may be readjusted when an appro- 
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priate amount of air has been introduced to take its place. This possibility is 
supported by the work of Riser and Planques,--* who found, in an experimental 
study of simple and forced drainage in dogs, that the number of cells and the 
protein content of the fluid increased Avithout change in the chlorides duriae 
the course of drainage. Histologic examination of the brain and spinal cord of 
the dogs showed a mild Ijnnphocytosis in the arachnoid meshes, but no active 
cellular proliferation in the perivascular spaces of the brain and spinal cord. 
Riser and Planques concluded that the increases in Ijnnphocytes and protein are 
merel 3 ^ reactions of the chorioid plexus and meningeal v'essels, and do not in- 
dicate drainage of the neural parenchyma itself. 

Since the changes obsei'ved during encephalography, simple drainage, and 
forced drainage are similar with respect to those constituents of the cerelirospina! 
fluid which have been studied, it seems reasonable to assume that the three 
processes have some factor in common. This factor maj’' be tlie adjustment of 
the cerebrospinal fluid to changes in inti'acranial lij’drodynamies caused by the 
removal of cerebrospinal fluid. In encephalography the adjustment may he 
complicated liy an aseptic meningeal reaction due to the presence of air. In 
forced drainage the intravenous injection of hypotonic saline may be a com- 
plicating factor, but this is not borne out bj' the chemical studies which liave so 
far been made. Further experimental studies on forced drainage, emphasizing 
possible changes in the enz 3 TOatic activit 3 ’', calcium, and phosphorus, may aid in 
tiie solution of this problem. 

CONCLUSIONS 

1. The chemical coustituents of the cerebrospinal fluid were studied during 
the course of encephalograpli 3 L The constituents investigated were sugar, 
chlorides, nonproteiu nitrogen, total protein, calcium, phosplionis, plio.spliatase, 
lipase, tributyrinase, esterase, amylase, and antitrypsin. 

2. The phosphatase, sugar, and total protein contents of the cerebrospinal 
fluid are increased after injection of air into the spine and ventricles. 

3. Calcium and phosphorus increased in some cases, but less generally than 
phosphatase, sugar, and total protein. 

4. Chlorides, nonprotein nitrogen, lipase, tribnt 3 'rinase, esterase, aravlasc, 
and antitiypsin underwent no consistent significant changes. 

5. The changes observed are most probabl 3 '^ due to an aseptic meningca 
reaction caused b 3 ' the presence of air in the ventricles and subarachnoid spacc-s. 
Similar changes, however, have been reported during simple and forced dramacO 
of cerebrospinal fluid. 

6. The increase in sugar content ma 3 ' also be due in part to the fact that m 
later portions of encephalograply' fluid are ventricular rather than lumbai or 
cisternal. 
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HEAT LABILE FACTORS NECESSARY FOR THE PROPER GROWTH 
AND DEVELOPMENT OP CATS^ 


F. M. PoTTENGER, Jr., IM.D., and D. G. SmoNSEN, Ph.D., Monrovia, Calif, 


' i "* HIS report covers a three-year study of tlie effect of raw and cooked foods 
upon cats. Tlie mother cats were placed on special foods four to six months 
before breeding. The diet of cats given raw food consisted of raw meat and 
diy feed raw milk ; the diet of eats given cooked food consisted of cooked meat 
and dry feed raiv milk. Other studies have shown that the properties of dry 
feed raw milk are similar to those of pasteurized milk. Both gi'oups were given 
a liberal amount of cod-liver oil to insure an adequate supply of vitamins A and 
D. The .studj' deals chiefly with the offspring produced from these mother 
cats. 

All of the eats used in this experiment were kept in large outdoor pens. 
The sides and tops of the pens were screened with chicken wire only, so that 
the eats liad the benefit of all the sunshine available. Each pen was divided 
into two portions — a yard 4 feet wide and 12 feet long, with a 7 foot eeilingi 
a roofed section 6 feet square with a 6 foot ceiling, a wooden floor and bedding. 
The floor of tlie pen was liare earth covered with fine sand. 

During this three-year period, 63 living kittens were born of parents fed raw 
food, with an average weight of 119 gm. at birth, and 47 kittens were born of par- 
ents fed cooked food, with an average weight of 100 gm. There vvere 4 dead kittens 
born in the raw-food group and 16 in the cooked-food group. An example of tlie 
effect of the diet of the mother upon the birth weight of the offspring is the follon- 
ing: Cat H. F. fed a cooked-food diet produced a litter of 4 kittens, whose 
average weight was 77 gm. She was then placed on a raw-food diet, and he: 
litter for the next year consisted of 5 kittens, with an average birth weight of 
116 gm., while the following year (still on a raw-food diet) the litter consiste 
of 3 kittens, with, an average weight of 137 gm. Tlie opposite result maj he 
produced by taking a mother cat who has been on raw food and placing hei on 
cooked food. 

Cat D given a cooked-food diet produced a litter of 5 kittens, with an 
average weiglit of 105 gm., and the following year her litter consisted of 
kittens, with an average iveight of 91 gm. 

If the mother cat is kept on cooked food for more than two yeais, siio 
usually dies during delivery. 

The cats fed cooked food occasionally produce a premature or fuH-toi™ 
litter of stillborn kittens. In sev’eral instances mother cats on a cooked-foo 
diet died during delivery. One cat Avas unable to deliver her kittens cvw 
though in labor for seventy-two hoiu-s. Delivery complications such as these 
have not been found in tlie case of cabs placed on a raw-food diet. 

•Front the Research Department, Pottenger Sanatorium. Monrovia. 

Received for publication. March 29, 1939. 


238 



POTTENGER-SIMONSEN : HEAT LABILE FACTORS IN’ GROWTH OF CATS 239 


Tlie cats fed cooked food were smaller in build; thougli the bones of their 
legs were smaller in diameter, they were frequently longer and their fur develop- 
ment was much poorer than that of the cats fed raw' foods. IMuscle tone and 
visceral development of cats fed raw meat was much greater than that of cats 
fed cooked meat. Disturbance in the genital development and descent of the 
testes was common in male kittens of mother cats on cooked food. Cats on 
cooked-food diet were of a much more nervous disposition than cats on raw'-food 
diet; they paced the pens, they w'cro not very friendly, and they were often quite 
vicious. 

One of the first defects noticed in the cats fed cooked food was poor dental 
development. TIic temporary teeth of botli tlie eat.s fed cooked foods and those 
fed raAv foods seemed well developed. However, when the permanent 
incisors displaced the temporary ones, the cats on the cooked-food diet usually 
developed three or four irregularly si)accd, uneven, crow'ded incisors instead 
of the usual six. Tliis was true of lioth the upper and lower jaws. Although 
a few of the eats on the raw-food diet had this same condition, it occurred from 
three to four times as often in the cats on the cooked-food diet as in tliose on 
raw food. This condition became even nioi'C pronounced in the second and 
third generation of cats on the eooked-food regime 

The femurs of these animals were removed, and the entire bone analyzed 
for its calcium and pliosphorus content. The kittens of both the mother cats 
who had been fed raw food and those who had been fed cooked food had ap- 
proximately the same amount of calcium and phosphorus at birth ; quite often 
this ivas within 2 or 3 per cent of that found in the femur of the mother eat. 
After the first two "weeks a marked depletion of the calcium and phosphorus of 
the bone occurred. Tliis no doubt corresponds with the period of greatest 
growth. Two months later the bones of tlio kittens on the raw’-food ration 
were gradually approaching normal in respect to these salts while those of the 
kittens on the cooked-meat ration still lagged behind. This effect was still moie 
pronounced in the second and third generations; that is, the bones of second and 
third generation kittens given cooked food, even after tliey reached adult life, 
were markedly deficient in calcium and phosphorus content. Corresponding 
litters of kittens fed raw food had from two to three times as much cabium and 
phosphorus in their bones. If the first, second, and third generations were 
l^ept on a eooked-food diet, the third generation kittens were in such poor condi- 
tion that they lived at the longest only two months. We were unable to carry 
our experiments beyond the third generation on the cooked-food diet, because 
uo cats survived beyond that time. 

Oin* experience has been that once a deficiency is produced in kittens it 
cannot be reversed even under intense therapy. A well-developed cat can be 
maintained in a healthy state on deficient diets if thyroid and adrenal hormones 
are added to the dietary. A deficient kitten, however, even if given raw food, 
thyroid and adrenal hormones, insofar as vre have seen, does not become a 
normal eat. 

If a mother eat has been on a cooked-food diet from twelve to eighteen 
months, it takes at least three years on a raw'-food diet before her kittens begin 
lo approach normal. 



240 


THE JOURNAL OP LABORATORY AND CUNICAL MEDICINE 


Upon the death of the eats a complete post-mortem examination was made. 
A study of microscopic sections of the lungs of second and third generation cats 
showed that cooked food was responsible for the production of certain respira- 
tory conditions. The lungs of these cats showed hyperemia, some edema, and 
partial atelectasis, while those most deficient showed bronchitis and pneumonitis. 
The kittens fed raw food had normal lungs, although occasionally a cat ivas 
found whose lungs showed a mild hyperemia. 

Five of the cats given cooked food showed suppurative inflammation of tlie 
thigh. Smears of the pus showed the presence of streptococci and staphylococci. 
The femurs were fragile and showed marked osteoporosis, with marked thinning 
of the cortex. In 2 of these 5 eats the bone had been partially eaten away and 
only chips and fragments remained. 

In several cases we found a hypothyroid condition among the cats fed 
cooked food. The thyroids showed scanty colloid, and the acini were small. This 
was not observed in the thyroids of eats given raw food. 

The ovaries of the cats fed cooked food showed, as a rule, only a few 
developing follicles and primordial ova, while those cats fed raw food showed 
active oogenesis with normal and large numbers of developing follicles. In 
males the testes of the cats fed cooked food showed a lessened number of spenna- 
tozoa and many of them showed an absence of spermatozoa but with active 
spermatogonia. Cats fed raw food showed active spermatogenesis. 


STUDIES IN BLOOD PRESERVATION*' 


Pate op Cellular Elements in Relation to Potassiuji Diffusion 


Charles R. Drew, M.D., Katharine Bdsall, and John Scudder, M-D-; 

New York, N. Y. 


TN A PREVIOUS publication^ ive I’eported a tenfold rise in plasma pofassiiiw 
* of preserved blood. This was not due to bacterial contamination. It 
creased bj" trauma, such as shaking, and was definitelj^' modified by the area 
the interface between the sedimented cells and the overlying plasma. 

The question was raised as to whether this increase in plasma potassiu® 
was a pure diffusion process or wliether it was due to actual cell clestniction- 
This aspect of the problem is reported here. 


method 


each 
as an 


Five cubic centimeters of freely flowing venous blood were collected m 
of 35 sterile round-bottomed test tubes containing 5.0 rag. of hepaim < 

‘From Sursical Patholosj- Laboraton- of the College of 
Columbia Lniveisity, .and the Oepartraenta of Surgery and Medicine, Presbjtena. 
Neir York- 

This study was made possible by a grant from the Blood Transfusion Betters 
elation. New York. 

Hcccivcd for publication, April l, 1339, 
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anticoagulant. After inverting each tube three times, they were plugged with 
cotton and kept in a refrigerator at approximately 4° C. throughout the period 
of the experiment. 

Each day one tube was taken from the refrigerator, and centrifuged for 
one hour. After 0.5 e.c. of plasma had been removed for potassium analysis,^ 
and after the blood had been thoroughly mixed by inverting the tube fifteen 
times, the following determinations were made; 

(1) Eed cell count. 

(2) Hemoglobin (Hellige). 

(3) IVhite cell count. 

(4) Differential white cell coimt. 

(5) Platelet count. 

(6) Mean cell diameter of red blood cells (Ilalometer method). 

RESULTS 

The donor, A. J., was a professional man of International Group 0, 


Vrkoi^sBlooii 

AT START OF AT SXD OF PJILEBOT- 



piiledotomy 

o.^tY (5D0 c.( 



cells 

Hematocrit 

•10.0 

44.7 

per 

cent 

Plasma specific gravity 

1.0280 

1.02CC 



cent 

Plasma proteins 

7.38 

6.70 

gm. 

per 

"Whole blood potassium 

212.0 


mg. 

per 

cent 

Plasma potassium 

21.5 


mg. 

per 

cent 

Cell potassium (calculated) 
pH 

434.0 

7.51 

mg. 

per 

cent 

Values on 

Ixitiai* 5.0 c. 

.c. Sample* 




Red blood cell count 


0.500,000.0 



cent 

Hemoglobin 


14.2 

gm. 

per 

White blood count 


7,000.0 




Differential white cell count 


52.0 


cent 


Pobmiorphonuclenr leucocytc.«i 


per 


Eosinophilic leucocj’tes 


2.0 

per 

cent 


Basophilic leucocyte.s 


1.0 

per 

cent 


Lymphocytes 


42.0 

per 

cent 


Monocytes 


3.0 

per 

cent 


Platelets 


140,000.0 




Mean cell diameter 


7.4 




Plasma potassium 


20.0 

mg. 

per 

cent 


The results arc graphically represented in Charts 1 to 4. 


•Corrected for 0.5 c.c. plasma removed. 

DISCUSSION 

Red Blood Cells . — The maintenance of the red blood cell counts at approxi- 
niately a constant level over a period of a month suggests that, in the steady in- 
crease of the potassium content of the plasma, cell destruction plays at most only 
a small part. 

Duran Jorda and his co-workers® reported there was a loss of 1,500,000 
erythrocytes over a period of sixteen to twenty days in blood conserved in 
citrate. They suggested the stroma of these destroyed cells might play a part 
in some of the slight posttransfusion reactions. AVe have not found changes as 
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RATE OF POTASSIUM DIFFUSION IN HEPARINIZED BLOOD 



CHANGES 


IN HEPARINIZED BLOOD 



, third. Red cell counts varied between 

bemB o.suu.OOO. No actual loss in number of red blood cells. 


30 35 

G, 200, 000 and 4.800,000, R"- 

TliC 

^^iddlc third. Hemoglobin values varied between 14.2 and 17.6 gm. *^5^nf{nhin 
flowing for plight concentration due to evaporation, represents a constant bem S uniount* 
^10 drop after the fifteenth day may be accounted for by the gradually jncrca. S 
ncmogroDin removed in the plasma taken for potassium determinations. r.r. 

, ... There was a gradual decrease in the size of the red bloo 

initial 1.6 microns to a final 5.8 microns as the cells lost both hemoglobin and p 
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great ns tliey report. Tlio fact that all of our tulios were centrifuged for an 
hour before each count may play some iiart in this discrepancy. 

Ymlind from Itussia, has reported that there is no los.s in ability of cells 
so stored to carry oxygen, hence the chief hiological function of the red blood 
cells seems unimpaired. 

Ilcmoylohin , — The hemoglobin eoiitent remains constant. This confirms 
the findings of i)revious writers. The work of Amberson" has indicated that 
the part of the hemoglobin which escapes from the cells to give the usual pic- 
ture of hcmol.vsis is still capable of functioning normally. 


CELLULAS CHAW6ES IN HEPARINIZED BLOOD 



tho— Uiird. The polymorphonuclear leucocyte.s showed e.yliest and most rapid changes : 

r nuclei soon losing shape and disintegrating. Range. S.IIOO to It cells, 
the.r ■'I"’"'' "‘'ra. Ljmphocytcs and monocytes disappeared at a slower rate and retained 
®liape. size, and staining better than the leucocytes, being quite dIsUnct when found on 
'^hy. Basophilic and eosinophilic cells, while too few to be charted retained 
Ifflr ®ltape. size, and .staining qualities. The latter were least changed and veri distinct on 
■he thirtictli day. Range. 3,100 to 65t cells. 


l^ohiiiic Index and Diameter of Red Blood Cells— The volume index of the 
cells decreases in successive specimens. There is a diminution in white blood 
cells, but the greater part of the decrease seems due to the diminution of the 
size of the red blood cells. At the end of thirty days these cells may lose as 
much as 25 per cent of their chief ba.se, 20 per cent of their hemoglobin, and 
decrease 20 per cent in diameter. Ponder” has shown that red blood cells do not 
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always act as perfect osmometers, a fact which he attributes to the possible loss 
of their salt content. 

WJiite Blood Cells . — The total white blood cell count rapidly diminishes 
with the poljnnorphonuclear leucocytes disintegrating most rapidly. The re- 
ported loss of half of the complement of the blood by the sixth or seventh day, 
and complete destruction in fifteen to twenty days, may be associated with this 
loss of leucocytes.^ 

The Ijunphocytes are more resistant. At the end of thirty days they are 
easily recognizable when found, but there are so few that counts are uncertain. 
This holds true, likeivise, for monocytes. 

The eosinophiles appear most resistant. The nucleus breaks up late and the 
granules remain unusuallj’^ well defined. 

Duran Jordii^ has reported similar findings. 


THROMBOCYTES IN HEPARINIZED BLOOD 



Thromhocytes . — The platelets in the initial venous blood sample mini erc^ 
140,000. These rapidly diminished in the first three days and remained at a )oi> 
30,000 for fifteen days. Centrifugation may have some part in these counts 
This suggests, however, that syndromes presenting thrombocytopenia I'Oi’ 


not be benefited by blood which had been stored too long. •■ad 

Potassium . — The rate of potassium loss from the cells in the jj^. 
test tubes is of the same order as that found in the flasks from which 3^-^ 
samples were taken. The potassium content of white lilood cells (those ° 
from the huffy coat in case of Ijunphatic leucemia) is greater than the re 
cells. In normal blood their relative number is insignificant. 
early rapid destruction may account in part for the steep slope of the e 
during the first few days. 


SACCONE-MENDELOFF : GLOMUS TUJIOR OF ARM 


245 


CONCLUSIONS 

1. In heparinized preserved blood there is little or no actual loss in the 
number of red blood cells over a period of thirty days. 

2. The hemoglobin content remains constant in the total sample, though 15 
to 25 per cent may be found in the plasma. 

3. The mean cell diameter of the red blood cells is reduced approximately 
20 per cent in thirty days. 

4. The polymorphonuclear leucoc 3 des are diminished bj’ 50 per cent in 
fortj'-eight hours and are amorphous masses in fifteen days. 

5. The lymphocytes, monocj’tes, and eosinophiles do not disintegrate so 
rapidly, the latter are particularlj’ well preserved. 

6. The thromboej'tcs rapidly fall to a low level, then remain constant at 
about 30,000 for about fifteen days. 

7. Potassium in the plasma of heparinized blood readies a level ten times 
normal in tliirty days. 
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GLOIMUS TUJIOR OF ARM'' 


Andrea Saccoxe, M.D., and Joseph jMnxDEiiOFF, M.D., New York, N. Y. 


'"PO DATE 106 cases of glomus tumor have been reported in the literature. It 
is our purpose to add a case in which the tumor occurred at the site of a 
pre-existent “blue birthmark” and whose onset showed a suggestive relation- 
ship to trauma. 

The present concept of the glomus is based upon the work of Suequet, 
Hoyer, Grosser, Schumacher, Masson, Clara, Popoff, and others. A glomus 
unit includes the following components: (a) an afferent artery, (b) Sucquet- 
Hoyer eanal, (c) neuroretieular and vascular structure around the Sucquet- 
Hoyer canal, (d) an outer lamellated collagenous tissue, and (e) a primary 
collecting vein. This unit comprises the arteriovenous anastomosis. 

The most constant sites of the normal glomus are in the handS'an’4.feet. 
Here th ey may be found in the ventral surfaces of the hands and feet, in the 

•From the Department of Pathology', Metropolitan Hospital. New York., , 
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region of the nail beds, in the tips of the digits, in the palmar surfaces of the 
first, second, and third phalanges, and in the thenar and hypothenar eminences 
of the hand, and in the sole near the heel. Investigation has also disclosed them 
to be present vithin the bones of the terminal phalanges, the skin, lips, nose, 
eyelids, tip of tongue, tendons, gums, pia mater, dura, iris, ciliary bodies and 
endocardium. These glomic units are found in a definite zone of the coriuni, 
just below the web of subpapillarj' arteries and veins. 

Popoff was unable to find them in fetuses aged 41/2 months to term. Tiieir 
development occurred during the first two months of postnatal life. He also 
demonstrated that over the age of 60 there is a diminution in the number of 
Sucquet-Hoyer canals per square centimeter. This decrease is progressive ivifli 
increasing age. They are absent in supernumerary digits. Grosser was uiiaWe 
to find them in reptiles, but he did find them in many mammals. 

The ascribed function of the glomus bod.y is to contribute to the control of 
the temperature-regulating mechanism of the body and to coordinate with the 
mechanism of peripheral vascular pressure control. When there is exposure to 
cold, the glomic S 3 'stem maintains and even raises local temperature. This is 
accomplished by diverting blood from the capillaries into collecting veins which 
have a highlj* developed surface area. When the glomic s.vstem is fully openwi, 
it aids the dispersal of heat bj’’ allowing an enormous floiv of blood to pas' 
through the digits. When closed, it reduces the dispersal of heat. Witli an 
elevation of peripheral pressure it is capable of diverting arterial blood and 
therebv’ relieving the arterial sj'stem of a part of its burden. The absence of 
the glomic system during fetal life and its somewhat tardj^ development post- 
natally may be contributorj’- to poor control of bodj^ temperature in premafuw 
infants and some newborns. 

The most common aberration reported clinicallj'^ is tumor formation. -Is 
such it occurs in sites where glomic bodies are normally found, the extrenutiC' 
being the most common sites. Although it is usuallj’' a single tumor, tvo cases 
of multiple tumors have been described bj^ Bergstrand. Eadasch found onr 
other reports of multiple tumors. The age occurrence is between 20 to 80. 
ease has been reported in a child of 6. The shortest duration of all the tiiniers 
was six weeks, the longest was 37 jears. Subungual glomal tumors n.s«a } 
were noted at an average age of 25. Tumors at other sites were noted a a 
average age of 41. The outstanding clinical sjunptom was pain, interniiftcn 
or constant. Weidman and Wise have, hoivever, reported a case in v hid ' 
found multiple “glomic tumors” which were painless. Histologicall.' t'c'^ 
case showed chieflv' cavernous dilatation and no nerve involvement. ' 
considered their tumors to be a microscopic varicosity of a glomus ratliei 
a true tumor. 

IHost of the tumors revealed no clinical evidence of anj' etiologie ^ 
Several observers ivere able to elicit a suggestive relationship to trauma. > 
reported finding two such cases. Jirka and Scuderi elicited a histori o 
Our case gives a hi.stoiy of trauma. 

The glomal tumor has been accredited benign, and to date no 
occurring at one of the usual sites has been reported otherwise. Sfou , 
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ing a series of 11 cases, noted a recurrence at tlie original site eight j-ears after 
removal. Recently, Kirshman and Teitelman. reporting a fatal metasta-sizing 
tumor of the omentum, described a histopatliologie picture simulating a 
glomangioma. .Since no normal glomic bodies liave ever been described in the 
omentum, they raise the question of orisrin. 

All of the elements of the Sucquet-IToyer canal and its surrounding com- 
ponents have heen designated as being the origin of the tumors cells. 

Jirka and Scuderi implied an endothelial origin to the tumor cells, 
Krompecher considers them as angiolilasts. lie v.-as unable to demonstrate 
myofibrils. Gescldckter, because of the method of termination of the neuro- 
fibrils, believed the glomal cells to be modified nerve cells. Popoff, in iiis study 
of normal glomus, found amid the ordinary mu‘;('le cells. large epithelioid cells 
with clear cytoplasm and round or globular nuclei Followed in serial section, 
these epithelioid-like cells appeared (o be transver<'cly cut muscle cells with 
voluminous ey'topla.sm and slightly elongated polylifdral nuclei. 

Popoft, further in his .study of the digital vascular .system, had noted 
primary pathologic changes of the glomic unit in nonspc' ific celluliiis. senile 
arteriosclerotic gangrene of the foot, and diahftir- gangrene. In thrombo- 
angiitis obliterans the pathologic changes were secondary. 


The patient, a white male, age<l 42 years, rortpluin^-O <>i a pamful noJuJe on the left 
arm. He ptated that a pmall nolule Imd Tv’en pre.«ect at'orr ihe elbow for ten years as a 
Mae birthmark.’^ It had never bf-en painful. Ei;:ht moctli’* pnor to admi.'sion, while 
potting Iii< arm out of an open automobile windotv. he -tnuk the of the nodule against 

the frame. At that time he state* that it felt like a nail had bf^en -.tuck into hi.® arm From 
then on he had a con.«tant dull aehe at the site of the injury About tw*- months after the 
injon- he jjegan to e.xfierienee episode? of intermittent ['.'iin at tlie site of th® nodule. These 
I'ain.s he df’^eribed a*- rapidly f-ucceeding paro.xy?nis a^ though a needle wa* etuek into his 
arm. ’ Each epi.sode was a.®eociated with a similar pa n. Ic'atPd at the level of the left sixth 
ub at the anterior axillary line. The no<Iule wa* painful when pres'-ed. He noted no inerea'e 
m Size. Local examination revealed a small blue area, W in^h in diameter, on the posterior 
a pect of the left upper arm, 8.5 cm. above the olecranon. The nodule, although sensitive 
to pre««urc, revealed no ‘^trigger tcndcme'i'*. ” The remainder of the physical examination, 
except for several small scattered hemangioma* on the anterior rliest wall, wa* of no signifi- 
cance. The blood yVas«ermann and Kahn te®ts were negative. 

^ Gto$%: The specimen con.«i‘<ted of an oval piece of skin, 1..5 cm. in long diameter, cover- 
ing a small amount of .‘subcutaneou.® ti«sue. In this ti®'Ue was found a email, lentil-.shaped, 
^rk brown, sharply circuin.«eribed nodule. 

Th examination revealed a notlule boplered by a well-defined fibroela'tic capsnle. 

^ nwlule Was formed by intercommunicating ves'=el.'^. Eacli vessel wa® surrounded by a 
^atle of spheroidal cells. TIle^e units were separato<l by small areas of collagenous tissue. 

m er higher magnification the endothelium of the ve.^.^els consisted of elongated cells resting 
on a collagenous membrane which varied in tliickue®®. TVith the van Gieson’.* stain the 
' genou.s fibril® were noted to radiate from the vessels and showed a dendritic proliferation 
^ aeen the tumor cells. .Stained by the Biclscliowsky-Maresch method, the connective tissue 
* Were deep black on a clear background. Thick collagen bundle* were reddish brown. 

The cells were in single and in group arrangement and appeared related to the collagenous 
n 3 as the fruits of a laden-down tree to it.* branche®. The tumor cell* about the vessels 
^cre di'tributed in fanta«tic waves in a more or le.** pyriform arrangement. The cytoplasm 
ill defined and faintly staining. From it projected slightly elongated processes. The 
nuclei Were stained deeply and contained granular chromatin material. Xo mitotic figures 
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Fig. 1 . — Low power. 



Fig, 2. — Medium power. 
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were noted. Sections stained by Bodian’s method disclosed the presence of nonmyelinated nerve 
fibers which appeared to be in continuation with some of the foregoing cellular proecv-f.;. 
Between tlie tumor cell.s in the collagenous tissue occasional fibroblasts and fibrocytes could 
be seen. 

In accordance with other observers and with the classical work of Slassoii, 
we believe that the tumor cells originate from the muscular elements of tiio 
Sucquet-Hoj'er canal and that thej^ are classified as myoblasts. We furtlier 
believe that these cells are connected to the periglomal nerve elements by non- 
myelinated nerve fibers. 


SUMMARY 

A ease of glomus tumor occnrx’ing in a 42-year-old tvhite male is reported. 
The tumor occurred at the site of a previous “blue birthmark,” follmvmg in- 
jury to that site. The ‘‘birthmark” xvas of ten years’ duration, and the glonnn; 
tumor was of eight months’ duration. The tumor cells appear to lie of niyo- 
blastic origin. We suggest that there exists a connection of these cells to tiie 
periglomal nerves by means of nonmyelinated nerve fibers. In view of tlie 
fact that the exact nature of the previous “blue birthmark” is unknown, it 
is difficult to postulate a relationship of the glomus tumor to it, althougli some 
relationship is extremel}' suggestive. AVe believe that the glomus tumor is a 
typo of angioma, a complex type, in whieli the neuromyohlastic elements pla.v 
an important role for clinical manifestations and for histologic morpholog}’. 
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EFFECTS OP INTEAPERITONEAL INJECTIONS OP STAPHYLOCOCCUS 
ANTITOXIN ON SUHCUTANEOUS STAPHYLOCOCCIC 
INFECTION IN illCE* 


R. H. Rigdon’, jM.D., Nasiivilll’, Tenn'. 


'"T^IIE inechanisin of stjipliylococons iininunity, both local and general, is not 

clearly understood. Jlncli empliasis. liowevor, has been placed upon anti- 
bacterial innmmit}-. YVight and Douglas^ thougiit that opsonins played the 
important role in local immuiiit.v. It is now well known that staphylococcus 
vaccines produce au increase in the opsonic index, and the animals show a 
greater resistance to staphylococcus infections. Cannon and Pacheco,- m their 
study on immunitj’, iiunuiuized guinea pigs with a .stapliylococcns vaccine and 
then injected a virulent culture of the same bacterium subeutaneonsly. His- 
tologic sections of the skin of these animals showed that the organisms formed 
clumps and clusters. A greater number of leucocytes and more phagocytosis 
were present in the .sections from tlio imimiiie pigs Ilian in tlie normal controls. 

Recently attention has been directed toward antitoxic immunity in staphy- 
lococcus infections.'^”'’ The specific antitoxin docs protect rabbits against a 
lethal (lose of staphylococci. Tliis protection is tlionght to be the result of 
a neutralization in vivo of the toxin by the antitoxin.*’ Investigators, in study- 
ing this iminiinity, have been concerned primarily in obtaining complete pro- 
tection against the lethal action of cultures of staphylococci following an 
intravenous injection. Little attention has been given to the effects of staphy- 
lococcus antitoxin on local .staphylococcus infections 

The present study was made to determine the type of reaction that would 
occur in the .subcutaneous tissue.s when toxin- and nontoxin-prodneing strains 
of staphylococci were injected locally in normal mice and mice passively im- 
munized with staphylococcus antitoxin. Staphylococcus toxin was also in- 
jected into a group of the normal mice to compare the reaction produced by 
the toxin Avith that produced b.A' the bacterial cells. 

JIATERIALS AND METHOD.S 

The staphylococcus toxinf usied in thi-s study contained at the time of its 
pieparation 8,000 dernioiiecrotic units per cubic centimeter. It was diluted 
1.100 with physiologic saline immediately preceding the inoculation. In- 
jections of 0.05 c.c. of this diluted toxin were made subcutaneously into each 
side of the abdomen of 20 Avhite mice. 

The toxiii-produciiig strain was an aureus variant from a culture obtained 
hi Blay , 1933, from the pharynx of a patient Avith agranulocytic angina. The 

•f’rom the Department of Pathology. Vanderbilt Univetsity Jledlcal School. Nashville. 
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iTlie toxin was supplied through the courtesy of Lederie Laboratories. 
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lethal effect of this variant on rabbits was recently reported.® The ability to 
produce toxin was determined by the method of Biggers.® The supernatant 
fluid obtained from wa.shing a forty-eight-hour growth from an agar .slant 
(15 by 2.5 cm.) contained enough hemotoxin in 0.05 c.c. to lyze completely 
2 c.c. of a 1 per cent suspension of rabbit red blood cells. The nontoxin- 
producing strain of Staphylococcus alhns was isolated in iffay, 1937, from a 
furuncle in the nose. No lysis of the red blood cell suspension occurred when 
0.8 c.c. of the supernatant fluid from this culture was added. 

The staphylococci were grown on agar slants for eighteen to twenty-four 
hours immediately^ preceding the animal inoculation. The Avashed bacteria 
Avere susyAended in a physiologic salt solution. The suspensions of the organ- 
isms Avere brought to approximately the same concentration. Injections of 
0.05 c.c. of the.se suspensions Avere made subcutaneously on each side of llie 
abdomen of Aidiite mice. Tiventy Avere giA'en the suspension of the nontoxin- 
producing strain, and 26 the suspension of the toxin-producing strain. Two 
mice from each of three groups, namely, those receiving the toxin, the toxi- 
genic and nontoxigeuic strains of staphylococci Avere killed after thirty min- 
utes, one, one and one-half, tAvo, three, four, fiA'e, six, eight, and ten hours. 
Tavo mice inoculated Avith the toxin-producing strain Avere also killed after 
eleven and tAvelve hours. 

Mice Avere passively immunized by txvo injections of 0.5 c.c. of staplip 
loeoccus antitoxin* giA'en iutraperitoneally at eighteen hours and at tAVO hours 
prior to the subcutaneous inoculation of the Avashed bacteria. Groups of 
four of these immune mice Avere killed after intervals of three, six, and ten 
hours. 

A 27 gauge needle Avas used for inoculating the bacteria. The abdominal 
Avail in the area of the lesion Avas remoA'ed and placed in a 5.0 per cent sou 
tion of Zenker acetic acid immediately after the animals Avere sacrificed. The 
sections Avere prepared and .stained Avith hematoxin and eosin. Select .sections 
Avere stained according to Giemsa’s method. 

EXPERIXIENTAL 

Lesion Produced hy Staphylococcus Toxin in Normal Mice. The inicc i 
oculated Avith the staphylococcus toxin appeared slightly less active 
controls. All of them .surAUA’ed the effect of the inoculum and Aveic u e ^ 
The abdominal Avail in the area of the inoculation AA’as macroscopically etcn^ 
atous and hyperemic after three to four hours. The blood A'cssels ' 
dilated on the peritoneal surface. Microscopically the vessels Ai'cre 
after thirty minutes. At this time the subcutaneous tissues Avere 1^, 

and remained SAvollen during the remainder of the experiment, 
in the abdominal Avail .shoAved focal hyaline and nonstriated areas, and 
after ninety minutes. The injury- to the tissue apparently did not 
after the first tAvo hours. Polymorphonuclear leucocytes AAmre the 
istic cells present. After thirty minutes these cells lined the lumina 
dilated A-e.ssels. and Avere present in the adjacent tissue. Only a fc" 

♦Supplied throuEli the courte.sy ot Lederle laboratories. 
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cytes were found in the cdeinntons and ueerotic tissue during tlie first tliree 
hours after inoculation. Jinny of these cells were pyknotic and lyzed. After 
six hours the leucocytes appeared more numerous and better preserved. At 
this time they seemed to he in greater number about the necrotic muscle tissue. 

Lcsiotis Produced hy a Nonioxigcnic Strain of Staphylococci in Normal 
Mice. — The mice appeared normal following the inoculation. The early gross 
lesions were similar to those which occurred with the toxin. The bacteria 
were more or less localized in the subcutaneous tissue. The muscle never 
showed any evidence of necrosis, and the subcutaneous tissue showed only 
a small amount of necrosis at the end of the experiment. Polymorphonuclear 
leueoc.vtes were the characteristic cells in the inflammatory process. After 
thirty minutes these cells lined the lumina of the dilated vessels and infiltrated 
the adjacent tissue. As time progressed the leucocytes appeared to migrate 
toward the bacteria. Aftci' three hoiins the leucocytes had collected about 
the organisms and infiltrated the adjacent tis.sue. After eight hours the 
leucocytes had invaded the entire area previously occupied by the bacteria, 
aud practically all the latter were pbagoe.vto.sed. Little change occurred in 
the reaction during the last two hours of this experiment. 

Lesions Produced hy a Toxigenic Strain of Staphylococci in Normal Mice. 
—A majority of the 26 mice that received these oi'ganisras were weak and 
would not eat after three hours. Four of the group died five to ten hours 
after the injection. Pathologic studies were luaiie onl.v on the mice that were 
sacrificed. 

llacroscopically the abdominal wall in the inoculated areas was edematous 
and hypereinic after three hours. As the experiment continued, the edema 
progressively' spread to involve the greater portion of the wall. After six 
to eight hours the skin was pale yellow in color. Jlicroscopicallj’ the changes 
after thirty minutes were similar in only a few respects to those in which the 
nontoxin strain of staphy’lococci was injected. Polymorphonuclear leucocy’tes 
Were present in the tissues about the blood vesschs m the areas where there 
Were no bacteria. Only a few leucocytes apparently ever infiltrated the zone 
occupied bj’ the organisms, and these were desti'oyed I'er.v rapidly. Phago- 
cytosis was not a conspicuous proces.s at anv time during this experiment 
fFig. 1C). 

Although it was impossible to completely' control the site of inoculation, 
there seems to be no doubt that the bacteria invaded very quickly the sur- 
rounding tissue. The leucocytes failed to localize the organisms after eight 
lioui's as they did the nontoxin-producing strain of staphydococci. Extensive 
necrosis occurred after five hours (Fig. lA). Bacteria invaded the walls of 
some of the smaller blood ve.ssels. Injured aud degenerated leucocytes infil- 
trated the tissue in the abdominal wall. Staphylococci and leucocytes were 
Present along the peritoneal surface. 

Lesions Produced hy a Nontoxigenie Strain of Staphylococci in the Immune 
Mice. — The mice were weak and had severe rigors within five minutes after 
receiving the staphylococcus antitoxin. After two hours they appeared nor- 
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inal. Three liours after the inoculation of the bacteria the abdominal ival! 
was edematous and hyperemic. This reaction slowly progressed during the 
remainder of the experiment. 

The histologic changes in these mice were very similar to those in the 
normal. Some of the bacteria appeared to form small clusters. It is diftieult 
to determine whether or not there was greater agglutination of the bacteria 



I’i?. 1. — A, The .ahtloiiiinal muscle is severelv injured by the toxin 
stapliylococcus in vivo. Thi.s normal mouse iva.s killed Ove hours after injecting 
0.05 c.c. of a toxigenic strain of staphylococci. 

B, The abdominal muscle is normal in the passively immunized mouse 

receiving the same suspension of bacteria as shown in A. , nbout ij,'- 

C, Only a few polymorphonuclear leucocytes are present after The 

toxin-producing staphylococci in the subcutaneous tissue* of this normal b\* 

arc present in the greatest number in the subcutaneous tissue in the zone 

line. In 

D, The bacteria are more localized and tliere is a marked increase of leucoc.^^-^ 

subcutaneous tissues of this passively immune mouse when compared wttii p.- 

in C. A majority of the staphylococci are present in the subcutaneous ik XCTS.) 
indicated by the line. Section removed after six hours. (Hematoxylin ana c 
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in tlic iinnuine than iii liic normal mice. There were mnio’ more polymorplio- 
nuclear leiieoeytos, and there was greater phagocytosis in the immune animals 
than in the normal mice. 

Lesions Produced by a Toxigenic Strain of Staphylococci in Immune Mice. 
— The mice in this group looked very similar to those receiving the nontoxin- 
producing strain. JIacroscopieally the lesions in the two groups of immune 
animals were very much alike. IMicroscopically the toxin-producing strain 
of staphylococci never invaded the adjacent tissues as extensively as they did 
in the normal. Three liours after injecting the bacteria there were many 
polymorphonuclear leucocytes present. Apparently there was also less de- 
•struction of cocci and greater phagocytosis of the bacteria by the leucocytes 
in the immune animals than in the normal (Pig. 1/>1. These toxin-producing 
organisms remained localized in the immune mice the same as the nontoxin- 
producing strain. At no time was there extensive edema and necrosis like 
that which occurred in tlie normal mice (Pig. 3/>) The onl}' necrosis ob- 
served in the muscle was found in a few ai*eas where there was an extraordi- 
nary large number of staphylococci. 

DISCUSSION 

The absence of any polyinorphonuelcar leucocytes in the tissues of normal 
mice for approximately three hours after the injection of staphylococcus toxin, 
and the presence of local ncci'osis during tliis time may indicate either that the 
leucocytes are not iireseiit in the tissue or that they are destroyed by the toxin. 
During the first three hours following the subcutaneous inoculation of toxin, 
apparently all of it eitlier unites with the tissue or is removed by the blood 
or lympli. Leucocytes apparently arc not destroyed by the toxin after this 
time as they enter the areas to phagoeytose the cellnlar debris resulting from 
the action of the toxin on the tissue. 

Tlie toxigenic strain of staphylococcus produce.s lesions in the normal 
mice .similar to those produced by staphylococcus toxin alone. In view of 
this it appears very likely that the staphylococcus liberates a substance in 
vivo which injures the tissues. The effects of this substance are not as evident 
when animals arc passively imnitiiiizcd Avith stapliylocoecus antitoxin. 

In the absence of .staph^’loeoecns antitoxin the toxin-producing strain in- 
vades the necrotic tissue. Tlie toxin liberated in vivo produces necrosis of 
the tissues and destroys the leucocytes. In passively immune animals the 
bacteria apparently remain localized, and tliey are more quickly phagoej'tosed. 
The toxin liberated is eA’idently immediately neutralized by the antitoxin. 

Tlie reaction of the tissues to a nontoxiii-producing strain of staphylococci 
is Very similar in both the normal and iinumne mouse. There may be, Iioaa'- 
fiver, more leucocytes and greater pbagocyto.sis in the latter. It is difficult 
to deteniiiiie from liistologic studies Avliether or not there is an increase in the 
number of leucocytes since there is .some variation in nonnal mice. There are 
many observations, however, which show that tliere is gi’cater phagocytosis of 
bacteria in animals immunized Avitb A'accines than there is in the normal.®- 
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TJie observations made in this study on the local tissue reactions witli 
toxin and nontoxiu-produeing strains of staphylococci are similar to those ef 
Tsnda using virulent and aA'irulent streptococci and pneuiuococcid® 

There are a lai’ger number of leucocytes and a greater phagocytosis in the 
immune than in the normal mice. Apparently the antitoxin neutralizes the 
toxin and thus prevents the destruction of the leucocytes. The increased 
jihagoc3’tability niaj’ be the result of a longer survival of the leucocytes per- 
mitting them to continue to phagocj'tose the bacteria. 

Staphylococci are present in clusters in the mice given stapliylocoecu' 
antitoxin. Similar groups of bacteria are also observed in some of the normal 
animahs. This clumping of the bacteria maj* have resulted from inoculatiim 
groups of organisms directly’ into the tissue. Staphjdococci, as is well known, 
have a tendencj* to grow in groups in vitro. 

Eamon,® in discussing the effect of staphjdococcus antitoxin, expressed 
the opinion that it protects the cells and tissues against the necrotizing action 
of the staph^’lococcus poison and thus makes a less favorable medium for the 
growth and multiplication of the organisms. The leucocj'tes, in the presence 
of antitoxin, are able to phagoc.vtose the baetei-ia and debris. Staphylococcu' 
antitoxin is, therefore, indirectly bactericidal. The results of this experiinciit 
confirm Ramon’s opinion and indicate that greater phagocytosis of a toxigenic 
strain of staph.vlococei oeciu’s in mice passivelj* immunized with staphylocoeem 
antitoxin than occurs in noiunal mice. 

The mechanism of the immunitj’ produced bj’' staphjdoeoccus antitoxin m 
local staphylococcus infections appears to be primarilj’' the result of the nea 
tralization of the toxin. The leucocytes apparently survive for a longer permi 
in the immune animal and continue to phagocj’tose the bacteria. Staph} e 
cocci ma.v also he more easily' phagocj’tosed in the presence of immune sera. 
The importance of lencoe.vtes in staplijdocoecus immunity has been shown >. 
Cannon and Pacheco- in animals immunized with staphjdoeoccus 
The present study also shows the importance of leucocytes in animals passne. 
immnnized Avith staphjdoeoccus antitoxin. 


SUMMARY 

IMice passivelj- immunized with staphjdoeoccus antitoxin and given 
lococei suhcutaneouslj' sIioav more polymorphonuclear leucocytes and 
phagocj'tosis than tlie controls rvithout antitoxin. If tlie staphjdococcns 
duces a toxin in vivo it is neutralized bj* tbe antitoxin. Tbe toxin-pio^ 
strains of staphjdococci remain localized in the immunized mice siiuil'** 
nontoxin-producing strain in normal mice. 
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GERMICIDAL PROPERTIES OP THE OXIDES OF XITKOGEX*' 


H. G. Williams, B.S., M.D., and T. A. llAimsKAVt'v. ]M.D . Phoenix. Aniz. 


OO FAR- as we have been able to detei'ininc, tiiere lian been no work pnb- 
^ lisbed in literature that has detailed the sy'siematie snnly of the germici- 
dal action of the oxides of nitrogen. 

Review of the literature does reveal that the oxides of jntrogen have been 
used with excellent results in the treatnient of infected wonnds, osteomyelitis, 
chronic empyema, and tuberculous sinuses, htucli of tbi.s work has been done 
sud published by Sweek,^ of Plioenix, Ariz. He and otbeis liave been fully 
aware of the remarkable bactericidal properties of the oxides of nitrogen but 
have not taken up the work involving a pureh' bacteriologic study. 

In 1903, J. N. AIsop, of Owensboro, Ky., experimented with a machine 
for aging flour. This niacliine consisted mainly of a high tension clcetnc are, 
setting up vibrations in the air. During his experiments be occasionally 
noticed dead flies around the machine. Brockett, of Princeton, discovered 
that the gas from a similar machine po.ssc.ssed definite bactericidal powers. 
AIsop cured dogs of mange by placing them in a cbaiuber containing the elec- 
trified air.- 

Dr. Stenion, of Owensboro, Ky.. devised and used a machine in which a 
pine block was placed in the ionizing chamber and inserted into the electric 
^rc at intervals. This type of machine was used, also by the late J. B. Murphy 
'uid his associates at the j\Iurphy Clinic. It was thought that the pine block 
'^rould add certain organic matter to the gas which would enhance its bac- 
tericidal power. 

Dr. Lowell, at the Mercy Hospital in Cincinnati, now uses a machine in 
''hich the gas comes in contact with a pine stick. lie believes that the oi- 
Sanic matter derived from the pine is an essential factor in preparation of 
5l;^_germicidal gas. 

From the Lois Giunow Memori.il Clinic. Phoenix. 

Received for publication. April 7, 1939. 
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Dr. W. 0. Siveek substituted pine oil for the pine block. Air ivas passed 
over the pine oil before entering the ionizing chamber. He, hoivever. dis- 
carded the idea of the organic matter several years ago, as he has seen no 
dift'erence in the bactericidal power nor any difference in the rapitlity witli 
which infected wounds heal. He noiv uses a machine in making the gas which 
does not bring organic matter in contact with the arc. 

In our experiments we have used a duplicate of Dr. Sweek’s machine, a 
description of which is included in this report. 





.. . fie.’tcrjpt*'-'* 

., , machine used In the experiments. It will he noted it Is 

that it is very compact and easy to transport. While the macliine is jn op 
more expensive to operate than an ordinary* electric iron. 


In taking up the study of any antiseptic or germicide for geneial u , 
must consider several factors -, namely : 

1. The availability and economical status of the antiseptic. 

2. What harm can he done to a patient or tissues with which it coi 
contact during its admini.stration? 

3. Does it possess definite antiseptic and bactericidal qualities. 

In answer to the first factor we can safely say that it is easily and 
cally iiroduced. The second factor has been discussed in preiioi'^ pri'pctl'" 
tions.^ However, we may state here that this gaseous autiseptn 
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used within its limitations is liarinless. The diseussion and study of the third 
factor will be the purpose of tins paper. 

For a more thorough understanding of the antiseptic under considera- 
tion, \VQ give a brief description of the propai'ation of the gaseous antiseptic 
used in these experiments. 

"When compre.ssed air is passed tliroiigh an electric arc of sufficient 
amperage and voltage, the oxygen and nitrogen of the air undergo a certain 
chemical combination. The exact sequence and the end products of these 
changes are not definitely known. However, we do Icnow that the oxides of 
nitrogen are produced and that the resultant gas, in the presence of moisture, 
forms nitric acid. AVe know also that when an equilibrium is reached, the 
percentages of the different oxides of nitrogen vary with several conditions; 
namely: (1) the amperage and voltage used; (2) the width of the spark; (3) the 
pressure of the compressed air as it enters the ionizing chamber; (4) the dis- 
tance from the arc at which the gas is taken; and (5) tlie temperature of the 
gas. Variations in these factors have a very definite influence on the ger- 
micidal qualities of the gas as well as its effect on tlie tissue cell. 

AYe believe that the machine we have used in onr experiments has the 
above factors so adjusted as to liavc the inaximum power as a germicide with 
a minimum effect on the tissue cell. 

Fig. 1 shows the machine used in evolving the germicidal gas used in our 
experiments. The dimensions of the cabinet are IGV 2 by 10^^ by 10 inches. 
Air enters through the right end panel. The gas outlet is tlirough the left 
end panel and the electrical attachment cord. Tlie toj) panel carries a 10 
liter ionizing chamber, air nozzle, and electrodes. Air at 2 to 3 pounds pres- 
sure enters through tlie right end of cabinet and proceeds on into the ionizing 
eliainbor through inch air nozzle directly below electrodes. The amperage 
is 60 Ha. at 12,000 volts. As the air passes through the arc. tlie oxygen and 
nitrogen undergo certain ciiemical combinations. It makes its escape from 
the ionizing chamber through an outlet at the left end of the cabinet. At the 
end of a incli 10 ft. rubber hose, a glass nozzle or catheter is attached for 
treatment purposes. 

The clinical germicidal and fungicidal effect of the gas having been dem- 
onstrated in many eases, it was, of cour.se, obvious to us that these qualities 
could be demonstrated in the laboratorj' by bacteriologic experimental meth- 
ods. iVe have repeatedly demonstrated this to be true during the past 
several years by numerous and varied cultural experiments with manj' dif- 
ferent kinds of bacteria and fungi. In every laboratory experiment the high 
germicidal and fungicidal effect of the gas was demonstrated even more con- 
vincingly than ill the clinical eases treated. 

Tables I to Y show a series of barefully controlled bacteriologic expen- 
ments. Tliese experiments were carried out with pure cultures of vaiious 
bacteria obtained from Parke, Davis and Co. It was thought best to emploj 
strains of bacteria obtained from outside sources in order to avoid the possi- 
bility of encountering weakened or attenuated strains accidentally isolated 
by us or resulting from numerous necessary .subcultures while isolating pure 
strains in our own laboratory. 
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Table IV 

Petri dishes were gussed and left open for twchr hour.*. iwfiO'-cd to the air, then recapped, 
aad incubated for twenty-four to forty-eight hours. If nill he noted that the gas caused some 
change in the media that prevented growth of mold and Imctetia. The Petri dishes were gassed 
five, ten, fifteen, twenty, and twenty-five minutes, lespeetiiely, tioforc expo'-ure to the air. 



5 MIN’, j 



1 20 MIN. [ 25 .MIN. 1 

[ CONTi:OL 

Petri dislies nutrient agar 1 


1 10 Mix. 1 

1 15 MIN. 1 

- 1 - 

1 + + + + 


Table V 


About five minutes of gasning of the JVfn dish is ncecsi-ary before the surface of tlic 
media becomes bactericidal. 


1 

1 MIN. 

2 MIN. 1 

a MIN. 

•4 MIN. 

5 MIN. 1 

CONTROL 

Petri dishea nutrient agar 

a mold and 
bacteria 

7 colonics 1 
bacteria 

5 mold 

4 mold 

1 

|2 mold 

i i 

Colonies of 
mold and 
bacteria 


Tlie Strcpfococciis pi/or/cncs strain was obtained after tlie first strain fur- 
nished by them bad proved to be larking- in g:nminir qualities on .siibciiltiire. 
The one used in this experiment was reeommended by them as being a good 
“grower.” We found tliat tlieir prediction was .iccnrato. and it will be noted 
that this culture was more resistant to the gas than any of Mie nther strains of 
bacteria. It will also be noted, however, that all the bacteria were quieUy 
killed by the gas. The media used in these experiments w-ere the ordinal.) 
Difeo products, tlie brain veal agar having a pll ol " 65-*- while the nutrient 
agar had a pH of 6.7-I-. It was intere.sting to note tliat even with prolonged 
treatment of the media by the gas the reaction of the media was not altered 
to the acid side sufficiently enough to be shown by any of tiie ordinary indica- 
tors, It Is believed that this fact may somewhat explain the iionirritating 
quality of the gas when used over prolonged perinds in tlie treatment of in- 
fected wounds and sinuses. 

The Petri dishes used in this test were of standard size, and the agar 
slants were contained in test tubes % inch by 6 iiu'hes. The gas was applied 
to the surface of the slanted media through a rubber or glass tube wdth a tip 
small enough to reach entirely into the apex of the slant. If this was not 
done carefully, it was found tliat a pocket of air would be produced in this 
recess, preventing the gas from reaching the bacteria here. It was also foun 
important to move the tip about sliglitly while applying the gas m order that 
no bacteria would be imprisoned uiiderneatb the tip, thus pre\enting access 
to them by the gas. 

It has been suggested that the gas passing over the surface of the m^ia 
might exert a drying effect, besides blowing away some of tlie bacteria. With 
this possibility in mind, a series of experiments were conducted. Air alone 
^vas passed over the surface of the media in the same manner and under the 
same conditions as obtained when the gas was used. There was a luxuriaii 
growth on each tube, showing that the drying or blowing effect was not a 
factor in these experiments. 

One is impressed throughout these experiments with the high bactericidal 
power of this gaseous antiseptic. There has been much speculation, and 



262 


THE JOURNAL OF LABORATORY AND CLINICAL 5IEDICINE 


many theories have been advanced as to ivhat particular factor or groim of 
factors is responsible for the germicidal power' of the gas. 

Dr. Lowell’s theory is that the beneficial effects are due to electronic 
changes brought about in the tissues, resulting in a more normal state ot elec- 
trical balance, thus enabling the tissues to fight infection more effectively. 
This explanation applies to wounds that are being treated with the gas and 
is not an explanation of its germicidal activity in bacterial cultures. 

Dr. Sweek is of the opinion that its germicidal activity is due to the for- 
mation and depo.sition of nitric acid and other compounds as yet unanalyzed, 
the bacteria being destroyed by dissolution or injured to such an extent that 
death of the bacteria re.sults. 

It has been noted that the amount of nitric acid deposited on the inerlia is 
very small as it does not change the pH enough to be shown by the ordinary 
indicators. We do know, however, that if this gas is passed through distilled 
water for one to two hours, the pH is changed considerably toward the arid 
side, as shown by titrable acidity. We also know that the gas is not effective 
in the absence of moisture, but is this not true of any gaseous, liquid, or semi- 
solid germicide? From our clinical experience we may add that after gassing 
an open wound for one hour there has not been enough nitric acid deposited 
to irritate or injure tissue cells. On the contrary, the wound heals rapidly 
and cultures from the ■wound are sterile after two or three such treatments. 
It has been stated by Dr. Leo Loeb, and corroborated by others, that small 
amounts of dilute acid enhance the action of the phagocyte and stimulate 
granulation tissue formation. Further, in the treatment of infected woiiiid* 
with this gas, the small amount of acid formed helps to dissolve fibrin and 
other necrotic material that might retard wound healing. 

It is possible that some nascent oxygen is formed in the gas which c.vert' 
its benefit as an oxidizing agent. We feel that small amounts of liyponition-' 
acid are formed which further enhance the oxidizing power of the gas. 

CONCLUSIONS 

1. Compressed air passed thi’ough an electric are, as described in Ibr 
report, produces a mixture of gases which is a very effective bacterio.stafic an 
bactericidal agent. 

2. The bacteriostatic and bactericidal action of this gas is effective in 
seconds ’ exposure. 

3. This gas is also fungistatic and fungicidal. 

4. The vegetative forms of bacteria and fungi are the least resistant 
the gas, the spore forms being very resistant. 

5. "We believe that the bactericidal power of this gas is due to 
and deposition of minute amounts of nitric acid and other agents con 
in the gas that as yet liave not been analyzed. 

6. The gas is easily and economically produced and should find da 
e.st field of usefulness in the treatment of infected wounds and chionie 
ing sinuses, particularly osteomyelitis and tuberculous sinuses. 
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ULTRAVIOLET IRRADIATION AND VITAJIIN C METABOLISM* 


Claus W. Ju.voeblut, M.D., and Rose R, Feiner, M.A, 
New York, N. Y. 


^^ITH the advance of knowledge, interest in vitamin C has shifted from 
consideration of its importance as an antiseorbutie agent to a fuller 
appreciation of its function in the physiologic defense mechanism against 
^anotis infections and intoxications. It is now common experience that most 
infectious diseases are accompanied by a loss of the vitamin from the bodyj 
moreover, it is often possible, experimentally and ciinically, to enhance re- 
sistance or to hasten recovery by raising the vitamin levels through the admin- 
istration of ascorbic acid.^ 

^ The significance of low-grade C deficiencies, or Iiypovitaminoses, in the 
epidemiology of infectious diseases is far from being understood j indeed, the 
^eij complexity of the problem presents great difficulties for systematic ex- 
P oration.^ However, it remains an inviting task to attempt to correlate sea- 
sonal variations in susceptibility, as indicated by the periodic oscillations of 
mortality and morbidity, with cyclic changes of vitamin C metabolism. Un- 
I 'e the mode of utilization of other vitamins that are stored in considerable 
reser\es in the body, the A’itamin C intake and outflow represents a delicately 
attuned system which undergoes continuous alteration and adjustment. The 
c anges in this system may be measured directly'- by tlie degree of C satura- 
lon of blood and tissues, on the one hand, and by the rate of C elimination 
irough peripheral secretions and excretions (milk, sweat, tears, saliva, and 
iirine)^ on the other. That the maintenance of this balance is subject to sea- 
sonal influence is suggested by numerous observations which need hardly be 
^ a ed here in detail.- It is as yet uncertain to what extent these phenomena 
iii'e hiought about by exogenous or by endogenous factors, individually or 
actively ; but there are good reasons for assuming that, apart from differ- 
ences m dietary intake, environmental conditions connected with the opera- 
lOR of climatic constants must play an important part. __ 

^ Exposm-e of guinea pigs to high temperatures, for instance, ig"5ollowed ^ • 
fl iiniuution of vitamin C in the liver, brain, and adrenals, and the ad- ■. 

Unlver^ty^'*j,T^®^^®P^^lnient ot Bacteriology, College of Pliy.sicians nncl Surgeons. Columbia 
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ministration of ascorbic acid is said to protect tbe animals against tlie Ictloal 
effect of beat damage.® Similar were the findings of Zook and Sharpless/ 
who not only observed a rapid depletion of C stores in animals with elevated 
temperatures but also showed that artificial fever reduces the urinary excre- 
tion of the vitamin in man. Expo,sure of guinea pigs to ultraviolet light 
caused either an increase or a decrease of the ascorbic acid content of the 


skin, depending upon whether irradiation was brief or prolonged (CastelliiiF); 
similarly, Weis’s® experiments demonstrated an actual increase of the snli- 
hydryl groups in swine skin following ultraviolet raying. These results are in 
good agreement with the observation of Holtz and Woellpert" that the clinical 
symptoms of scurvy were milder in C deficient guinea pigs, which had re- 
ceived small doses of nltra violet light, than in nonirradiated controls, even 
though both sets of animals presented the fully* developed picture of scor- 
butic lesions. The etfect of ultraviolet light on vitamin C metabolism in 
man has been investigated by sevei*al authors, but the results are not en- 
tirely' in accord. While Schade® reported that vitamin C administration in- 
hibited both the ery*thema and pigmentation re.sulting from ultraviolet ir- 
radiation. Urbach and KraP obtained a definite light-protective effect onl.v 
by combining vitamin C doses with local application of bergamot oil. Un- 
published data by Dr. Irving S. Wright,^® to ivhich we may refer by permis- 
sion of the author, indicate that the production of an extensive ultraviolet 
light erythema was followed by* an abrupt retention of urinary vitamin C m 
one out of three subjects; this individual was red-haired, fair-skinned, and 
could tolerate much less ultraviolet light than the other two subjects. Dri- 
galski,^^ on the other hand, reported no change in the rate of urinary excretion 
of vitamin C as the result of ultraviolet irradiation. Since ultraviolet iigM 
in excessive doses provokes a severe tissue burn, it is not surprising to note 
that both Stolfii® and Einhauser^® observed a precipitous drop in the vitamin 
t’ levels of various organs — especially- marked in the adrenal — ^in rabbits or 
in guinea pigs whose extremities had been scalded by* immersion in hot wafer- 
Einhauser also deserihed the lifesaving etfect of cortin and vitamin C, citlier 
together or alone, when given to animals suffering from experimental burns. 
The above quotations suffice to delineate the scope of the work that has been 
done in this field and, at the same time, serve to emphasize the limitations o 


our present knowledge. 

We have been particularly* interested in the relationship that seems t 
exist between vitamin C metabolism and the effect of ultraviolet ligb* 
the production of disease, when irradiation transcends the thresbol 
physiologic stimulation. Clinical expeidence has amply* demonstrate 
potential danger of excessive dose.s of ultraviolet light in the 
critical changes in capillary* fragility* which may* he instrumental in 
hemori'hage in vitamin C deficient patients suffering from pulnionaiy 
culosis or gastric ulcers. But apart from such accidents, light 
possibly play* a more fundamental part in the pathogenesis of 
tions diseases that reach an unexplained seasonal peak of epidemiciU 
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the summer mouths. Tlnis, tlie eoineidenee of sunburn followin',^ imrestrained 
exposure at beaches and swimming pools and the oeeiirrence of cases of polio- 
myelitis are so frequent and almost pathognomonic that some epidemiologists 
have seized upon this sequence as indicating the water-borne nature of polio- 
myelitic infection; in doing so, the obvious fact was overlooked that the 
individuals bathed not only in the water hut also in the sun. The suspected 
correlation becomes even more compelling when one contrasts the rarity of 
the disease in southern climes, where the oven presence of radiation through- 
out the year provides for a protective tanning, with its massed incidence in 
northern latitudes in which the full force of summer sunlight must be borne 
by an unprepared skin. Conceivably, the apparent racial difference in natural 
resistance to poliomyelitis that separates the highly snseejitible white races 
from the relatively less susceptible colored races (black and yellow), may in some 
measure be related to the abundance of pigment in the skin of the latter, 
acting as a protection against the Ii\T>othetienI photodynanne injury. 

EXPERlltnS'TAL 

It was the object of this stud^' to determine whether nr not e.xposure of 
laboratory animals to ultraviolet iiTadiatiou was folh'ued by a significant 
change in the vitamin C content of representative tissues The animals em- 
ployed in this work were albino guinea pigs, rabbity and rhesus monkeys; the 
tissues examined were brain, liver, spleen, and adrenal gland. As the source 
of ultraviolet light we used a mercury vapor lamp, energi/.ed by high frequency 
currents (Lepel) and emitting a spectrum in which the longer ultraviolet 
waves, in the range from 2,800 to ‘1,100 angstrom units, predominate. The 
same lamp had been used in previous studies on the inactivation of polio- 
myelitis virus by ultraviolet light.*'' Animals, whose backs had been cleanly 
shaven, were placed under the lamp at a distance of .ibont 30 cm. from the 
burner and exposed to the light for from thirty to sixty minutes. After 
intervals of one and eighteen hours, respectively, the animals were killed, and 
their organs examined, for vitamin C content. For purpose of control, nn- 
I'ayed animals, 'wliicli had previously been kept on the .same dietary regime, 
were sacrificed simultaneously, and vitamin C titrations of their organs were 
carried out, side by .side, w'ith those of the organs of rayed animals. Pre- 
liminary diets were planned to cover the approximate range from inade- 
quacy to adequacy. Duplicate animals were used in each test, pooling the 
organs of pairs of guinea pigs for vitamin C analy.sis. The amounts of re- 
duced vitamin C in the tissue.s were determined by titration witli indophenol 
(sodium 2, 6-dichloro-benzenoneindophenol, Eastman Kodak Co.). Because 
of its simplicity and accuracy we adopted the modified method of Bessey and 
King/- the experimental error of which is estimated between 5 and 10 
per cent; technical details may be found in an earlier paper in which the 
same method was employed satisfactorily for the determination of vitamin 
C levels of monkey tissues.**' The results of the various titrations are brought 
together in Table I which also gives additional data relating to the experi- 
mental setup. 
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Table I 


Effect of Ultraviolet Irradiation on Vitamin C Levels of Tissues 


EXPERI- 

MENT'* 

AOTHAL 

DIET 

DURATION- OF 

IRRADIATION 

INTERVAL 

AFTER 

RAYING 

VITA 

i 

BRAIN 

MIN 0 CON 

StlLLIGRAJ 

LIVER 

TENT OP 

r PER GF 

SPLEEN 

OKGAXS 

AM) 

ADREN'AI, 

GLAND 

1 

Guinea pigs 

Inadequate 

Control 



0.18 


BUS 



Guinea pigs 

Inadequate 

Control 



0.16 

0.08 

HMtl 

0.39 


Guinea pigs 

Inadequate 

Control 

— 

0.13 

0.08 

0.16 

0,3C 


Guinea pigs 

Inadequate 

Control 

— 

0.14 


0.23 



Guinea pigs 

Inadequate 


1 hour 

0.16 

■GliEm 


0.9'2 


Guinea nigs 

Inadequate 

30 min. 

18 hours 

0.15 





Guinea nigs 

Inadequate 


1 hour 

0.13 

0.09 

0.21 

■fltM 


Guinea pigs 

Inadequate 


18 hours 

0.14 

0.09 

0.24 

mi 

2 

Guinea pigs 

Adequate 

Control 




0.25 

0.54 

1.44 


Guinea nigs 

Adequate 

Control 



0.17 

0.19 

0.34 

1.02 


Guinea pigs 

Adequate 

Control 



0.19 


0.50 

1.47 


Guinea pigs 

Adequate 

Control 

— 

0.17 

mSM 

0.41 

0.96 


Guinea nigs 

Adequate 

.30 min. 

1 hour 

0.20 

0.25 

|bk[| 

1.35 


Guinea nigs 

Adequate 

30 min. 

IS hours 

0.16 

0.13 


1.09 


Guinea nigs 

Adequate 


1 hour 

0.19 

0.28 

HE m 

1.42 


Guinea pigs 

Adequate 


18 hours 

0.17 

0.16 

0.37 

0.9S 

3 

Rabbits 

Adequate 

Control 


0.19 

0.12 

mm 

1.70 


Rabbits 

Adequate 

Control 

— 

0.20 

0.16 


l«9 


Rabbits 

Adequate 


1 hour 


0.13 


HsH 


Rabbits 

Adequate 


IS hours 

0.21 

0.18 

0.03 

BBpH 


Rabbits 

Adequate 

CO min. 

1 hour 

0.19 

0.16 

0.52 

i.n 


Rabbits 

Adequate 

60 min. 

18 hours 


0.18 

0.49 

-TTsi — 

4 

Monkeys 

C-stored 

Control 



0.16 

Not done 

0.27 

0.51 


Monkeys 

C-stored 

30 min. 

1 hour 

0.15 

Not done 

0.3C 



•All expei'iments were done in June, 1938. 


It ivill be seen from Table I that exposure of guinea pigs, rabbits, ant 
monkeys to ultraviolet light for from thirty to sixtj' minutes caused ae 
change whatsoever in the vitamin C content of the brain, liver, spleen, an 
adrenal gland. The average figures for the ra3md and unrayed groups, | a 
spectiveljL were almost exactly' identical, the range relatively small. “ 
was true for guinea pigs which entered the experiment with partiall} t® 
pleted vitamin C concentrations as well as for guinea pigs which had a® 
permitted to accumulate reserves bj* previous high level feeding. 

The outcome of the above experiments was so clearlj' negative, irrespc^ 
tive of whether one was dealing with animals capable or incapable o s.^^^ 
thesizing vitamin C, that there could be no doubt about the inefficac} o 
method of irradiation in disturbing vitamin C metabolism. It uas q 
evddent, however, that our raj’^ed animals at no time exhibited any eij ^ 
on the skin despite the fact that the .same lamp, even when opeiate 
greater distance, induced' a ver.v intense erjThema on liuman skin aftm 
three minutes’ exposure. Jlarked irregularities in attempts to pio 
erj’thema on the skin of guinea pigs bv’ powerful ultraidolet irradiation 
previously been reported by Ellinger.^" The reason for this 
between the reaetivitj' of human and animal skin is not clear, and we la^^ 
explanation to offer for it. However, it occurred to us that the 
animals to develop a burn from the ultraviolet light might possiblj 
for the absence of vitamin C changes; converselj% if a burn were pi 
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by another more drastic metliod, such changes might ensue. We have, there- 
fore, taken another group of guinea pigs, kept one-half for controls, and 
cauterized the shaven skin of the other half by the brief application of a 
searing knife over an area of approximately 2 cm. by 2 cm. The lesion thus 
provoked was entirely superficial, and, while not leading to any severe tissue 
destruction, proved sufficiently intense to cause diseolorization of the epi- 
dermis with very slight scab formation. This experiment was carried out 
three times, once in summer and again in the winter and spring, in each case 
using duplicate animals, all of which had been kept before on an adequate 
diet. The results of the three vitamin C assays appear in Table II. 


Table II 

Effect or Skis Cauteriz.\tion on Vitamin C Levels of Tissues 


.\NIM.\L 

PIET 

CAUTEHIZATION 

INTERVAL 

AFTER 

CAUTERIZATION 

\TT\MIN C CONTENT OF ORGANS 
(.MILLIGRAM PER CRAM) 

RRAIN 

1 LIVER 

SPLEEN 

ADRENAL 

GLAND 

Guinea piffs 

Adequate 

Control* 


0 15 

o.p. 

0.38 

1.04 

Guinea pijrs 

Aflequate 

Cauterized 

18 hours 

o.ia 

0('7 

0.15 

0.38 

Guinea pics 

Adequate 

Control t 


on ' 

0 V2 

0.25 

0.51 

Guinea pigs 

^Vdoquatc 

Cauterized 

18 hours 

0 09 ! 

0.00 1 

' 0.18 1 

0.35 

Guinea pigs 

Adequate 

ControU 


0 10 

0.04 1 

0.11 

0.25 

Guinea pigs 

Adequate 

Cauterized 

; 18 hours | 

i 0.09 ! 

0.0" 1 

0.10 ; 

0.37 


•Expenment done m June. 1038. 
tExpenment done In Kebruary, 1339. 
tExperlment done In w\prll, 1939. 


It is dear from the data given in Table II that the burned guinea pigs 
experienced in all organs save one a more or less pronounced drop in 
vitamin C levels; this drop reached its greatest magnitude in the liver. The 
change was well marked in all three experiments, altliongii the influence of 
seasonal variation made itself felt in a tendency for tlie vitamin C values of 
all tissues to run noticeably higher in the summer than in the winter and 
spring, A similai- plienomenon was observed before in onr vitamin C assaj* 
of monkey tissues.^** The levels found for normal control tissues compare 
favorably with the range reported in the literature for guinea pigs that have 
been kept on an adequate diet.*^ 


DISCUSSION 

The experimental data presented in this paper demonstrate tliat prolonged 
ultraviolet irradiation of albino guinea pigs, rabbits, and monkeys, fails to bring 
■'ibout any change in the tissue levels of vitamin C as it also proves singulaily 
ineffective in inducing an erythema on the shaven skin of the rayed animals. 
However, when a superficial burn is produced on the skin of guinea pigs bj 
the local application of heat, a more or less marked diminution of the vitamin 
C stores oeeurs in all the organs tested. The lattei' observation is in complete 
harmony Avith similar findings of Eiiihauser.^* It is possible that toxic, 
hi^’tamiiie-liko substances, which have an adverse effect on adrenal function, 
^^iginate from the burned tissue and require large amounts of vitamin C for 
their detoxification, a process which may be analogous to the u'cll-known 
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depletion of vitamin C following the necrotizing action of diphtheria toxin. 
The fact that nltraviolet irradiation, without inducing visible tissue damage 
in laboratory animals, also leax’^es the vitamin C stores intact is of parficulav 
interest in xdew of Wright’s^® obserxmtion that evidence of disturbed vitamin 
C metabolism occurred only in one individual who showed definite intolerance 
to ultraviolet light exposure. Evidentlj’, a mechanism operates in some in- 
dividuals which protects tissues against damage and preserves the Titamin 
C reserves in the tissues ; vice ver.sa, the absence of such a protective media- 
nism in other indh’iduals, or its breakdown by ox^erdosage of light, may initi- 
ate a derangement of vitamin C metabolism. This, in turn, may assume sig- 
nificance as a contributing factor in the lowering of natural resistance against 
certain infectious diseases. 


SUMMARY AND CONCLUSIONS 


1. Exposure of g-uinea pigs, rabbits, and rhesus monkeys to prolonged 
ultraviolet irradiation caused no change in the tissue levels of vitamin C. 

2. Such irradiation failed to produce any evidence of erythema on the skin 
of the rayed animals. 

3. The production of a superficial burn on the skin of guinea pigs by the 
local a25plicatiou of lieat xvas folloxved bj’' a more or less marked drop in the 
content of vitamin C of the brain, Ih’er, spleen, and adrenal gland. 

4. Excessive doses of radiant energy'' apparently cause a derangement of 
x’itamin C metabolism only^ to the extent that tliey are capable of producing 
injury to the tissues. 
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GONORRHEAL MYELITIS WITH ASSOCIATED PORPHYRINURIA 
FOLLOWING SULFANILAMIDE- 


Frank Garsi Norbury, M.D., Jacksonville, III. 


M yelitis is one of the rarer complications of gonorrheal infeetioii. 

Grinker^ .states, ' ‘ Gonorrhea has been known in several instances to cause 
a myelitis. Apparently the organism ascends the urinary tract and either 
enters the nervous system b 3 ’’ waj^ of the venous channels or directly along 
the nerves. It produces an actual inflammatory destruction of the lower end 
of the spinal cord and gradually^ ascends.” Blumer- saj's, “In patients with 
paraparesis following gonorrhea there is often great difficulty in deciding 
whether the lesion is a neuritis or myelitis. There is little doubt that true 
my'elitis may occur.” Gowers® gaA'e a vivid clinical description of a rapidly 
in'ogressive case of gonorrheal myelitis with fatal termination. Phifer and 
Forster^ collected 29 cases from the literature to which the,v added 2 of their 
own. Graj"® reported 5 cases of my^elitis and encephalomyelitis ivith autopsy 
report in one. He stated that probably’ 70 to 80 cases of myelitis, meuingo- 
mj’elitis, or eneephalomj’elitis have been reported in which the development 
was directly associated rvith gonori'liea. He found 64 case.s in the literature. 
All but 3 were in males. In his own series 4 of the 5 patients rvere females. 
The autopsy’ report was on a female piatient. The important findings were 
encephalomalacia limited to the fiber tracts of the internal capsule and the 
cerebellum, a few perivascular round cells, and umisual calcification of m^'b 
of the smaller arterioles in the brain. He discussed the possibilities of diieet 
infection, of associated virus infection or toxic manifestation. He thought 
the pathologic findings indicated a toxic effect being the most likely hi the 
ease studied by him. Search of available literature has disclosed very e" 
additional reports. Alarineseo, Dragenesco, and Chiser® discussed the <e 
velopment of a my’elitic gonococcus vaccine reaction which is of some m m 
in connection with the case here reported. 

The patient described below showed, along with the neurologic 
of my’elitis, the presence of porphy’rin pigments in the urine. Conseqncn 
various laboratory’ studies were carried out along with clinical obsemafion 
the changes in the nervous sy’stem. 

CASE REPORT 

A wtiite male shoe worker, aged 26 years, was admitted to Our 
11:30 P.M. on Nov. 5, 1937. His present illness began October 20 with uretliia 
redness at the urinary meatus, urinary burning, and frequency. He consuited a 
two days later when the diagnosis of urethritis was made. He returned to 
October 25 and received a hypodermic injection. A report from tlie physiciaa 

•From the Norhurj' Sanatorium, JacksonviUe. 

Received for publication, April 19, 1939, 
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gonococcus filtrnto was given on October 2o and October 28. The patient stated he started 
sulfanilaniiae on tlie earlier date, taking four tablets four times a day for three or four 
(lay?. Tlicpe made him sick and dirzy 8o he cut the do.se to one tablet four times a day for 
three days, then increased it to two four times a day until the day before entrance. Tliis 
would give a total dosage of 4(10 to 540 grains of .‘•ulfanilarnide o\er ten or eleven day.'?, 
depending upon whether the initial dosage was kept up for three or four day.s, a point on 
which the patient was not eeitain. lie felt chilly, dull, and draggj' on October 3l and went 
to bed the following day. The urine was observed to he reddish in color after the injections 
with nocturia noticed somewhere in that period. This patient first noticed numbness of his 
feet on November 3, and became paralyzed the next day. He had increasing difficulty in 
urinating and required rathctcrization on the morning of November 4 and again on the day 
of entrance. Con.<5tipation had been increasing, but when castor oil was given the day before 
entrance, control of the bowels was lost and was not regained. On November 2 the patient 
had a cliill and fever; on two days following he had two dulls; on day of admission, none, 
lie had vertigo since November 2. His dsion was not clear on Novcmbei 4 but returned the 
following day. 

The past history' of the patient was not remarkable. Ho was an inside worker and 
worked at hia present occupation na a cutter of lining leathers in a sjioe factoiy for eight 
years. He did not come in contact with dyes; the Icathei wa-s alioady treated when he 
received it. His family history was negative. 

His admission temperature was 302®, pulse rate 120 , re*piration 24 He was of slight 
build, rather undernourished and toxic appearing, con.sdous yet dull He was pale with a 
suggestion of cyanosis. Pupils reacted promptly to bglit and accommodation. The fundi 
appeared normal. There was a toxic odor to his bioath. No abnormal finding* were noted 
in examination of his heart or lungs. Blood pressure was lon/nn. Tlicrc was tenderness in 
tlio suprapubic region where a distended bladder was fouml. Tlitue wn.'* a slight amount of 
thick yellowish urethral discharge with some redness at the meatus Rectal e.vaminntion was 
negative save for a relaxed sphincter. Extremities show-od slight capillary cyanosis of the 
nails and edema of the ankle.*. 

^^euroloffic examination: Complete anesthesia existed below the twelfth dorsal segment 
with a burning paresthesia ju^t above it. There w i* some complaint of paresthesia in the 
hands. Mu.icle joint and vibration sensation were absent m the lower extremities wliicli ex* 
Iiibiterl a flaccid paralysis from the waist down. The reflc.x findings were absent jaw jerk, 
upper deep equal but dlmini.slied, lower deep absent, epigastric, abdominal, cremasteric and 
plantars absent, Babinski present bilaterally with a definitely suggested bilateral Gordon and 
Oppenheim. There was no neck sign or Kernig. 

Lahoiatory studies: Urine, On November 0 a catheterized specimen of deep led, clear, 

acid urine, witli a specific gravity of 1.024 was obtained; it contained a trace of albumen 

but no sugar; microscopic study re\ealcd a few' pus cells. All urine w-as saved for various 

special examinations noted below. A slight trace of sugar was found on November 11 and 

from November 1(5 to 2P; at all other times tests for sugar were negative. Albumen varied 
from negative to trace throughout the period of hospitalization. Granular easts were seen 
on November 31, November 15 to 18, and on November 28. Pus cells xaried from negative 
to two plus at dilTerent times. Tests for blood, bile, liemoglobin, diazo reaction, and iodine. 
Salicylic acid, phenacetin, rhubarb, senna, phenolphthalein, and pyramidon on the pigmented 
urine on November 0 were all negative. Sulfanilamide determinations, u«ing the method of 
Marshall, Emerson, and Cutting, r gave the following results; 


November G 
November G 
November 7 
November 7 
November 8 


URINE VOnUSiE 


SULrANinAMlDE (TOTAL) 

290 mg. 

204 mg. 

IGG mg. 

109 mg. 

Too low to read 
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Spectroscopic examinatioE of tlie urine tested by the simpler methods, as outlined bv 
ilason, Courville, and Ziskinds and by Schumtao gave the following results: 


DATE OF TEST 

PATE OF URINE 

METHOD 

KESDET 

November 8 

November 6, a.M. 

Garrod 

Negative 

November 8 

November 7, A.M. and p.m. 

Langnecker 

Spectrum of acid hematoporpliyrin 
Deep red fluorescence with ultra- 
molet light 

November 9 

November 6, p.M. 

Garrod 

Trace acid hematoporphyrin 

November 9 

November 7, p.M. 

H. Eischer 

Negative 


The spectroscope used was a Spencer, students’ type, the property of the Physics De- 
partment of Ilbnois College, with GO watt frosted Mazda bulb at 24 inches and solafion 
depth of 1 cm. 

Blood. Blood counts made on November 6 showed hemoglobin 74 per cent (Dare), 
IV. B. C. 7,800 ; E. B. C. 4,400,000, differential neutrophiles 57, small lymphocytes 40, large 
lymphocytes 2, and basophiles 1. Daily counts were made until November 29, then weebly 
counts until patient was discharged. Bed cell count dropped to 3,000,000 by November 11 
but gradually mounted to 5,000,000 the day before discharge. The Kahn test on blood 
serum was negative. 

On November 7 the blood sulfanilamide was too low to read. On November 8 the 
sugar was 67 mg., urea 17.7 mg., creatinine 1.5 mg., uric acid 4.6 mg. per cent, and icterus 
index 100 plus. 

Spectroscopic examination on November 8 indicated the presence of mcthemoglobm 
in diluted scrum; on November 9 it was present in diluted whole blood. 

Urethral smear on November 8 was positive for gonococci. 

flpinal fluid; 


D.VTE CELIi C ODRT GLOBDUN WASSEF.MAKK 

November 6 316 2 plus Negative Negative 

November 8 32 1 plus Negative bcgative 

December 4 5 Negative Negative 

Cells in the fluid of November 6 were mostly lymphocytes. No organisms were -cfa- 
Progress: The patient showed some intermittent elevation of temperature until ten ay 
before discharge. Neurologic changes gradually cleared. Superficial sensation was ar^.^ 
noted over the thighs on November 11, but absent elsewhere. Differentiation of beat an 
cold, pain and touch was possible by November 15. Awareness of light touch as a 
paresthesia was present by November IS along with a retura of muscle joint and 
sensation. Clums}' motion of the right leg and slight movement of the left toes uere a 
noted that day. Tiiree days later the patient was able to void a small amount of 
Redness of the skin over the sacrum to the left of the midline was noted that day. 
broke down to a trophic ulcer by November 25 but was healing well bj' December . 
this date the knee jerks were present but the ankle jerks were still absent. Sensation^ 
good. Muscle power was fair, muscular atrophy pronounced. Examination on Dcccm 
showed superficial and deep sensation normal, all reflexes but the cremasterics 
sphincter control good. The patient was lifted into a wheel chair that day, and wif > 
ance sat up for Cliristmas dinner. He left tlie hospital January 4, 1938. turnfl 

Suhseguent course. Strength gradually returned as nutrition improved. He 
to his occupation June 1 and worked regularly ever since. Recent neurologic esam 
showed no abnormal findings. 

DISCUSSION 

Several faclor.s entered into the con.sicleration of etiolog.y of ”l'bccn 
ill this case. Toxic effects of sulfanilamide on the nervous s.rstem 
reported. Porphyrinui’ia is in many instances associated with lesioa 
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the central nervous system. Pliotoseiisitizatioii and dermatitis following 
sulfanilamide led to association between sulfanilamide, porphyrinuria, and 
the cord lesion as a possibility. Evaluation of all factors, as -well as the prog- 
ress, brought about the conclusion that the condition was a gonorrheal 
myelitis with associated porphyrinuria following sidfanilaniide. 

Host of the effects of sulfanilamide on the central nervous sj'stem have 
been seen in experimental animals receiving doses proportionately much 
larger than those ever given clinically. Excitement, muscular weakness, 
ataxia, and signs of stimulation and depression of the central nervous system 
with spastic rigidity and liyperesthesia of twelve to twenty-four hours’ dura- 
tion were seen in dogs studied by ^Marshall, Emerson, and Cutting. Long- 
eope^*^ states, “Jlanj* patients experience malaise, anorexia, dizziness, somno- 
lence, nausea, headaclie and are depressed. Vomiting is not uncommon. 
These are symptoms which have been observed in animals intoxicated by the 
drug and are dependent, no doubt, upon a direct action of the chemical.” 
Such s.vmptoms t'md signs are different fi'om flic ones in the patient studied 
here. Optic neuritis was seen by Biiey” in a patient who developed central 
scotoma for red and blue, and i*elative .scotoma for wliite, following one 
tablet of sulfanilamide, although it had been given previously. As noted in 
the findings reported here, tlie patient said that vision wa^ blurred the day 
before admission but that it had cleared up. Rather careful examination of 
the fundi showed no changes, but no perimetric readings were made. 

The findings indicative of nervous system involvement usually associated 
with acute porjiliyrinuria arc of motor nature. Reripliernl neuritis and as- 
cending paralysis of Landry’s type are the most i)ronnnent clinical types, 
Hason, Courville, and Ziskind’s monograph give.s a complete clinical and 
pathologic description, Boulin, Garcin, Nepveii.x, and Ortolan^- reported 
acute porphyrinuria with peripheral paralysis showing pathologic changes in 
the anterior root cells in the cervical and lumbar areas in the cord. There 
were no sensory symptoms in their patient. ’Waldenstrom monograph is 
a most complete summary of clinical, chemical, and pathologic findings. He 
studied 50 patients in only one of whom were there sensory changes. He 
states (ioc. cit. p. 103) : “Sensation is in great majority of cases entirely 
intact. Oiilj' by long presence of symptoms liave I been able to observe 
undoubted appearance of superficial as well as deep disturbance of sensi- 
bility. . . , As a rule only the motor neuron is involved.” In the case studied 
sensory symptoms were among the first complaints in the numbness in the 
feet. Objectiv’e evidence of loss of superficial and deep sensation below the 
twelfth doi’sal segment and description of paresthesia in the hands were 

definite. 

^Vheii the first reports on photosensitivity following treatment with sul- 
fanilamide appeared, the thought occurred of disturbance of pigment metabo- 
lism. A case of meningitis treated with sulfanilamide and meningococcus 
antitoxin under observation concurrently with the case studied also showed 
porphyrinuria. Burnsting V* report spoke of porphyrinuria following sulfa- 
nilamide. Rimington and Hemmings’^^ clinical and chemical stndj* showed 
that patients receiving sulfanilamide showed heraatoporphyrinurla in amounts 
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nearly ten times that normall3" found, and tliat this continued even after tlie 
drug -was stopped. The tabulation of clinical diagnoses in their article does not 
mention an,y central nervous sj'^stem disorder. 

Whether the use of gonococcic filtrate in the case studied was of any etio- 
logic significance is quite speculative. A situation perhaps indirectly com- 
parable is in the article bj' Marineseo, Drageneseo, and Chiser (loc. cit.) in 
w’hich they described a injmlitis of the herpes zoster type developing after seven 
injections of gonococcus vaccine. Their patient, however, had had polio- 
mj^elitis in boyhood and encephalitis in adult life and hence already had a 
damaged central nervous sj^stem. Gonococcus filtrate has been widely eni- 
ploj'ed with many’ favorable and some unfavorable results reported. No cen- 
tral nervous s.vstem reactions have been seen described. 

SUMMARY 

A case of mj’elitis in a patient with gonorrhea has been described. The 
patient had taken sulfanilamide. The color of the urine suggested por- 
phyrinuria which was confirmed bj' spectroscopic examination. Some of the 
possibilities of causation of the invelitis have been discussed wdth the con- 
clusion tliat the diagnosis was gonorrheal myelitis with associated porphyrin- 
uria following sulfanilamide. 
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THE HEMATOLOGIC STUDY OP 76 PNEUMONIA CASES TREATED 
WITH SULPAPYRIDINE, INCLUDING A FATAL 
CASE OP AGRANULOCYTOSIS*^ 


J. R. E. JIonQAN’, ^I.D., AND H. K. Detweiler, ]\t.D.. Toronto, Canada 


T he introduction of ehcinotherapy in the treatment of pneumonia and other 
medical conditions naturally presents the problem of whether the drug in 
question has any toxic or other untoward effects. The use of siilfapyridine, M 
and B 693, or Dagenan, in the treatment of pneumonia was begun at the Toronto 
AVestern Hospital in October, 1938. At that time there was no literature con- 
cerning possililc toxic effects of the drug upon the hematopoietic system, and 
we undertook this study. In the meantime, several reports on the use of sulfa- 
pyridino in the treatment of pneumonia and other infections have been published. 
The volume of this work is rapidly increasing, and a more complete knowledge 
of the biochemical reactions, clinical \isos, and toxic effects of this chemo- 
therapeutic agent is becoming available. No attempt lias been made to present 
an exhaustive review of the literature of this subject, because the rapidity with 
which new knowdedge of the drug is being publisiicd would quickly out-date any 
summary of this tjTie. 

METHOD 

Leucocyte and erythrocyte counts and hemoglobin estimations were taken 
before the institution of sulfapyridinc therapy. Occasionally this procedure 
was not possible, and the work Avas .started a few hours after the first dose Avas 
given. These estimations Avere repeated daily for the duration of the therapy 
and eveiy tAVo to three days thereafter xxntil the patient ’s discharge. From time 
to time, AA'here indicated, blood films AA'cre taken and examined Avith special at- 
tention to the differential leucocyte count. The estimations of the red and Avhite 
blood cells Avere done in the xxsxial manner. The hemoglobin readings AA'ere 
made xising the standard Sahli instrument, alloAA’ing thirty minxites for the com- 
pletion of the acid hematin reaction and correcting the readings to a standard 
of 15.4 gm. hemoglobin for 100 per cent. Frequent duplicate estimations of 
leucocyte, erythrocyte, and hemoglobin le\'els AA'ere made by tAvo Avorkers in 
order to assure accxiracy of resxxlts. 


RESULTS 

The series here recorded consists of all persons giA'cn sulfapyridine therapj 
^■fter the scheme of in\’estigation outlined aboA'e AA'as established, and comprises 
10 pat ients. Six of these had tAVO separate courses of the drug because of a 
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second attack of pneinnonia, extension, empyema, etc. The hematologic record 
of these patients was followed with each course of therapy and is inchided in 
our results as separate cases. The pharmacologic and clinical aspects of tW 
whole series of. cases have been recoi’ded by Brorvn, Thornton, and Wilson,' and 
Detweiler, Kinsey, Brown, and Feasby," and submitted for publication sep- 
arately. 



Chart 1. 


In Chart 1 are recorded the results of the talmlation of Irlood examinations 
from the first to tenth day inclusive, showing the average levels of leueoc}tt’- 
erythrocyte, and hemoglolrin estimations. Study of this graph revealed a leuco 


cyte fall during the first four days, with a slight elevation beginning on 


the fiftli 


day and lasting to the tenth. The persistence of a leucocytosis of 12,000 oi our 
occurred in 35, or nearly half, of the persons studied. The rest had le%e ® 
in the normal range, as shown in the chart, throughout the remaindoi o if 
stay in the hospital. To determine the possible significance of the perns en 
+L., or: — -PT.-,.fliov nnnlv.sis. Tl'Clie 


leucocytosis, the 35 persons were separated for further analysis. " 
them showed no cause for leucocytosis, though 2 had had positive blood cu ii^^ 
2 had oliguria, 2 hematuria, and one had diabetes. The leucocyte leie s, 
ever, were not of a high nature, the maximum being 22,300. The ju 

patients showed a variety of complications and concomitant disease ® ‘ 
follows ; simple empyema 4, simple effusion 2, effusion and 
1, effusion and delayed resolution 1, effusion and peripheral phlebitis , ^ 
resolution 2, pneumonic extension 1, extension and infective as i * 
pneumonic extension and empyema 1. The remainder of this group 
the following associated conditions: infective asthma, severe pu mona , 
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eulosis, gonocoecnl arthritis, saliiingitis, postgaslroenterostomy and lung abscess, 
postcholecystectomy, carcinoma of breast, and ureteral calculus rvlth probable 
kidney infection. 

Though tJiis series is admittedly' small in number, it is thougJit to be of 
significant importance to stress the fact that of 35 patients with a persistently 
high leucocyte level after the third day of sulfapyridine tlicrapy, 65 per cent 
presented a definite complicating factor, and of these, 46 per cent were of a 
pulmonary nature. 

Examination of tlie average oiythroeytc and hemoglobin levels showed, over 
the ten-day period, a dcolinc of the former from 4,580,000 to 4,010,000, and of 
the latter, from S2.G per cent to 76.6 per cent, Even without considering the 
factors of fever and dehydration, which produced elevated blood levels in the 
first two to three days, the total drop in erythrocyte and hemoglobin levels was 
not beyond wliat is anticipated in this tyjic of acute infective processes. The 
maximum fall of hemoglobin occurred in a 16 - 3 'car-old boy who developed 
effusion and empyema, and Avhoso homoglo!»in fell from 90 to 63 per cent in a 
nine-day period. The maximum fall of from 5,700,000 to 4,100,000 erythrocytes 
in ten days occurred in a 21-ycar-old man who also developed empyema In 
these cases, fever and dehydration probably pi*oduced tlie initial elevated level 
of erythrocyte and hemoglobin estimalions. V'urthermore, in each of these 
cases the causative agent was a hemolytic streptococcus. 

Apart from the foregoing results there were no Iiemntologic observations 
wliich would indicate any tendency for the drug in (jiiestion to cause a hemolytic 
type of «anemia. One patient, J. R., recorded in detail in this study, received 
a dosage of 85 gm. of the drug over a period of 16.5 days, with no hemolysis 
occurring. Another patient receiving high dosage without developing anemia 
was H. F., a male, who was given 48 gm., in seven days, with an average daily 
intake of 6.9 gm. This patient had a short period of anuria during which the 
blood levels reached 32.6 mg. total and 16.6 mg. per 100 c.e. free drug. 

Leucopenia was considered to be present Avhen the leucocyte count fell to 
a level below 5,000. Of the 26 cases in this series, dcprcs.sion of the leucocytes 
below this number occurred in S patients in whom 27 low estimations were 
recorded. In only 2 eases was the Icucocj'tc depression noted but once, while 
the most persistent leucopcnia observed was one in wliieli the condition was 
iwesent on seven successive days. Blood-film examinations presented differential 
counts which varied with tlie degree of depro.ssion. When the total count Avas 
lietween four and five thousand cells, the lymphoid elements Avere relatively in- 
creased, blit retained their absolute luimber. With a further decline of the 
leucocyte loA'el, there Avas an absolute fall of both lymphoid and mj'eloid ele- 
ments, AA'ith maintenance of the relative lymphocytosis. Detailed examination 
of the Avhite blood cells revealed no significant changes in tlie lympboeytie or 
monocytic elements. The neutropliiles presented little change beyond a moderate 
shift to the left and an increase in toxic granularity. There AA'Cre no forms seen 
wliieli Avere less mature than the juvenile type. The erythrocytes revealed but 
little variation from normal, the only change noted ])eing the appearance of 
on occasional polychromatic cell. Table I presents tlie most significant features 
of the patients avUo dcA'eloped a Icucopenic state. 
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Tabi.e 1 


, 




1 




HIGHEST NOTED PAG- 





LEUCOCYTE 

DAGENAK DOSAGE 

ENAN BLOOD LEI'ELS j 


PA- 

AGE ! 

SEX 

COUNTS 


(GM.; 


(mg. per 100 C.C.) j 

CAUSATIVE 

TIENT 

AD- 

LOW- 


PAYS 

AV. 



! 

OP.G.AKiSM 


1 


MIS- 

EST 

TOTAL 

1 GIVEN 

1 

DAILY 

TOTAL 

FfiEE 

CONJ, 





SION 


POSE i 





T. W. 

BJ 

u 

23,000 

4,500 

6.0- 

I.O 

0.0 

6.9 

6.7 

0.2 

Pneumococcus 







! 



i 

type II 

M. B. 

14 

F 

5,400 

2,600 

10.0 

1.0 

30.0 


6.4 


PneumococCHst 

V. B. 1 

41 

F 

8,500 i 

3,000 

3,400 

42.0 

7.0 

i 6.0 

ll.S 

7.8 

4,0 

Pneumococcu.'f 

B. M. 

i 50 

F 

6,1 00 ; 

14.0 

2.0 

7.0 


9.3 


Pneumococcus 

i 

I 








type I 

J. S. j 

47 

M 

18,600 

4,500 I 

22.5 

0.5 

0.3 

! 

17.6 

14.4 

3.2 

Pneumococcus 

1 







type rV 

F. L. i 

32 1 

F 

25,400 

2,800 

30.0 

6.0 

! 5.0 

1 

5.4 

' 3.4 

! 2.0 

Pneumococcus 


i 






type Vn 

J. C. 

27 

M 

5,300 

3,300 

16.0 

2.5 

6.4 1 

10.4 

9.5 

0.9 

Pneumococcus 









type VI 

J. R. 

59 

il 

7,700 

700 

85.0 

16.5 

5.1 

26.3 

13.S 

12.5 

Hemolytic slrepto- 












coccus 

Average 

11,250 

3,100 

28.2 i 

4.9 

6.4 

13.0 

S.9 

3.8 

- 

Total 

Series Average 

Mil’ll 

0.5 

6.2 

13.0 ! 

9.9 

3.0 

i 


•Intravenous soludasenan (sodium sulfapyn'dine) 2 doses of 2 pm. each. 
fPneumococcus did not type. 


The histories of all 8 patients ivere carefully rechecked, and it was foun 
that they all had typical signs and symptoms of pneumonia, with confiiiRatorj 
x-ray examinations in several cases. The age range was from 16 to 59, and tic 
eases were equally divided between the sexes. The initial leucocyte counts I'CJC 
low, only 3 being above 8,500. The totals of sulfapyridine dosage and t lo 
number of days the drug was given are lower tlian the average of the who c 
series, lieeause with the onset of leucopenia, the drug was discontinued. T'c 
higiiest levels of drug concentration in the blood are comparable to those o t ic 
series as a whole, but were not maintained because of diseontiniiance of t^ic 
drug. There was no predominating tjqie of pneumococcus. In the case o 
sputa which did not type, sulfapyridine had been given before the sputum was 
obtained for typing. 

Agranulocytosis . — At the time of presenting this study, tlie medical litem 
ture contains reports of at least 4 cases of agranulocytosis following the 
of sulfapyridine. These include the cases of Barnett and co-workers,’ ' O’® 
ston,^ Coxon and Porbes,® and Sutherland.® We have had one case. A » 
these cases, as well as our owm, received large doses of the drag, as shown i 
Table II. 


TABI.E II 


C.ASE 

DOSAGE IN 

GM. 

PAY'S GIVEN 

AV. DAILY 
DOSE 

Batnctt et al. 

80.9 

17.0 

4.S 

Johnston 

54.0 

31.0 

4.9 

Coxon and Forbes 

54.0 

17,0 

3.2 

Sutherland 

52,0 

12.5 

4.2 

Morgan 

S5.0 

16.5 

5.1 


OnCAXISM 

Pneumococcus 
Streptococcus vinaaur 

l,4£’iu. k-f*; 

St rept ^ 


* 1^710011 and 

■ In addition to the foregoing incidences of agranuloejdosis, 
associates" report a ease of agranulocytosis where only moderate os 
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drug \verc employed, and wc have Imowlcdge of a furtlier fatal ease wliielx 
occurred in another Toronto Iiospital. The most important features of our case 
of agranulocytosis are included in the following ease report. 

J. R., a male, aged 00 yoai!., was admitted to the medical (Itvisiou March 9, 1039. He gave 
a history of asthma of two }cars’ duration, and weakne-s.«, malaise, lieadaclie, and sligin cough 
for one week. Examination revealed an, aeuloly ill imticnt who was dyspncic and slightly 
cyanosed. Physical and x-ray examiimtion.s revealed pneumonia of the right upper lobe. 
The patient was given sulfapyridinc therapy in the do.sige recorded in Chart 2. The tempera 
ture fell to normal, and after six days* treatment, the sulfapyridinc was discontinued. The 
following day the fever roturned, and the use of the drug 'vns resumed. During this course 
of the drug the patient developed a mneulopapillarj* rash and oliguria, a« noted on the chart. 



Chart 2. 


After twelve days he had a normal teinpcratuie. felt well, and Imd no abnormal pulmonary 
findings, and the drug was discontinued. Two day.^ later his fever again returned, and he 
ftad evidence of pneumonia in his left lower lobe. At this time his leucocytes numbered only 
-,-.00, with 100 per cent lymphocytes. He was given repeated transfusions and daily intra- 
muscular liver injections, but liia leucocyte level continued to fall, and in three days his count 
was only 700. The pneumonic process spread to all lobe.s, and he died the twenty-third 
day after adrnission. 

Bacteriologic examination revealed Streptococcus hemolyticus with good inhibition of 
in vitro in 5 and 10 mg. per cent sulfapyridinc in broth. The essential features of 
the autopsy were as follows: Botli pleura showed old dense adhesions over all .surfaces, with 
fresh inflammatory’ reaction evident over the lower lobc.s; there were 200 c.c. of blood-stained 
fiuid in the left pleural cavity. Macroscopically both lung? revealed a generalized pneumonic* 
process in variong stages. Microscopically the lung tissue, due to the absence of granulocytes,’, 
presented the appearance of a pulmonary edema rather than a pneumonic/process. -Marrow- 
removed hy sternal puncture immediately after death and from the femur and Vib9^y,autdpsy^- 
showed a complete lack of granular cells. Several myeloblasts were present, but‘io evidence 
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of any maturation of these cells was found. There did not appear to be any change in the 
character of the erythrocytic series or arrest in their development. The thrombocytes ^vere 
unaltered. 

On admission the leucocyte count of the patient was only 8,700, and during liis illneis 
only one count was obtained above 9,000. There was no significant decline in hemoglobin or 
erythrocyte levels. He developed a rash ten days before his agranulocytosis. The total dosage 
of So gm. was given over a 16.5 day period, with an average of a.l gm. daily. The higliesl 
blood levels reached were 26.3 mg. per 100 per cent total, 13.8 free, and 12.5 conjugated. At 
this time he had a high level of the conjugated form, which is thought by some workers to 
be more toxic than the free. This phase of the scries is fully covered in a paper by Brown. 
Thornton, and lVilson,i which is now in the process of publication. This patient reccheil 
the second greatest total amount of the drug of any of this series, though his average daily 
intake was not as high as the average for tlie whole group. While his blood levels were quite 
high initially when the doses were larger, his later figures were comparatively low. 


The small series of agraniiloe.ytosis here presented shows that large dascs 
were given over a comparatively long period of time before onset of the fatal 
condition. Without attempting to present a complete analysis of these eases, 
it seems apparent that the type, virulence, and extent of bacterial infection 
are the factors which determine tlie liigh dosage required to prowde adequate 
chemotherapy. That the drug may have definite toxic effects on the develop- 
ment of the granular leucoejTes is obvious. The onset of leucopenia, as preu- 
ously shovm, is not of necessity related to the intake of the drug, but it seems 
that agranulocytosis may develop with doses above 50 gm. As further reports 
are published, it is probable that this condition will be found to develop uith 
smaller total doses, since it appears that there must he, as revealed by our serie.i 
of lencopenic eases, an individual susceptibility of certain patients to the toxic 
effects of the drug. It is hoped that with the acciimiilation of data, more definite 
knowledge of the toxic properties of snlfapyridine may be obtained. Until an 
improved method of determining deletei’ious effects on tlie neutropliile senes 
is found, it is considered necessary to do daily leucocjde counts and discontinue 
the drug immediately upon the appearance of leucopenia. 


SUJIJIARY 

The number of cases included in this study is admittedly small, and it ^ 
probably inopportune to attempt to draw any concrete conclusions fioni ^ 
group of this size. It is hoped, howevmr, that our results, taken in conjune 
with those of other workers, will assist in revealing the possible toxic c 
of the drug upon the hematopoietic sj'stem. 

Of 35 patients with a persistent leucocytosis after the tliiid 
suKapjwidine therapy, 65 per cent had a demonstrable complicating factob 
of these, 46 per cent were pulmonary in character. . ^j. 

Snlfapyridine did not produce any significant decline in liemOn o 
erythrocjde levels. _ 

Leucopenia developed in 8 out of 76 cases, approximatelj ,, j^qOOO; 
There was a relative lymphocytosis when the total leucocyte count e ^ 
below this level the cells of both the lymphocytic and graniilai' 
reduced in total number, with the relative lymphocytosis being mai 
There were no significant changes in cell characteristics. 
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Tiie ieiicopenia did not seem to be related to age, sex, causative organism, 
dosage, or blood levels oC the drug. It appears evident that patients u-ith low 
initial leucocyte counts arc nuieb more liable to leucopenia. 

A ease of sulfapyridine-treated bcmolytic streptococcal pneumonia, which 
developed a fatal agranulocytosis, is reported in detail. It seems evident that, 
until more complete knowledge of. the drug is obtained, daily hematologic exam- 
inations are necessary so that with the development of leucopenia, the drug may 
he immediately discontimicd before agranulocytosis may supervene. 
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A STADUi: ADRENAL CORTICAL EXTRACT^ 


R. J. SCHACHTER, CHICAGO, ILL. 


A drenal cortical extracts have been prepared by various workers.''^ 
^ When freshly prepared, the extracts of Hartman and Swingle and 
Pfiffner were found successful in prolonging the life of adrenalectomized 
animals by various workers.®'^ but the potency of these extracts is rapidly 
diminished even at icebox temperatures, so that by the end of two to three 
weeks these extracts are found to be ineffective. Jlore recently, Cartland 
and Kuizenga® reported a method of preparing adrenal cortical extracts 
which they claim remain stable for longer periods. 

This paper describes a method of preparing an adrenal cortical extract, 
which tends to retain its potency upon standing at room temperature for at 
least eighteen months. 

METHOD 

Whole adrenal glands from freshly slaughtered cattle, collected on the 
floor of the abattoir, are chilled in carbon dioxide iec and immediately brought 
^tho l aboratoiy -wliere they are finely gi-ound in a meat chopper. Each pound 

*From the Department of Physiology, University ot Cliicago, Chicago. 

Received for publication, April 10, 1939. 



282 


THE JOURNAL OF LABORATORY AND CLINICAL JIEDICINE 


of gland is placed in one liter of 95 per cent alcohol and shaken in a me- 
chanical shaker from sixteen to twenty hours, as originally described In- 
Hartman.” The glands are then pressed in an ordinary wine press through 
a dish towel. The residue is discarded, though it may, however, be re-e.x- 
tracted with 80 per cent alcohol, using one liter per pound of gland, and again 
shaking as described above. The second extraction adds 10 to 15 per cent 
to the potency of the final extract. The alcoholic extracts are filtered ami 
evaporated in vacuo at 45° C. (The insertion of a capillary tube, provided 
with a ruliber tubing and a screw clamp into the rubber stopper, effectually 
prevents foaming during evaporation and also oxidizes the adrenalin. By ad- 
.lusting the screw clamp, enough air is admitted to break up the films and yd 
maintain sufficient negative pressure to insure rapid distillation.) The 
aqueous sludge, which remains after the alcohol is evaporated, is washed with 
equal volumes of benzol until the last washing of benzol is colorless. Usually 
four to six washings are sufficient. The aqueous sludge is discarded. The 
benzol portion is evmporated in vacuo to a thick paste. The residue is dis- 
solved in 70 per cent alcohol, using 100 c.c. of alcohol for each pound of origi- 
nal gland. The alcoholic extract is placed for at least twelve hours in an 
icebox 4 to 6° C. A heavy, dark precipitate is brought down, which can be 
separated by filtering in the icebox. This precipitate, which melts at room 
temperature, is very toxic to dogs and rats. The alcoholic filtrate is Iben 
evaporated in vacuo, and when the alcohol has evaporated, the aqueous portion 
is again washed with equal volumes of benzol until the benzol is colorless. 
Usually three to five washings are sufficient. The aqueous portion is dis- 
carded. The benzol is evaporated to dryness, and the residue is dissolved ni 
70 per cent alcohol, using 50 c.c. of alcohol for each pound of original glandi 
the alcohol is again placed overnight in the icebox. The process of ivashiiir 
the aqueous portion with benzol, and redissolving in 70 per cent alcohol am 
placing in the icebox as just described is repeated until no more precipita c 
is formed. When the preeijiitate is no longer formed from standing oicr 
night in the icebox, the aqueous portion is washed with benzol, which ’*' *'*' 'j 
is evaporated to dryness. The residue is dissolved in 95 per cent alco o 
(10 c.c. per pound of original gland) and this again is evapoi’ated to 
The residue is extracted in 20 per cent alcohol for thirty to forty minu 
The amount of 20 per cent alcohol used in the last extraction may be laoe^^ 
according to the concentration one desires. The final extraction 
through a Seitz filter. (The plates of the Seitz filter are alkaline, 

11 ; therefore, it is best to wash the plates with 100 c.c. of 6 per cent ac 
acid, and wash the acid out with 400 c.c. of water.) The final extrac 


a clear light yellow color. 

The 20 per cent alcoholic extract is miscible with any volume of 
alcohol. In this work, enough alcohol was added to make it 50 pei 
volume and kept at room temperature from one to eighteen months. ^ 
using the 50 per cent alcoholic extract, the extract was diluted to a con 
tion of 10 per cent alcohol ; however, when the 20 per cent alcoho ic c- 


is used, it may be injected without dilution. 
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The final extraction may lie made rvlin rvater, but in the aqueous state 
the extract is not stable. 


OHKJIICAI. ANALYSIS 

No detailed and exhaustive ehemieal analyse.s have been made on the 
extract. 

The extract is free from nitrogen. The adrenalin content must be very 
low, for 5 c.c. of extract injected intravenously has no effect on the blood 
pressure of cats anesthetized with ether. 

Eagle,'” who has found considerable quantities of choline in adrenal 
cortical extracts xirepared accoi’ding to methods of other workers, found 1.8 
and 1.2 gamma iier c.c. of choline in two samiiles of this extract. 

JIKTHOU OP ASS.VYING 

Dogs, apparently noi'iiial, were adreiialeetomizeil in two stages. Tlie 
animals were kept on tlie same diet before and after surgery. The diet con- 
sisted of ground meat mixed with bread and bone meal (the standard diet 
used in this Inhoratory). The dogs were fed once a day Water was always 
present in their cages. 

Subcutaneous in.ieotions of extract were started on the second day after 
the second adrenal gland was removed. U was found that dogs survived 
better under this regime than they did when the extract was started when 
definite symiUoms of adrenal insuflficieney were in evidence. The injections 
of the extract were continued ten to twelve days and then withdrawn. 
When symptoms of adrenal insufficiency set in, the administration of the ex- 
tract was resumed and continued until the animal aiuieared normal. Again 
the extract was withdrawn. When the dog showed signs of adrenal in- 
sufficiency, injections of the extract were again resumed and continued until 
the animal was aiiparcntly normal. Final withdrawal of extract led to speedy 
c.xitus. 

A necropsy was performed on each dog. Jlacroscopic examination never 
revealed any remains of adrenal cortical tissue. 

An effectiv'e dose was considered one vv'hich would keep the animal not 
only alive, but obviously in good jihy'sical condition. It vv'as found that not 
every hatch of glands extracted yielded the same potency on the same dog; 
nor were the requirements of each dog per kilogram of body weight the same. 
For example. Dog 30, weighing 9.4 kg., required 5 c.c. of extract 128, while 
Dog 4, weighing 12 kg., required 10 c.c. of the same extract to keep it in good 
condition, Using extract 131, Dog 30 required 10 c.c. per day to keep it in 
good condition, in contrast to 5 c.c. of extract 128. Both extracts represented 
the same amount of whole adrenal gland per cuhic centimeter of extract, 
namely, 45 gm. of fresh gland. 

In all, 29 dogs were used in this work, 10 of which were used as controls 
to note the survival period of bilaterally adrenaleetomized dogs without 
therapy, and 19 were treated witli e.\tract. Tlie survival period of the con- 
trol dogs w,as, on the average, four days. The longest survival period was 
five days, and tlie sliortost, two days. The treated animals were permitted 
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to live on the average for twenty-three days. The longest period a treated 
dog was permitted to live was thirty-two days, and the shortest period, twenty- 
one days. In this group, each dog had adrenal insufficiency at least twice 
and recovered with extract therapy. Final withdrawal of extract caused 
death within four days. 

Following is a protocol of a typical experiment. 

Dec. 21, Benioved right adrenal. 

Peb. 9, Bemoved left adrenal. 

Feb. 11, Dog did not stand up and did not eat. Injected 10 e.c. extract 107B. 

Feb. 12, Dog stood up and ate its food. Injected 10 c.c. of 107B. 

Peb. 13, Dog was in fine condition. Injected 8 e.c. of 107B. 

Feb. 14, Dog was in fine condition; ran around and was very active. Injected 8 c.c. of 107B. 

Feb. 15, Dog was in fine condition. Injected 12 c.c. of 107B2. 

Feb. 16, Dog was in fine condition. Injected 12 c.c. of 128. 

Feb. 17, Dog was in fine condition. Injected 10 c.e. of 128. 

Feb. 18, Dog was in fine condition. Injected 6 e.c. of 128. 

Feb. 19, Dog was in fair condition. It was not as active as on previous days. Injected 10 
c.e. of 128. 

Feb. 20, Dog was in good condition, and was again very active. Injected 10 c.c. of 128. 

Feb. 21, Dog was in fine condition. Injected 10 c.e. of 128. This dog was among other doj; 

and a fight ensued in which this dog also participated. In the evening it was very 
weak. Injected an additional 10 e.c. of 128. 

Peb. 22, Dog was able to run around and appeared to be in good condition. Injected C c.c. 
of 128. 

Feb. 23, Dog was in fair condition. No extract administered. 

Feb. 24, Dog was in fairly good condition, did not eat all of its food, and vomited. hoW' 
tract was administered. 

Feb. 25. In tire morning the dog was able to walk around. In the evening its go't "S* 
staggering and it was unable to climb into its cage. No extract was administcrc • 
Feb.26, At 6 .\.m. the dog was unable to starrd up; it vomited the little food it 

Injected 15 c.c. of extract 128. At 12 :40 p.m. the dog was able to rise an rta 
a little. Injected an additional 5 c.c. of 128. At 8 p.ji. the dog was able o 
around, appeared to be in excellent condition, and ate its food. 

Feb. 27, Dog was in excellent condition. Injected 5 c.c. of 128. . , verv 

Feb. 28, In the morning the dog was in excellent condition, but in the evening it wa. 

lethargic. No extract was administered. p c d 

March 1, Dog had a staggering gait so tj'pieal of adrenal insufficiency, injeefe 
extract 109BHO. 

hlarch 2, Dog was in excellent condition. No extract was administered. 

March 3, Dog was lethargic and refused to eat. No extract was administered. 

March 4, In the morning the dog was unable to walk; it was very unresponsive a -M 
the evening it had convulsions, 
ilarch 5, Dog died in the morning. 

At necropsy no visible adrenal cortical tissue was found. Tiie gut nas 
otherwise there were no visible changes. 


DISCUSSION 

The method here outlined differs essentially from other methods 
paring adrenal cortical extract, by the use of only two extractives, 
and benzol (both being relatively inexpensive). The 
removing adrenalin by adsorption to permutit of Swingle and 
is eliminated. Tlie shaking during the extraction and the adnuss’*’" 
during the evaporation oxidizes the adrenalin. 
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Almost any lii)oi(l solvent may bo substituted for the alcohol and benzol; 
there is no advantajire as far as potenc 3 ’ is coJicerncd. and the cost of most 
other solvents, such as acetone, chloroform, and ether, is greater. Although 
the final extraction is made with alcohol, the potent alcoholic extract can 
he diluted with water or ph.ysiologic saline in all proportions; thus, one maj' 
avoid any damage to tissues following injections. Repeated subcutaneous 
injections of 20 per cent alcohol in dogs caused no demonstrable deleterious 
effects. 

Although other workers’*" kept adrenalectomizcd dogs and cats alive 
for longer periods than we did, the repeated sj’mptoms of adrenal insufficiency 
which occurred when the extract was withdrawn and the recoveiy upon re- 
sumption of administration of extract, show that the extract is able to keep 
adrenalecfomized animals alive. Tiiere is no reason to doubt that dogs would 
not have lived indefinitelj* were the administration of extract continued. 

SmrMARY 

A new method of prej)aring adrenal cortical extract, wliich is stable for at 
least eigliteen months and free from protein, is described. 

I lierewlth wish to thank Dr. Carlson for his constant li«Ip .md ppitinent advice through- 
out this work. 


REFERENCES 

1. Rogoff, J. 31., and Stewart, G. N.: The Influence of Adrenal Extinct on the Survival 

Period of Adrcnalectoiuized Dogs, Am. .T. Physiol. 84: (ifio, l!)28. 

2. Hartman, F. A., Brownell, K. A., and Hartman, W. E.: A f’urther Study of the 

Hormone of tlie Adrenal Cortex, Am. J. Physiol. 95: 070, 1930. ^ 

3. Swingle, W. \V., and PfilTner, J. J.: Studic.s on the Adrennl Cortex, Am. J. Physiol. 

96: 153, 1931. 

4. Grollnian, A., and Firor, W. M.: Studlc> on the Adrenal. Preparation of Active Extract 

of Hormone of Adrenal Cortex, J. Biol. Chem. 100: 429, 1933. 

5. Harrop, G. A., SolTcr, L. J., Ellsworth, K., and Trencher, J. H : Studies on the Supra- 

renal Cortex, J. Exper. Hed. 58: 17, 193.3. 

6. Kendall, E. C.: Suprarenal Cortical Hormone, Alinncsota Med. 18: 71, 1935. 

7. Allers, W. D.; The Influence of Diet and Mineral Metabolism on Dogs After Supra- 

renalectomy, Proc. Staff Meet. Jfavo Clin. 10: 406, lOS.j. 

8. Cartland, G. F., and Kuizenga, JL H.': The Preparation of Extracts Containing the 

Adrenal Cortical Hormone, J. Biol. Chem. 116: 57, 3936. 
lA F. A.: Personal communication. ^ x .. t> 

10. Eagle, E.: Presence and Significance of Choline in Corticoadrenal Extract, Jrroc. 

Soc. Exper. Biol. & hied. 30: 1094, 3933. . ^ t 

11. Swingle, W. W., and Pfiffner, J. J.: Studies on the Adrenal Cortex, Am. J. Physiol. 

98: 144, 1931. 



PERSISTENCE OF INFECTION AVITH GIARDIA INTESTINALIS 

IN MAN*' 


Dorothy AV. AIiles, M.A., and James T. Culbertson, Ph.D., New York, N. Y, 


H uman infections with the intestinal flagellate, Giardia iniestinalis, are 
of somewhat common occurrence, and are occasionallj' observed under 
circumstances which strongly suggest that the parasite is responsible for dis- 
ease in the small intestine or gall bladder. As yet, however, the causal rela- 
tionship of Giardia to either pathologj’^ or symptoms in man has not been estab- 
lished. Often the parasite is difficult to eliminate from one who harbors it, 
and infections may persist in the presence or absence of symptoms for long 
periods. Such a case of lorolonged infection, with occasionally distressing 
symptoms, has come to our attention, and, in the present paper, we shall present 
some significant points of the history and other facts concerning it. 

History. — AAUien the infection was first determined, the patient was a stu- 
dent in a parasitology class at the Universitj' of California, Los Angeles. She 
was suffering from a severe diarrhea during March of that year (1934) and, on 
examining her own stool, observed both motile forms and cysts of Giardia in- 
testinalis. Her observations and identifications were corroborated by the in- 
structor of the class, Dr. Gordon Ball. About eighteen months later, during 
the summer of 1936, the patient suffered a very distressing intestinal upset 
lasting six weeks, with blood appearing in the diarrheic stools. In spite of enic- 
ful study and search by the attendant phj’^sieian, no specific cause for thesunp- 
toms could be found, although Giardia was again proved to be present. Cm- 
barsone was administered as treatment to eliminate the protozoan, and, a 
though the number of parasites was temporarilj' reduced thereafter, the foims 
never entirely disappeared and soon became as numerous as they had )C® 
originally'. Eventually the intestinal condition improved, although no 
reason for the improvement could be ascertained. A few months latei ' 
patient moved to New A^ork City', and in February, 1937, we found )o^' 
trophozoites and cysts of Giardia. In January, 1938, and again m 
1939, we again observed the cysts of the parasite in the formed 
patient. They were numerous, and unquestionably cy'sts of Giardia, as ,iu 
by' examination of Ijoth a fresh saline emulsion of the feces and an emu sion 


which iodine had been added. 

Symptoms. — The patient occasionally suffers from intestinal 
with more or less severe diarrhea and epigastric pain before 
tween meals during the day. The attacks are most intense in '"'’jpjjif 

summer months. Sometimes blood appears in the stools. At such 
specimens of Giardia can be observed in the stools, although Irntwcen ■ 
tacks, Giardia c.vsts alone have been found. The motile forms can be r c 


forth at will, nevertheless, by' tlie administration of a purgative. 

♦From the Department of Bacteriology, College of Physicians and Surgeon. 
University, New York. 


Collin’*’'^ 


Received for publication. May 1, 1939. 
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COMMENT 

It is neither a.ssunied nor suggested liiat Giavdia intestimlis is the cause of 
the s.vini)toms described in the ease presented. 'Wenyon lias pointed out that 
“blood never occurs in pure Oi(it\Ga infections,” and blood was found in the 
stools of this patient during the periods of intense diarrhea. Although no 
other agent wliicli inigiit cause llii.s condition has been determined, we, never- 
theless, leave ojicn the question of the causal relationsliip of the parasite. This 
ease lias been reported only because of tlie long persistence of proved infection 
with the parasite, Ginnlin intcsiinalis. 

It is not definitely known whether tlic patient represents a single pro- 
longed infection or a succession of reinfect ion.s, although there seems greater 
likelihood for tlie former. Tliis is indicated not only by the fact tliat tlie patient is 
of the upper social strata and lives under good hygienic and sanitary conditions, 
hut also l)y the infection persisting after a nia.|or geographic shift — from the 
West to the East Coast. If it is true that this ease docs represent a single pro- 
longed infection, then tliorc appears to be a distinct difference between the 
duration of infection in this ca.se with Giurdin int(sli)utUs and the infection of 
rats with Giardia muris. Ilogncr has demonstrated cx})erjmcnla)ly that rats lose 
their Guirdin infections in about five months if reinfection is ))revented. In his 
experiments, 20 rats kejit in cnge.s with a screen bottom so that fecal pellets 
fell through were free of their original infection in about five month.s. Nine- 
teen of 20 control rats kept in a cage with shavinns wore found still infected 
after this interval. In contrast with this result m rats, the prc.scnt ease has 
harbored the human inirnsltc for over five years and show.s great promi.se of 
continuing to do so for an indefinite period. 

SUMMARY 

A case Is reported of prolonged infection of a patient witli Gmrdia hi- 
tcsHnalis, the parasite having been observed in tiic stools at intervals over a 
period of five years. It is noted that the persistence of this parasite in man may 
he distinctly greater than that of a related form, Giurdia tmiris, in rats, since 
rats arc found experimentally to lose their infection within five months if 
reinfection is prevented, 
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LABORATORY METHODS 


THE DETBEMINATION OP UKEA IN BLOOD AND UKINK 
BY CONWAY UNITS'* 


Kurt Steinitz, M.D., Istanbul, Turkey 


described the methods commonly iisecl for the 

simnlfo r compared them as to aceuraev and 

W f, 1937, issue of this Journal. Althongh mst of 

these methods gave efficient results, I would like to draw attention to a method 
1 may e called the “Columbus egg” of the methods for the deternmia- 
tion of urea. It is the modified method of Conway.= 

mrav ® ^ large scale the Conway method has many advantages 

. . met rods ; (1) Only 0.2 c.c. blood or plasma are required for one 

. • ^ method is the most accurate of all methods and is about 

ee as exact as Van Sljdce’s mauometric procedure B.® If 0.5 c.c. blood 
it Kirk s very exact results can be exceeded in accuracy, and 

aim ^ deteimine the blood urea eonceutration with an accuracy of 

vpi +T large number of determinations can con- 

. ® accomplished simultaneously, the average time taken for on? 

a ion emg about four to six minutes. By suitable arrangement tlif 
c ion 0 the urease causes no loss of time at all. The diffusion proceeds 
‘iT super vision. (4) By AbclinV modification the standard mineral 
me 01 t le receptiou of the ammonia is replaced by boric acid, and the 
B- ] hoi ate is titrated directlyi^ with a standard mineral acid (viZ'i 
\ . - standard alkali solution is replaced thus b.y the stable stand- 

j, . 1 datively strong boric acid in the receiver absorbs also abnor- 

" ® ^ ammonia and, therefore, a special procedure for high 

^ ues IS unnecessary, Por the same reason the estimation of ® 
urine can he mnrm _ _ . . 


. i,. uje same reason tiie estimauon 

® with the same solutions, and the anatyses of blood aad 

uiine can be performed simultaneously. (5) If only the U:P ratio and aol 
le a so ute urea values are required, the titration can be made with a 

iioiistandfnvli^-ori XI _ . _ - ,. of 


^ 'dines are required, the titration can be niacie 

iioiistandardizecl acid, the U:P ratio being calculated by simple dinsiou 

the titration values. (6) This method can be learned easily and makes clean 
and mnet. ivr>vlri‘«,x , . , . 


; limited 


, . : metnoa can be learned easily ana m.uv<. 

q e V 01 king possible. The expense involved by the method is ' 
to not much more than the piu-chase of the Conway units, the cost of thf 
re^ts being very modest. 

Istanbuu'^”™ Department of Internal Medicine of Istanbul University. Guraba 
Received for publication, December 14. 1938. 
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It is obvious that a inetliod u’ith these advantages of accuracy and velocity 
is very suitable for scientific work and for everyday laboratory practice. In 
our clinic we have used this mctliod for two years with the most satisfactory 
results for the determination of the urea clearance, and have saved much time 
in so doing. The introduction of the boric acid as an absorbing acid is a 
further step in the simplification of the method. 

principle 

The principle of tlie Conway unit* consist.*; in the diffusion of the am- 
monia formed from urea and liberated in tlic outer chamber of the very simple 
apparatus into the boric acid absorption solution in the inner chamber. Under 
the prescribed conditions the absorption is completed within one hour at 38° C. 
The ammonium borate is directly titrated with sulfuric or hydrochloric acid 
with a Conway microburette.® For the exact measures and figures of these 
apparatus see Conway’s original papers.-'® 


REAGENTS 


1. The fixative for the gla.ss lid: 40 to 50 gm. solid paraffin are melted 
with 80 c.c. liquid paraffin. 

2. One per cent boric acid in distilled wnter.f 

3. Mixed indicator: 1 part 0,2 per cent methyl red in alcoliol and 1 part 
0.1 per cent methylene blue in alcohol. 

4. Urease solution; Per unit 20 mg. highly active urease (Arlco urease) 
arc dissolved in 0.5 c.c. water and 0.02 c.c. of the phosphate solution is addec . 
The amount required is freshly prepared every day In our practice the urea.se 
solution in 50 per cent glycerol (Sabine’^) showed ammonia formation aftei 
some days. The phosphate solution coiitain.s 6.9 gm. Nan 2 P 04 + 2 II 2 O and 
17.9 gm. Na 2 HP 04 + 12HoO. 

5. A saturated potassium carbonate solution is boiled vigorousl} fox 
twenty minutes, and the evaporated water is replaced. On cooling, crystals 
should be formed. 

6. 0.01 N sulfuric acid in carbon dioxide— free water. Cleaning of tlie 
units : After use the units arc washed iu a hot water current with soap an 
a hand brush; they are tlien stored in a weak acid containing some indicator. 
Before use they are washed several times with distilled water and are left to 
dry ill tlie air. 


PROCEDURE 

The required nximber of units and two more for the blank analyses aie 
dried. Tlie glass lids are smeared with fixative. A sufficient amount of the 
boric acid is boiled for one minute to drive out the carbonic acid, and one 
drop of the indicator solution is added per cubic centimeter of solution. One 
cubic centimeter of the warm acid is put into the inner chamber of each 


w 'The original pyrex glass Conway unit Is available from A. GaUonkamp. Finsburj' Sauare. 
Borsook^ recommends locally made units of glased poTce^ain. 
lOne per cent horit; used instead of the 2 per cent proposed by AUfUn. The col 


chanf-i » .P®*' cent boric add Is used Instead of the 2 per cent propost 
indicator in 2 per cent boric acid i& not ^’e^y sensitne. 
ser polyborlc acids are present (KoithofP). 


in this concentration 
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unit, aud the lid is closed. The color of the solution must be the same in all 
units and yevy near to the changing point of the indicator. The lid is dis- 
lilaced horizontally and 0.2 c.c. of blood or plasma is delivered from an 
Ostrvald pipette into the outer chamber, then the lid is closed again. Oiie-lialf 
cubic centimeter of the urease solution is now added in the same way into the 
outer chamber, the cover lid closed and the unit gently rotated several times to 
mix the blood and the urease solution. The action of the urease is completed in 
one minute. When the urease is added to the fourth unit, the action of the 
urease is already completed in the first unit, so that it is not necessary to 
spend time waiting for the fermentation. 



Fig. 1. 


The unit is now slightly tilted to collect the fluid at one side of the 
chamber. The cover is now displaced so far as to allow the introduction of 
1 c.c. of the potassium carbonate into the opposite side of the outer cliamber. 
The carbonate is introduced with a loipette with a rather rvide opening, no 
error of 10 per cent in the fluid volume being rvithout any effect. An anto- 
matic pipette is most practicable in delivering the carbonate. After quichl) 
replacing the lid, the unit is gently rotated ten times and then placed in an 
incubator at 38° C. for one hour or left at room temperature for one honi and 
a half. Care must be taken that the lid does not move during the pla«»f 
into the incubator. The blank analy.ses are treated in the same manner. 

Five cubic centimeters of ten times diluted urine are .shaken for fiienin 
utes wdth 1 gm. permutit. Trvo-tenths cubic centimeter of the supernatan^ 
urine dilution are taken for analysis and treated exactly in the same ua.i 
the blood. 

The color of the indicator changes to green during the period of tiic ( ^ 
fusion. The titration is carried out most conv'eniently rvitli the Conn a.' 
burette.® The tip of the burette is emerged during the titration. The 
is continued until the red color does not grorv any darker. With a lid 
tice this color end point is found easily and the titration values of < 
determinations check wdthin 0 to 1 mm. of the burette graduation. 


CALCULATION 

A is the number of millimeters of 0.04 normal sulfuric acid required to (lU'iF 
unknown, 

B is tUe millimeters required to titrate the blank. 

ImuF. 0.04 N H.SO, = 0.2S nig. per cent urea nitrogen in blow' 

ImnU. 0.04 K H.SO^ = 2.80 mg. per cent urea nitrogen m ur*" 


tb’ 
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(J) If it is known tliat J mm. of the burette corre^pon(l'» to x mm3, of sulfuric acid, 
the following calculation is made: 

(A - B) X X 0.28 = mg. per cent men nitrogen in blood 
(A - B) XXX 2.80 = mg. per cent urea nitjogen in urine 
(2) If the volume of 1 mm. of the burette is? not known, 500 mm. of the sulfuric acid 
are measured and titrated iodomctrically A\ith y c.e. 0,(>05 normal thiosulfate solution. 


(A - B) X y X 0.07 = mg. per cent uiea nitrogen in blood 
(A - B) X y X 0.7 = mg. i)cr cent urea nitrogen in urine 
^ 10 (A - B) urine 

(o) TI.c U;P ratio is — p-^rB)-uS^ 


SUJIMARY 

The advantages of the determinatioii of iimi by tlie Conway unit are snm- 
iiiarized and tJic teelinique is briefly described. Jt is a inicrometliocl with very 
great accuracy, and a large number of analy.ses can be done simultaneously, 
the average time for one estimation being only four to six minutes. 
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A PRACTICAL TIIEliJIOELBCTRIC TltERMOMETER FOR CLINICAL 
measurement op skin surface TEMPERATURES'^ 


CAimoLL J. Belus, M.D., Pn.D., and JIaloolm M Cook, JI.D. 
J\riNNCAPObIS, j\IlNN 


T recently the clinical measurement of .skin surface temperature has 

^ been relegated to the group of tests utilized comparatively rarely. 'Whether 
this was due to inconvenient or inaccurate methods, or to a seeming lack of im- 
portance, cannot be said, but it is becoming increasingly evident that determi- 
nation of skin temperatures often facilitates diagnosis and charting the piog- 
ress of certain di.seases. 

H'® Departments of Surserj- ami R.icliolofr>' ftnd Phjsical Ther.apy. University of 
‘Unnesota Medical School. Minneapolis 
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Physical measurements, such as these, are important in the treatment of 
thromboangiitis obliterans, vasomotor neuroses, such as KajuiaucPs disease 
(Brown^’ ”) , arteriovenous fistula, peripheral embolism, and inflammations of 
the extremities. The beneficial effects of elevation and rigid immobilization in 
plaster easts of inflamed extremities, the skin temperatures being one of tlie 
indices of healing, have been summarized bj'' Wangensteen.'^’ ® 


SKIN TEMPERATURE JIEASURBMENT 

Seebeck in 1821 noticed that if a circuit is formed composed of two wires 
of different metals joined together at their ends, and if the junctions were at 
different temperatures, a thennoelectric current, proportional (to a certain 
point) to the difference in temperatures of the junctions, ivould flow in the 
circuit and could be measured by an interposed galvanometer. Kunlcel' 
apparently was the flr.st to use a thermocouple for measurement of Ininian 
skin temperature. 

Since the bulb expansion type of thermometer has been largely discarded 
for skin surface temperature measurement, the electrical resistance tlieraiom- 
eter (Soderstrom®) and the I’adiometer (Hardy®) have been subjected to ex- 
cellent refinements, but the thermocouple (Sheard and Williams") retains the 
advantage of convenience, especially when used with one of the bronze wire 
double suspension galvanometers having sufficient sensitivity for use nith 
thermocouple currents but being rugged enough to be cai-ried about without 
locking the rotor. 

Generally, contact methods of measuring skin temperature are inlierentlj 
inaccurate because: (1) heat conduction betxveen the thermometer and con 
tiguous skin area will alter the reading unless the thermometer tip and s 'in 
ai-e at the same temperature at the moment of contact; (2) the envirownenW 
air temperatui'e affects the temperature of the uncovered contact tip, on 
(3) covering of the contact tip by a shielding or insulating luateiial « 
the heat equilibrium of the covered skin, changing the actual tempeio i 
at that point. . 

The above sources of error are held to a minimum by a propcrlj 
skin thermometer having sufficient accuracy for clinical observation, i ' 
for exact quantitative measurements, by (1) keeping the mass of the con 
tip very low so conduction error is negligible; (2) using an anaeiobic ip 

thermometer designed "i 


contact -with the skin; and (3) employing a 


ading, pf' 


very low lag; namel}', one which gives an almost instantaneous ie< 
mitting movement of the tip along the skin, maintaining its contact. 

In the routine measurement of skin surface temperature for climca 
poses in the Thiiversity Hospital, we have used a portable jlie 

galvanometer, accurately calibrated, which comes nearest to ful 
above requirements, the galvanometer reacting almost instantaneous \ 
peraturc changes in the tip. The apparatus, which is much moie 
than clinical use necessitates, is compactly fitted into a box w R® ‘ 
veniently carried about by hand (Fig- 1). . 2 lis' 

The simple thermocouple junction applicator diagrammed m 
adequately met the technical conditions outlined and has pro\cf 
isfactory in diagnostic work. It consists of a piece of pernaninico 
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(any liiglily cellular substance -vvoiiltl be adequate), ineasurino- 8 by 1.5 by 
1.5 cm. One end is beveled to permit its being apjdied at an angle, and a 
hole 4 cm. in depth of sufficient diameter just to accommodate the rubber 
sheath for the thermocouple vire.s is bored from the rectangular surface to 
the beveled end. 



riff. 1.— Portable thernioelectrlo. skin temperature cabinet, slionnn^ manner of apjilj-mg M.irni 

Junction. 



Fig. 2. — Diagram of warm Junction applicator. 


Tile previously soldered tips of the tliennocouple wires (2 3GG copper and 
4 3CG constantan) are threaded ou a Keith abdominal needle and carried 
through the tunnel and remaining 4 cm. of wood to tlie beveled end. The 
concave surface of a pounded silver foil cup, 4 mm. in diameter and 1 mm. 
‘^oop, is soldered lightly to the wire junction, and the tvires are drawn taut 
to bring tile cup snugly against the end of the applicator. By making the 
tip of such negligible mass, temperature equilibrium is attained almost in- 
stantlj-, the couve.v surface of tlie tip permitting its rapid movement along 
the skin from point to point. 
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The rate of equilibrium with room air at 27° C. of the warm junction 
after being exposed to a skin temperature of 34° G. is plotted in Fi" 3, 
galvanometer readings being taken every ten seconds. It will he seen tlmt 
an exponential form of curve is obtained, a drop of over 3 degrees beiii|; 
obtained in the first ten seconds, thermal equilibrium having obtained in shty 
seconds. For ordinary skin temperature measurements, where adjacent areas 
vary within 2 or 3 degrees, readings may be taken within five seconds after 
the junction is applied. Elevation of the ivarm junction temperature from a 
room temperature of 27° C. to a skin surface temperature of 34° C. takes 
place within ten seconds. 



* . t 1 • ♦ C 

Fig. 3. — Rate of warm junction temperature fall after application to sKin m ^ 

temperature 27°. 

SUMMARY AND CONCLUSIONS 

The importance of skin surface temperature measurements in 
gieal conditions has been pointed out. Data so obtained are helpful m < 
nosis and evaluation of treatment in thromboangiitis obliterans, neinoiasc 
diseases, arteriovenous fistula, embolism, and inflammations. 

A new form of warm junction applicator for use with a liandy, 1^°' 
thermoelectric thermometer is described for routine clinical 
of skin .surface temperatures, the deidce being offered to meet the ee 
objections attending tlie use of contact methods. 

of 

Gr.'iteful appreciation is extendeO to Dr. Irwin Vieness, of tlw Dcpartn'l"' "pparaW?- 
whose interest and cooperation was largely responsible for the construction 
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PIIOTOELKCTRIC PLETIIYS:\IOGRAPJiy OF AXDIAL TISSUES'^ 


Ai.itrcK B. IIertzmax, Pii.D., and .Iohx B. Dillox, B.S. 
St. Louis, Mo. 


S EVERAL photoelectric pletliysmogriiphs Iltvc been described for the study 
of vascular reactions iu the animal, notably in the rabbit’s ear.^- - The 
application of the idea of photoelectric plethyMnogrnphy to the study of the 
peripheral circulation iu luaiF*^ met with such nucccj).s tliat it seemed worth 
while to explore further its possibilitie.s in the iuunial Tlie technique de- 
scribed below was suggested by the method dc\eloi><*d for the iia.sal septum.® 
It has the advantage, s of extremely high sensith ity, freedom Ironi inertia and 
consequent distortion, ease of application of the plethysmograph, and relief from 
the irritation and errors as.sociated witli the mechanical type of plethysmograph. 

The validity of the photoelectric plethysmogram and the sources of erior 
involved have been discussed in previous papers."*’ •* 

Fig. 1 shows an arrangement of the photoelectric plotliysmograph linking 
a wide application iu animal experiments. The tissue, whose vasculai reac 
tions are to be studied, is transilUiminatcd by a pencil-type flashlight bulb. 
It is best to operate the bulb sliglitly below its rated voltage on an accumu- 
lator, to avoid a slowly shifting illumination intensity due to bulb deteriora- 
tion or falling battery voltage. Either of these shows up in the plethysmogram 
as a gradual increase in the apparent opacity of the tissue. Light ^\h^ch has 
escaped absorption in the tissue is reflected into the photocell lioushio ^ ^ 
mirror placed at the end of the tube. Although the photocell may be place ^ 
directly beneath the tissue in some instances, the use of a miiioi ac c s ^rea j 
to the convenience and flexibility of the technique. By using intercliangea e 
tubes varying iu diameter, the mechanical requirements of different sitiia ions 
may be conveniently served. ^ p 

Semiquantitation of the plethysmogram is provided b> compariUo 
changes in the plethysmogram with the deflection resulting fiom a sor in^ 

•From the Department of Physloloe>% St. Louis University School of Medicine. St Louis. 
Received for publication, April 19, 1939. 
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a fraction of tlie light with a filter. This is simply a sheet of thin glass (cover 
slip for microscope slides) on the filter carrier. During the recording of tlie 
plethysmogram, the filter carrier is qnieklj’- flipped into place, thus inserting 
the filter in the light path. The validity of this procedure has been discussed 
previously.'*' ^ Quantitation is also provided by the grid bias control described 
below. 



Pig. 1. — Photoelectric plethysmograph for animal tissues. 


Technical Daia on Am^tlificaiion . — ^Although the use of amplification eoin^ 
plicates photoelectric plethysmography, there are good reasons for eniplo.'> = 
it. Amplification eliminates the need for intense illumination with its poss 
heating effects and makes possible the use of high frequency, low sens! 
recording instruments. A suitable amplifier must be free from dn > 
provide linearity of response as well as a wide range of aniplificat^o’'' 
amplifier meeting these requirements most satisfactorily is a 2 ^^ 

Dr. H. B. Peugnet, of the standard two-stage direct coupled type 
employing 6S.J7 and 1852 tubes and deliverying 0.35 Ma. per ° 
sensitivity, a gain which allows adequate v'ariations in recording amp ' 
"When these high hlu tubes are operated at less tlian their rated 
plate and screen grid voltages, di'ift is greatly reduced. Finthei JC 

oeouple effects on ^ ® r 

first tube by building it in a separate cabinet, connected to the amp i 


of drift is obtained by eliminating thermocouple effects on the ’as 
first tube by building it in a separate cabinet, connected to the amp i 
by means of a Banana Jack. Further stability is secured after the u 
been in use for several days due to the smoothing of the ^ iron; 

giving more constant emission of electrons. The cabinets are gahaniz^^ 
all leads are shielded cable. Both are grounded. By allowing t m 
to heat for at least an hour to reach theinnal equilibrium, dri t is ^ 

4 mm. per hour on the record when the sensitivity is sufficient to gn 
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pulse wave of 1 cm. As lias been indicated above, drift on the record may 
be due to deterioration in ilUiinination wliich sliows up as apparently increas- 
ing opacity. 

The amplifier is set by balancing tlie second stage by means of its grid 
bias (GB2) witli the volume control switch (VC) off until the plate current 
reads zero. The volume control switch is then turned on, and the balancing 
is repeated by means of the grid bias of the first stage (GBl), the volume 
control being set at any desired amplification. The amplification will follow 
accurately the curve of the volume control jiotciitiometer and calibration is 
therefore possible. However, it is usiiallj' necessary to readjust tlie bias of 
the first .stage when changing amplification, particularly if the change is large. 



2 — Two-stase tUrect-coupled ampHner for photoelectric 
Photoelectric cell, cathode to grid. GBx. GBt. Grid bias controls for first and second stages. 
Osclllo-oscillograph or string galvanometer. 


The grid bias control on the first stage serves as an indicator of the input 
from the photocell and, therefore, of the changes in the intensity of the light 
reaching tlie photocell. This fact may be used instead of the filter to calibrate 
the plethysmogram in arbitrary units. TIius, bj- adjusting the volume control 
until a unit cliange in the input produces a unit deflection in the plethysmo- 
&ram, several simultaneously recorded plethj'smograms may be compared with 
respect to the size of the vascular changes. 

This amplifier may be used with recording galvanometers, such as the 
General Electric type A, G6 or G7, 'Westinghouse 877-121, or the Hindle string 
galvanometer. The latter is not as satisfactory as galvanometers with fixed 
sensitivities, since the string tension and, therefore, the sensitivity, may change 
■'vithout notice. Further, the string galvanometer requires shielding or it 
serves as a feed-back of alternating current into the system. It is important 
lo note that the shunt resistance 9 on the plate circuit of the second stage 
should have approximately the same value as the recording instrument. 
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Photoemissive cells, similar to tlie G. M. Laboratories 51A, are suitable. 
The small cells are to be preferred because of ease in manipulation. It is very 
important to shield the photocell. This is done by means of a galvanized iron 
mesh cone which fits well up on the photocell carrier which is also made of 
galvanized iron. Induction difficulties are thus avoided. 



Illustrative plethysmograms are provided in Pig'. 3 , shouhig^ffi®^^^^ 


of intravenous injections of adrenalin on the vascular areas m 
thigh muscle, and foot pad of the dog 


arw 


Vascular changes in the 


were reeorded with the skin plethysmograph^, those in the 
thigh muscle with the technique previously described. Well-known 
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and dilator notions of adrenalin are seen in these responses. It is interesting 
to note tlie strong constrictor action in the tongue despite the presence of 
striated iiuiscle. This may be related to dominant effects on the mneosa and 
on arteriovenous anastomoses -whieli have been found in the dog^s tongue. 

SUMMARY 

A description of tlie application of photoelectric plethsymography to ani- 
mal tissues is given. A suitable amplifier is designed which meets the require- 
ments of freedom from drift, linearity, and wide range of amplification. The 
technique has adequate sensitivity for tlie study of vascular reactions in such 
limited areas as the tongue, lip, eyelid, skeletal muscle, etc. It is likewise 
applicable to arteriography. 

Wc arc greatly Indeblod to Dr. H. B. Peiignet. of the Wasliington University School of 
Medicine, foi important aid In designing the nmpUfler descrihod in the papei 
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A .METHOD OF EJIPLOVJNC4 HORSE PLASMA AND HEMOGLOBIN AS 
ENRICinrENTS IN PRIMARY OONOC’OGCrS ISOLATIONS'' 


Lencre R. PriZER. B.A., New York. N. Y. 


P VER since Neisser first observed the gonococcus in 1879, many investigators 
have taken up tlie problem of a suitable medium on whieli the gonococcus 
'Would grow consistently on first culture from the luinian body. It was not 
until 1885 that Bumm^ succeeded in growing and isolating the organism on 
coagulated Immaii blood serum. Wertheim," deciding that the growth of the 
gonococcus was tied up with human blood albumin, first produced a serum 
ugar. He emulsified his culture material in luxman serum, diluted tliis emul- 
sion with more serum, then mixing this with melted agar cooled to 40° C., 
he poured plates. Kiefer- brought the culture method closer to present-day 
procedures by first pouring the serum plates and then inoculating them with 
the culture material. 

It was soon discovered,, however, that serum did not give dependable 
results, and other sources of albumin were sought. It was then that ascitic 
nnd hy drocele fluids were tried. These were also found to be of uncertain 

New Bureau of Laboratories, the Department of Health of the City of New York, 
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value. Ascitic fluid, to be of service, must be bile free, of high specific 
gravity, and sterile. When contaminated, which it often is, it is difficult to 
sterilize, since filtering it removes most of its growth-inducing substances and 
heat coagulates the albumins. It also has a tendency to grow more alkaline 
and to deteriorate on standing. Abel,^ therefore, went back to tlie use of 
blood, employing Pfeiffer influenza plates for gonococcus isolations. At first, 
human blood only was used, then rabbit blood, and finallj^ KoclP showed that 
horse blood also was suitable. 

iffanj* and various media were then elaborated and tried, and the advan- 
tages of serum and red blood cells, as enrichments, were studied. It wa.? 
found that red blood cells stimulated initial growth of gonococcus and that 
the presence of serum produced more luxuriant growths (Cole and Lloyd®). 
Animal tissues, such as beef heart and steak, were then substituted. But .since 
in the preparation of the medium a large part of the necessary growth ele- 
ments were lost because of heating and filtration, these media required other 
enrichments, such as egg (Huntoon'^) or blood. 

About 1920, the Levinthal medium, originally used for the influenza 
bacillus, came to be considered by many the most reliable medium for initial 
gonococcus isolations. This clear and colorless cooked blood agar was em- 
ployed by Galli-Valerio,® by Cohn, by Strempel,® and others. Kuys^® used it 
successfully with the addition of ascitic fluid. Later CohiP^ modified it fur- 
ther, using veal infusion agar, ascitic fluid, and a filtered, veal broth cooked 


blood extract. 

iledia enriched with blood seem to have given to many investigators the 
most consistent results. Jenkins^^- found that citrated plasma agar alone 
gave satisfactory cultures. After testing many media and elaborating a 
special agar, Tulloch^-'’ obtained the best results with initial cultures when he 
added human or rabbit plasma plus one drop of whole human blood for each 
plate. Later MarshalP‘‘ used a medium consisting of nutrient agar plus 5 to 
10 per cent precipitated human red blood cells. Also Caspei’,*” emplo.'hir 
Bieling’s method for the preparation of a pneumococcus medium, applied i 
to the gonococcus. He enriched an agar with horse blood, which was rs 
hemoly’zed by allowing a volume of blood to flow directly from the aninia 
into two volumes of sterile distilled water. More recently some inve.stigatois 
obtained satisfactory initial gonococcus growths by the use of various ® 
late agars (McLeod and co-workers,^® 1934; Carpenter and eo-workeis, 1- 
and 1938 Eeitzel and Kohl,!'-’ 1938). 

From this brief survey of the literature, the important role which 
has played in the development of vmrious gonococcus media becomes 
parent. Media in which blood was used as enrichment seem to have been 
simplest to prepare and the most reliable to use, since even dehv dratec^P^^^ 
pared agar, when enriched with it, gav'c good initial growth of the goiioe 


(Eeitzel and KohP®). 

Howev'er, the ideal medium for gonococcus isolations should be nof 
dependable and easy to prepare, but also one on which the charaeferis i 
the gonococcus colony can be easily- distinguished. It should, ° pjoi- 
colorless and transparent. In rendering blood media transparent am 
less, heating and filtering not only”^ complicate the preparation of the me 
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but also greatly reduce the essential growtli elements. As shown by the 
experiments of Torrey and Buckell,"® the growth-stimulating substances of 
red blood cells are readily absorbed by materials ordinarily used to clarify 
media. On the other hand, Thjotta and Avery-^ found that even moderate 
heating impaired the groAvth acccssoiy “V'' factor essential for the cultiva- 
tion of hemophilic bacilli. "Wright-” has also shown that overheating body fluids 
renders them inhibitory to the growtli of the pneumococcus and other organisms. 

It has been possible to prepare, in our laboratory, a simple and efficient 
medium consisting of veal infusion agar enriched with uncooked and un- 
filtered constituents of sterile citrated horse blood, namely, plasma and hemo- 
globin. The proportions for this plasma hemoglobin agar are 25 c.e. of veal 
infusion agar, 3 c.e. of sterile plasma, and 1 c.c. of clear hemoglobin in dis- 
tilled water. 

In preparing the veal infusion agar, the method described by Park and 
Williams-* is followed. 

The horse plasma is obtained b\’ decanting witli sterile precautions from 
whole citrated horse blood after the red blood cells have completely settled. 
Free hemoglobin maj’ be obtained b}’ bleeding the animal directly into an 
equal volume of sterile distilled water, or by mixing whole liorse blood with 
an equal amount of water and keeping in the water batli at 45^^ C., with occa- 
sional shaking, until hemolysis takes place. The remaining red blood cells, 
from which the plasma has been decanted, may be diluted with 5 volumes of 
sterile distilled water which often causes hemolysis of tlie cells. If hemolysis 
does not then occur, the addition of a few drops of ether will lyse the red 
blood cells, Tliere is good reason to believe that rabbit blood can be used 
almost as well as horse blood. 

This plasma hemoglobin agar plate is transparent, practically colorless, 
since the reddish tinge fades in the incubator overniglit, and it may be pre- 
pared the day before it is to be used. However, on freshly poured plates, 
the colonies are somewliat larger. We have, on at least two occasions, used 
plates which were five days old, and they have good growtli of gonococci, 
though the colonies were small. Forty-oight hours after inoculation and incu- 
bation at 37° C., in an atmosphere containing ten to twelve volumes of carbon 
dioxide, the gonococcus colonies have the typical ground glass appearance 
and seem transparent wlien the plate is held up and light passes through them, 
ilacroseopieally the colonies usual!}' appear glistening, round, raised, and 
with entire edge. Older colonies are usually irregular in shape and edge. 
There is, as a rule, a good gro-wth of gonococci at the end of twenty-four 
hours, when grown under the above conditions. The viability of the gono- 
coccus on this plate has been tested only up to one week. The transplants 
from week-old cultures all grew well. 

The question whether culture.s of all positive cases grow on a medium is 
a vital one. Tlie only clieck the laboratory has on the efficacy of a medium 
is its comparison with the smear diagnosis and other known good media. 
The method of obtaining cnlture.s from the patient, tlie transportation of the 
cultures to the laboratory, and the amount of inoculum planted on the plates 
are important considerations when evaluating primary gonococcus cultures 

ou a medium. 
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Table I shows results obtained on freshl}- poured plasma hemoglobin 
plates compared ivith other good media and with smears. 

Table I 


KO. 

POSITIVE 

CASES 

! 

NO. POSITIVE 

OX PLASMA 

HEMOGLOBIN 

AGAR 

NO. POSITIVE 

ON 

DIFCO AGAR* 

NO. POSITIVE 

ON HORSE 

BLOOD WATER 
AGARf 

GRAM-S 

POSI- 
TIVE 1 

TAINED S 

1 SUSPI* 

1 Clous 1 

!5lE.ti:s 

j XEGA- 
1 TRT 

Vulvovaginitis 


38 

33 

Not done 



1 3 

Vulvovaginitis 


120 

Not done 

113 



i 13 

Male 


44 

j 42 

44 





*Difco proteose aaar No. 3 and Difco dehydrated hemoglobin. 

tTliree parts of veal infusion agar plus 2 parts of horse blood water (equal volumes d 
horse blood and sterile distilled water). 


Identifications on 2 per cent dextrose, 2 per cent maltose, and 2 per cent 
levulose agar plates, also on plain agar and 5 per cent washed blood agar, were 
carried out on all the strains included in Table I. Since the gonococcus 
colonies are more easilj^ distinguished from similar colonies when grown on 
transparent and colorless media, fishings were usually made from the plasma 
hemoglobin plate before the oxydase test-'* tras performed. This proved to be 
of importance because, when the dye was poured on a culture plate containing 
very few gonococcus colonies and a large groivtli of other flora, organisms 
were washed over the plate making pure cultures for identification impos- 
sible and often causing their loss. However, the oxydase test is clearly defined 
on the medium. The color changes are especially well seen when the plate 
being tested is placed on a white sheet of paper or held up to the light. 

SUMMARY 

An agar medium for primary gonococcus cultures is prepared by the use 
of veal infusion agar, horse plasma, and hemoglobin. 

The advantages of the medium ai-e: 

1. It is efficient and easily prepared. 

2. It is transparent and almost colorless. 

3. The characteristics of the gonococcus colony on this medium aie luoic 
easily distinguished from similar colonies. 
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ISOLATION OF BACTERIA BY SURFACE-STROKE PLATING^ 


Robb Spalding Spray, Pii.D., j\Ior»;a.mtuwk, W. Va. 


TN TIIE course of some twenty-five years of toaeliing, the technique most 
essential to successful baeteriologic work, namely, flie easy and praetieal 
isolation of pure cultures, is the very point least often stressed, or illustrated, 
in textbooks and laboratory manuals. Tliis procedure is commonly passed 
over with a few words on “sun-burst” or parallel stroking of cultures on 
agar plates. 

Furthermore, we have observed that the average student has more diffi- 
culty with successful colony isolation than with any other common bacterio- 
logic routine. A method has been evolved in the attempt to overcome this 
deficiency. Its use in our hands, both personally and in classes, has yielded 
such constant and almost unvarying success that we feel that its use may 
well be advocated for trial by others who may have had similar difficulty. 
The procedure is illustrated in Pig. 1. 

(1) In this method sterile agar plates are poured and well solidified. 
Using, preferably, a smooth platinum loop sealed in a light, hollow glass 
handle, a loopful of mixed culture (as from a Loeffiei“s throat culture) is 
carried to section A, and a small spot or smear is made at point marked 
“begiuy’ 

Veraltv^*!.^ Department of Medical Bacteriology and Public Hygiene, West Virginia Uni- 
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(2) The loop is flamed to remove excess material, cooled, then stroked 
in parallel over approximately one-third of the plate area. The initial smear 
is touched only in the first three or four strokes. 

(3) The plate is then rotated counterclockwise one-quarter turn, and t!ie 
same area (A) is cross-stroked— again avoiding the initial spot of inociilatioii. 





(4) Having cross-stroked section A, the loop is carried up to section B, 
and stroking is repeated — now avoiding contact witli strokes in section xh 

(5) Again the plate is rotated one-quarter turn, and section B is 
stroked. 

(6) The loop is then carried to section C and stroked — now avoiding c®” 
tact with section B. 

(7) The plate is tui-ned the final one-quarter turn, and section C is cross 
stroked. 

The entire operation is accomplished in only some thirty seconds ti® 
Depending upon the numbers of bacteria placed on the original spot of in®® ^ 
lation, the plates invariably show optimum colony distribution in some sect 
of the plates. 

In 1934 we described a rotary inoculating table^ which is still 
most useful for colony isolation. However, in the absence of this 
feel that the method herein described will be found to be 
successful than any of the procedures commonly used, either in priiR ® 
ratoiy work, or in the instruction of beginning students. 
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ANAEROBIC CULTIVATION AS A ROUTINE BACTERIOLOGIC 
PROCEDURE IN THE CLINICAL LABORATORY*' 


E. H, SPATJiiDiNQ, Ph.D., and W. G. Goode 
PHIDADELPH rA, Pa. 


I T WAS until recently a frequent experience in our clinical laboratory to 
observe microorganisms in smears of tlie original material which subse- 
quently failed to develop in culture. Oceasionallj’, it was necessary for the 
laboratory to submit an essentially negative report. In an effort to overcome 
the inadequacy of our cultural methods, a systematic attempt has been made 
to eliminate the incidence of negative cultures from specimens known to have 
contained bacteria. 

There are at least four acceptable explanations for the failure of micro- 
organisms to develop in primary culture. It is possible, for instance, that the 
specimen, when received, contained only dead bacteria, or that the amount 
of inoculum is inadequate. Nevertheless, it would seem more likely that the 
media are lacking in certain essential nutritive ingredients, or that the oxygen 
tension during incubation is too high. Preliminary trials with various culture 
media indicated that the nutritional factor played an important role but, at 
the same time, not the fundamental one. As a result, the comparative value 
of strictly anaerobic cultivation in the primary isolation of bacteria from 
clinical sources has been investigated. 

Within the last few years many authors (Colebrook, 1930; Harris and 
Bromi, 1929; McDonald and others, 1937; Schwarz and Dieckmami, 1927; 
Sears and Vinton, 1936) have called attention to the importance of anaerobic 
nonhemolytic streptococci. Topley and Wilson (1936) pointed out that ana- 
erobic cultivation of primary agar plate cultures yields a higher incidence of 
hemolytic streptococci than do the corresponding aerobic plates. Smith and 
associates (1938) report a ease of meningitis caused by a strictly anaerobic 
hemolytic streptococcus, and conclude that anaerobic cnltivation of loutine 
hospital material is important. Smith (1936) reported studies upon obligate 
anaerobic piienmoeocci. An interesting account of the sensitivity to oxygen 
of Past, pestis and other members of the Pastenrella genus was that of Schutze 
and Hassanein (1929). Furthermore, Dixon and Deuterman (1937) recently 
called attention to the possible pathogenic role of tlie members of the ana- 
erobic genus, Baoteroides. It is evident, then, that, in addition to the anaerobes 
of war-wound infections, the importance of anaerobic, or reduced oxygen cu - 
tivation in primary culture is amply indicated by the peitineiit itera lire. 
Nevertheless, there appears to be little information regarding the prevalence 
of anae robes in nnselected routine cultures. 
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The present report deals with the results obtained by comparing dupli- 
cate aerobic and anaerobic primary cultures on blood agar plates. A semi- 
solid medium was also included in a small series. A total of approximately 
2,500 consecutive routine specimens were examined by the method to be de- 
scribed. Of these 1,847 produced posithm cultures. 

Experimental Procedure . — Each specimen, as received, was streaked in an 
identical manner upon the surface of two blood agar plates. One Petri plate 
was labeled aerobic ; the other was designated as the anaerobic culture and 
placed in a jar for anaerobic incubation. Some of the anaerobic plates were 
immediately subjected to anaerobiosis, but more often an interval of one to 
two hours intervened. The following morning the aerobic and anaerobic 
plate.s were examined together, and the resulting growths were compared. 
With a few exceptions all cultures were incubated for a minimum period of 
five days at 37° C., during which time they were examined daily for the 
appearance of new colonies. Further incubation depended upon the diagnosis 
submitted and the nature of the specimen. 

No attempt was made to use selected specimens. Wherever specific cul- 
ture methods were indicated, as in the isolation of N. gonorrhocac, Br. aliorhn, 
or C. dipJifhcriac, the usual blood agar plates were inoculated in addition- 
All throat and feces cultures wei’e included in the recorded series, but repeat 
specimens from the same patient wei*e omitted. Since the use of agar plates 
has not been routine in the prepai'ation of blood cultures, this type of specimen 
has not been considered. As a group, then, the specimens, up.on which tlic 
present report is based, are representative of those received by any larf^ 
hospital laboratoiy ivith the possible exception of bronchial secretions,^'!"*'' 
constituted 10 per cent of the cultures in our series. 

Method of Producing Anae 7 'oh'iosis . — To be pi-acticable for the clinical lab^^^ 
ratory an anaerobic procedure must be rapid, efficient, safe, and capa 
accommodating a large number of cultures at one time. Purthennore, 
essential that such a method permit the use of agar plates, since only hi 
development of surface growth can a mixture of microorganisms be qm'' 
and easily identified. , 

None of the many anaerobic methods known to us seems ideal, o' 
that end one of us (E. H. S.) is devoting considerable elfort, 
made the subject of a future publication. In 1937 Weiss and 
gested a techniciue involving partial evacuation of a jar and the sn s 
refilling with hydrogen catalyzed by palladium. Certain j 

technique and apparatus, as described beloiv, have, we believe, lesu 
more practicable procedure. The data herein reported were obtaine 
technique. 

The essential system of two T tubes, a two-way stopcock 
way stopcock (B) with down-ward outlet at end of the stoppei,^is i 
in Pig. 1- A three-way stopcock, similar to A. H. Thomas Co., Ao. ' ^ 

4 mm. bore is satisfactory. The glass apparatus may be suspenc e 
clamps on ring stands or, preferabljq placed in. a grooved board anc 
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place by metal strips. In place of an open mcroiiry manometer, as originally 
described, a vacuum gauge has been substituted. Two type.s of gauges, espe- 
cially designed for use with this apparatus, are available.*' Tile first Is subject 
to Ciiauges iu afinosplien'c pressure, but is relatively inexpensive; the second 
is contained in a pressure-tight ease and may be relied upon regardless of 
altitude or pressure. Both gauges have extra markings at 76, 640, and 710 
mm. negative pressure. The gauge is attached to the glass system, as jndi- 
cated in Fig. 1. 



Pie* 1*— Drawing of tlie basic system of the nnoerobie apparatus 


A Cenco-IIyvac, or similar oil pump, provides a mpnl means of evacua- 
tion and is liigiily desirable wlicre a large iminbcr of cultures must be liandled. 
For tlie smaller laboratory, however, the slower but mexpeusive water suction 
pump (at least 5% inch length) will suffice. The pump is attached to the 
system by rubber pressure tubing, as indicated mi the diagram 

Any jar of convenient shape and size may lie u^e{^ providing it can with- 
stand the degree of vacuum required and is oquipi>cd with at least one stop- 
cock. Several types of anaerobic jars are available, but they are usually 
expensive. The Ilempel desiccator has proved satisfactory, but is not designed 
tor convenient storage in tlic average incubator- We employ at present a 
chamber consisting of a glass cylinder (A. IT. Thomas Co, No. 1085-A, flange 
least i/i inch diameter) and a flat ahuniniim alloy cover with one stopcock 
extending horizontally from the side of the top. In a jar of this design the 
maximum of space is utilized. It will hold Id, 100 by 10 mm. plates and 25, 
120 by 16 mm. ctilture ttibes at one time. Tlie inexpensive metal top is being 
manufactured at present by the Temple University machine shop. 

Tlie reduction of oxygen is accomplished by the catalytic power of palla- 
dium impregnated upon asbestos shreds. In this highly active form heat is 
not required, tliereby minimizing tlie danger of explosion. It may be pur- 
chased from supply houses as 5.0 per cent palladiumized asbestos. 

The procedure is carried out in the following manner : The inverted agar 
plates are placed in the jar, together with a flat porcelain dish (69 mm. diam- 
‘^ler) containing 2 gm. of palladium. The catalyst should be located near the 
^as mlet. The criterion of satisfactory anaerobiosis is the reduction of methylene 
ne. The dye is added in a final concentration of 1:60,000 to meat extract 
_ ^oth, pH 7.G, containing 2.0 per cent dextro.se. A small piece of thymol is 

'United States Gauge Co., 622 Pendeld Building’. Philadelphia. 
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added as a preservative. It lias been found convenient to keep tlie cotton- 
stoppered tube attached to the side of the jar with adhesive tape. The ground 
surface of the cover and of the cylinder are well smeared with a grease, snch 
as Lubriseal (A. H. Thomas Co.) or a mixture of Cello-Seal and Cello-Grease 
(Fisher), The cover is put in place, and with pressure is rotated about the 
flange of the cylinder to produce a satisfactory seal. The jar is attached to 
the system by means of a rubber connection. With stopcock B closed, as in 
Pig. 1, and stopcock A open to the system, evacuation begins. This is con- 
tinued mitil the manometer registers 710 mm. Turn stopcock A to disconnect 
the source of vacuum and to connect the system beyond stopcock B ivilh 
carbon dioxide tank b 3 ’’ means of rubber tubing. Without turning stopcock 
B rinse out the hose with the gas, shut off carbon dioxide tank, and open 
stopcock B b 3 ' a 90 degree turn. The jar is now connected with the gas tank. 
Admit carbon dioxide until the gauge records a reading of almost zero (fifteen 
to thirt}’’ seconds). Close stopcock B and open A. When evacuation has 
again reached 710 mm., turn stopcock A and observe vacuum gauge for at 
least fifteen seeonds for signs of a leak. If the px’essiire remains stationary, 
eomieet rubber hose to the hj’^drogen tank. It is more convenient to maintain 
a permanent eonneetion with both gas tanks by inserting a Y tube in the 
rubber hose betiveen stopcock B and the source of gas. Riuse out the^ tube 
through the outlet in stopcock B as before. Open stopcock B and admit the 
gas slowly ; between thirty seconds and one minute should be consumed m 
refilling the jar. Turn the stopcock on the jar and disconnect from the system. 
The jar is now read}’ for the incubator. It ma}^ be desirable to use a clanip 
to hold the top in place. If, however, care is taken to keep the jar in a vertica 
position, this is not necessaiy. 

The following morning the indicator should be colorless. To reraoie c!!! 
tnres. open stopcock, slide the cover off the cylinder, and remove the 
immediately. The top should never be put back on the jar unless the cata .i- 
has been removed. An explosion may result. The catalyst should he hea e 
over a Bunsen burner for five minutes to drive off moisture and then, up^ 
cooling, is again ready for use. 

By use of partial evacuation (710 mm. Hg) inversion of agan 
possible. Because the technique is safe, rapid, and apparently efficien , 
application to routine procedure appears justified. The apparatus 
scribed has also been found ideal in producing an atmosphere of 10 P®’’ ^ 
carbon dioxide as used in the isolation of Brucella, gonococci, and other car ) 
dioxidophilic bacteria. 

Media Employed . — A total of 1,358 positive cultures were 
a beef infusion blood agar prepared according to Wright (1933). | 

of this medium, especially for the isolation of fastidious pathogens, is 
to be due in part to the reduction of certain oxidized constituents m 
tone. A second series of 489 positive cultures were examined after 
upon a nutrient blood agar containing 1.0 per cent Bactopeptone, 0. 

Difeo meat extract, and 0.5 per cent sodium cMoride to which of 

per cent human citrated blood. It was hoped that, by comparing 
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two different growth abilities, the relationship between the nutritive quality 
of the medium and the oxygen requirements of these bacteria might be indi- 
cated. All media were used within twenty-four liours after preparation. 

Expermcntal Eesnlts . — The comparative aerobic and anaerobic growths 
upon both types of media are presented in Table I. No consideration is given 
to the various species present. 


Table I 


Comparison of the Number of Positive Cultures ok Aerobic anp Anaerobic Bloop Agar 


AEROBIC 

PLATE 

ANAEROBIC 

PLATE 

MEAT EXTRACT 

BLOOD AGAR 

BEEF INFUSION 

BLOOD AGAR 

NO. OF 
SPECIMENS 

PERCENTAGE 

NO. OF 
SPECIMENS 

PERCENTAGE 

+ 

-I- 

373 

76.3 i 

1223 

90.0 

+ 

0 

24 

4.9 

1C 

1 1.2 

0 

■h 

92 

18.8 

IID 

8.8 

Total 


489 

100.0 

1.558 

1 100.0 


Since "Wright medium contains an infusion base and is prepared in such 
a maimer as to contain reduced substances, one might expect, in comparison 
with the meat extract agar, to find a less striking difference between the 
aerobic and anaerobic plates. Table I supports this expectation. On the meat 
extract medium, 18.8 per cent of the specimens produced positive cultures 
only by anaerobic cultivation, whereas the corresponding figure on infusion 
agar was 8.8 per cent. Since the series included a large proportion of feces 
specimens in which negative cultures never occurred, this figure assumes added 
significance. Furthermore, it is our belief that tlie figure of 8.8 per cent 
represents those specimens which, prior to the inauguration of anaerobic cul- 
tivation, remained sterile in spite of positive microscopic evidence.^ On the 
other hand, a surprisingly small number of specimens produced aerobic growth 
exclusively. 

Table II 


Analysis op Specimens Showing Only Anaerobic Growth 


TYPE OF organism 


Hemolytic streptococcus 
Nonhemolytic streptococcus 
Pneumococcus 
Gram-negative cocci 
Baeteroides 
Diphtheroids 
H. influenzae 
Miscellaneous 


NUMBER OF ISOLATIONS 


MEAT EXTRACT INFUSION 

blood AGAR BLOOD AGAR 


40 

37 

13 

21 

7 

8 
0 

11 


50 

30 

16 

15 

14 

11 

3 

10 


Analysis of Specimens Containing Only AnaeroUs.—lf the anaerobes iso- 
lated from aerobic-negative specimens consist only of contaminants an non- 
pathogenic tj-pes, there would be considerable doubt as to tlieir routine value 
in the clinical laboratory. An examination of Table II, bowe^ ei , re^ ea s t a 
tile most common organism recovered under these conditions was the hemolytic 
streptococcus. In order of decreasing frequency were the nonhemolytic strep- 
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toeocci, a heterogeneous group of gram-negative cocci, pneumococci, and bat- 
teroicles. It is of interest that the Clostridium group was only occasioiiallv 
encountered among these specimens. 

Anaerobic Ecmohjiic Strepiococci. — Because of the importance of liemolytie 
streptococci in human infections, the incidence of anaerobic hemolytic strep- 
tococci in the entire series of specimens has been tabulated. The results appear 
in Table III. 

Table III 


Hemolytic Streptococci 
Frequency of Anaerobic Isolations 


AEROBIC 

PLATE 

! 

1 ANAEROBIC 
PLATE 

MEAT EXTRACT 

BLOOD AGAR 

BEEF INFOSIOS 

BLOOD AGAR 

NUMBER OP 

SPECIMENS 

PERCENTAGE 

NUMBER OP 
SPECIMENS 

PERCENTAGE 

+ 

-i- 

71 

33.2 


56.3 

+ 

0 

5 

2.3 

4 

0.S 

0 

+ 

13S 

64.5 


42.9 

Total 


214 

100.0 




It will be seen by examining Table III that more than 40 per cent of tbe 
hemolytic streptococci isolated on infusion blood agar failed to appear on tlie 
aerobic plates. The anaerobic strains originated from many different patlio- 
logic conditions, and in no waj' suggested a predilection for any one part 
the body or disease process. No attempt has been made to determine the 
serologic grouping of these strains. 

The high percentage of anaerobic hemolytic streptococci occurring in the 
meat extract series may be accounted for by the use of a medium of lo'r 
nutritional value. Since almost 65 per cent of the isolations were recoieicf 
only on the anaerobic plate, it would appear that anaerobiosis maj', to some 


extent, compensate for a poor culture medium. 

An observation of considerable practical importance has received no eon 
sideration in compiling these data. It has been customary to 
development of hemolytic streptococci, and sometimes pneumococci, m 
twenty-four hours on the anaerobic plates, whereas the corresponding 
plate might require two or three days before reA'ealing similar colonies. > 
growth occurred under both conditions, it tvas tabulated ^1^. 

practical significance of the more rapid anaerobic groivth is obvious. i o 
did many of the anaerobic cultures develop earlier, hut, in addition, 
produced more luxuriant colonies and larger areas of hemoly^sis. 

Anaerobic Pneumococci. — The isolation of pneumococci, which at tli 
time failed to appear on the primary aerobic plate, was not an 
occurrence. In many instances, but not all, these organisms J 

'biochemically and typed by the Neufeld reaction. The ‘‘greening 
agar and hemolysis tend to be suppres.sed, but to a v'arying degice ^ guiture 
upon exposure to air. An outstanding instance in Avhich an anaero 
resulted in the early institution of therapy ivas a type VII f 
meningitis. In spite of negative microscopic emdence of bacteria m 
material, the anaerobic plate after eighteen hours’ incubation reiea e 
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colonies winch were iniinecliiiteJy t 3 ’pet]. The aerobic plate, as well as those 
from succeedin',^ speeiincns of spinal fluid, remained uniform^' sterile. The 
data relating' to tlie i-solation of pneumococci on both tj’pes of media are 
presented in Table IV. 

Tablh IV 


PNEU-MOCOCCI 

Comparison of Duplicate Aerobic and Anaerobic Blood Agar Plates 


AEROBIC 1 
PLATE i 

1 

ANAEROBIC 

PLATE 

MEAT EXTRACT 

BLOOD AOAR 

1 BEEF INFUSION 

[ BLOOD ACAP. 

NUilBET. OF 
SPECIMENS 

I'ERCENTAOE 

' NUMBER OF 
SPECIMENS 

PERCENTAGE 

+ 1 

+ 1 

53 

57.6 1 

227 

82.9 

+ i 

0 

10 

17.4 1 


S.O 


+ 

23 

25.0 

25 

9.1 

Total 1 


1 92 

100.0 

274 ; 

100.0 


Other Anaerobic Types . — In the infusion series ucjc 213 isolations of var- 
ious nonhcniol.vtic streptococci. Of these 152 appeared on botli plates, but 
59 were anaerobic onl}*. Xo attempt to ela’'sify these strains according to 
Prevot (1925) has been made. It is interesting al.so that of 28 cultures of 
U. in^xicnzac recovered, 13 appeared onl.v with i educed oxygen tension. Of 
the 14 i.solatioiis of Ilcmopliilus whicli developed mi both jiiatcs, it was not 
uncommon to observe growth appearing aerobieallv only in the vicinity of 
staphylococcus colonies (satellitism), whereas a large number of uniformhv 
distributed colonie.s occurred on the coiTCsponding anaerobic plate. This ob- 
servation, although not seen in all isolations, was nia<le Ircquoiilly enough to 
raise some doubt as to wlicthcr satellitism depends entirely upon the elabora- 
tion of V factor. Since growth of certain strains resulting from the same 
inoculum maj’ show satellitism aerobically and yet develop independentlj* of 
staph.vlococei in tlie absence of ox^'gen, it is possible tliat a growth-stimulating 
substance, or substances, available only through tlie agenej’ of .staphj’lococci 
under aerobic conditions, is present in an assimilable form in the absence of 
o.X3'gen. 

Viridans streptococci seem Ies.s i>roiie to develop anaerobically than do 
other types of streptococci or pneumococci. When growth does occur, green- 
Wg'* is frequent]}' suppressed so tliat the organism appears as a nonhemolytic 
streptococcus. I?e-exposure to air usually results in subsequent discoloration. 

Semisolid jlIedium.^A small proportion of the specimens were at the same 
time inoculated to a medium of the same composition (infusion), but to which 
had been added 0.3 per cent agar. The results were, as might be expected, 
intermediate between those of the aerobic and anaerobic plates. Nevertheless, 
in no instance in which the semisolid medium u'as positive, did the anaerobic 
plate fail to show growth. No medium especially designed for anaerobes, 
•‘-ncli as brain or cooked meat broth, was used. Any fluid or semhohd medium 
''■ould have the same disadvantage that impelled us to restrict our further 
studies to the use of agar. A medium, such as Eosenow^s brain broth, would 
nndonbtedly permit the development of a large proportion of our “anaerobic 
isolations. On the other hand, the separation and identification of a mixture 
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of bacteria ivould still require subcultures to aerobic, if not anaerobic, blood 
agar. The additional time and effort can be avoided by the direct inoculation 
of duplicate agar plates. Those laboratories, however, in which suitable ana- 
erobic equipment is not available, might well use semisolid or meat media 
with subsequent subculture to aerobic blood agar. It should be pointed out 
that two disadvantages are inherent in this procedure. During iucubation 
of a mixed culture in fluid media the more delicate pathogens may be com- 
pletel 3 '- overgrown or inhibited and, because of the necessary reinocnlation 
to agar, additional time is required. 

The addition of a reducing agent (0.03 per cent cysteine hydrochloride) 
to the medium Avas attempted in a small series of specimens with the tlimiglit 
that the presence of the cj'steine ivould, perhaps, permit the growth of the 
anaerobic t.vpes of streptococci. This medium Avas quickly discontiuued, how- 
ever, because of the rapid and extenshm production of “greening” aboui 
raanj’’ different ty^pes of colonies, due, no doubt, to the formation of sulf- 
hemoglobin. 

Permanence of Anaeroibie Requirements of Hemolytic Streptococci flfid 
Pneumococci. — The hemoljdie streptococci and pneumococci, AA'itli Avhich ue 
are here largelj' concerned, became, AAutli feAv exceptions, quickly adapted to 
aerobic environment. In the large majority of instances the first transplant 
from anaerobic to aerobic blood agar resulted in varying amounts of grontli. 
No effort Avas made to determine the exact proportion of permanently aim- 
erobic hemolj'tie streptococci or pneumococci. Nevertheless, permanently an- 
aerobic strains have been isolated Avithout difficulty for experimental purposes. 
The occurrence of this t^'pe, hoAA’OA'er, would seem to be relatively uncommon. 


DISCUSSION 

The significant number of hemolytic streptococci and pneiunococc) iso^ 
lated only b.v the use of anaerobic incubation Avould alone seem to justi 
adoption of routine anaerobiosis in the clinical laboratory. In addition, 
isolation of anaerobic nonhemolytic streptococci, actinoin 3 ’’ees, 3. mfiuci ; 
Bacteroides and Clostridia has suggested etiologic relationship to 
of unusual, and hitherto undiagnosed, cases. Indeed, it is our opinion 
a satisfactory bacteriologic examination is possible oirlj' if an anaero 
ture is included. Soule (1932), hr discussing the stimulus to the 
of anaerobes resulting from the World War, sajm ■ a 

study of nnknoAvrr material Aims not complete until the question o 
ence of anaerobes Avas satisfactorily disposed of. NeA-ertlieless, it is a a 
of commoir occurrence to find that the krroAvledge reaivakeiied hj j', Nation 
studies has lapsed and today the average complete 
of suspected materials consists of the isolation and attempted ii i 
of the aerobic flora." We AA'holly agree Avith this opinion in 
applies to clinical bacteriologj’- laboratories. It is our hope, an- 

data herein presented maj* ser-Am to emphasize the frequencA^ 
aerobic members of Avell-reeognized aerobic, or facuItatiA'C anaero i > 
are encountered in primary isolation. 
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Tile fact tliat such a large proportion of Iieiriv'; 
or are stimulated by, lowered oxygen tension 
be essentially anaerobic. In support of this liypolb*'? 
vatioii that most laboratory strains develop more n*; 

If tliese organisms are not fundninentally aiinerobb; 
sarily assume that tbe inclination toward anaerobic 
adaptation in tlic liinnnn body to an environnicnt in i 
is low. Evans and Ilartridge (193G) bare written, ‘ j 
that dyes such as luetliylene blue can often be redr 
Thus, it would seem that normal tissue maj' have an 
ami consequently one may readily imagine that debil 
tissue, e.specially witli a diminution in tbe blood snj) 
more anaerobic conditions. I3y tbe process of adapta 
anaerobic respiration may a.ssume a prominent, and n 
character whieli must inevitably be reflected upon inoci 
Under the.so conditions tbe surface of anaerobic blood 
conditions within the hody more closely than does flu 
plate. The fact that certain strains persist in their 
leads one to the supposition that the period of ndap 
stances of considerable duration. There is no evidem 
that the anaerobic strains are more virulent than the 
By far the majority of anaerobic hemolytic strept 
developed tlie capacity for growing aerobically on the 
we have termed “temporarilj* anaerobic/^ prevot” In 
aerobes of predilection” to those orgainsms behaving 
general way. Xo attempt has been made, however, 1 
logic grouping. Of practical significance is the fact th 
the development of anaerobes, such as deep tubes of b 
tionably recover most of the temporary anaerobes. 1 
fastidious organism and bacterial antagonism can be 
aerobic blood agar will perhaps be a useful procedure 
A further comparative advantage of tlie anaerobic 
iiite tendency of anaerobic cultivation to inhibit the c 
inants. It is not infrequent, for instance, to obser 
enUiire showing nonhemolytic staphylococci and N, cm 
pure culture of pneumococci or streptococci on the i 

CONCLUSIONS 

1- Approximately 2,500 routine, clinical specimen 
duplicate upon aerobic and anaerobic blood agar p a 
2. The total number of specimens was dnidec ni 
tlie first, beef infusion, and for the second, meat extr 
3- A percentage of 8.8 of the specimens of t le m 
Positive on the anaerobic plate but remained 
of meat extract medium, an incidence of 18-8 P®'' “ 
4. The most common organism appearing on pi i 
anaerobic cultivation was the hemolytic strep oe 
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cocci were also freqiientl}' isolated. A possible explanation for the oeciirrcnce 
of these anaerobic types is discussed. 

5. By far tlie great majority of these organisms quickly regained tlieir 
ability to grow aerobically. A method is suggested for utilizing this adaptability. 

6. A practical procedure for routine anaerobiosis in the clinical laboratory 
is recommended. 

7. The oeeurrence of negative cultures from .specimens shondng a positive 
smear has been almost entirely eliminated. 

8. Bacteriologic studies in the clinical laboratory are incomplete witlioiit 
anaerobic culture. 

We T\’ish to express our indebtedness to Dr. Ezra Gasman, of the Abingfon Jlemorhl 
Hospital, for his suggestions and lielpful criticisms. 
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A SIMPLE JIETHOD FOR DETERJIINIiVG BACTERIAL 
REDUCTION OP NITRATES^ 


■\Vn.uA5i A. Randall, Pu.D., and Rodert J. Reedv, Ph.D. 
Washington, D. C. 


T he routine inetiiot] of testing bacterial cultures for nitrate reduction con- 
sists in inoculating broth containing potassium nitrate, and after incubation 
adding a reagent which produces a color in the presence- of the nitrite radical. 
An alternative method consists in inoculating agar containing potassium nitrate 
and after incubation observing the culture for the presence of gas. A large 
amount of effort has been expended in devising a culture medium which would 
give consistent results in testing for nitrate reduction to nitrites. 

StichlaiuP reported that the untreated cells of E. coU reduce nitrate to 
nitrite with groat rapidity. We have made the same (>bst*rvation, and it oc- 
ciUTed to im to extend tlie work to include diff'eicnt species of bacteria, and 
to compare the method to be described with tli" routine method. 

METHOD 

The basis of the metliod consists in adding a sohitinn of potassium nitrate 
to a suspension of the living bacterial cells to be tested Prom fifteen minutes 
to one hour later the mixture can be tested for tlie presence of nitrites. 

Ill our work we have used either twenty-four-hour broth cultures or some 
of the growth from an agar slant emulsified in saline. To 1 e.c. of culttu’e, 
0.2 c.e. of 1 per cent potassium nitrate is added. The mixture is sliaken and 
allowed to stand for about one-half hour when it W tested for tlie presence 
of nitrite. If de.sired, quantitative determinations can be made at intervals 
and tlie rate of reduction determined. 

We have tested 24 different species of bacteria using tlie routine method 
and the modified method, and we have found that there is complete agreement 
between the two. Tiie follow'ing organisms reduced nitrates to nitrites by 
both methods: Staph. albuSj Staph. anrenSf B, suVtilis, B. oiifhracis, E. coli, 
A. cloacae, E. typhosa, S. paratyphi, S. schottmiillcri, S. cnteritidis, S. puUo)um, 
S. gallmarum, Brucella abortus. Shigella paradyscntcriac (Plexner), Shwella 
Varadysenteriac (Sonne), and C. hofmannii. The following organisms failed to 
I’ediice nitrates by eitlier metliod: Shigella dyscnieriac, Alcaligencs faecahs, 
Vibrio metchnikovU, Strep, faccalis, Strep, hemohjticus, Strep, viridans, C. 
iliphihcriac, and C. xerosis. 


DISCUSSION 

The simple method described has several advantages. A special medium 
I^J^required. Organisms difficult to grow in liquid media may be grown on 

*From the Department of Bacterioloei", Georgetown Medical School, "W asliington, D. 
Received for publication. iMay 5. 1939. 
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enriched solid media, and the emulsified growth used in the test. Since the 
rate of reduction is increased if the concentration of organisms is increased, 
bacteria Arhicli groiv sparselj’- may be concentrated by centrifugation and 
tested. IVith this method organisms ivhich break down the nitrate radical to 
nitrite and then utilize the nitrite, and which ayouIcI be recorded as negative 
by the routine method, Avill A’^erj'^ likely be posith'^e Avith the modified method. 
Old cultures in Avhich most of the bacteria are dead Avill not reduce the nitrate. 
Media prepared Avith filtered material should not be used in growing bacteria 
to be tested, as Berkefeld and Seite filters contain nitrite. 
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A RAPID STAINING METHOD FOR OPSONOCYTOPHAGOCYTIC 

INDICES* 


Mackay Flinn, New Orleans, La. 


W HILE working on a problem in AA'hich phagocytosis Avas concerned, wc 
developed a stain AA'hich Ave found A'ery efficient. In vieiA' of the grejil 
amount of Avoi’k noAv being done on the opsonoc3'tophagocytic index in Bruce 
infections, it is likely that this method maj' find a field of usefulness. 

The stain is made bj' adding 0.15 gm. methjd green and 0.5 gni. pyronine 
to 15 c.e. of 95 per cent alcohol. It is best mixed in a mortar. Eightj'-fiAC cu le 
centimeters of 3 per cent carbolic water is added sloAvly until the stain is coffl 
pletel.A' dissolved. The completed mixture should stand at least a AACck w 
occasional shaking before it is used. Smears are made in the usual 
dried in air, and flooded Avith the stain. They are alloAved to stain four 
Avashed in tap water, dried in air, and examined. The cytoplasm of the a\ 
cells stains a faint pink, the nucleus a light red, and the organisms a deep r 
The granules in the ej'toplasm do not stain, and it is this featuie 
much facilitates the bacterial count. When the usual blood stains are a 
there is ahvaA's some confusion betAveen bacteria and cA'toplasmic grann 

reference 
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1. Ponder, Eric, and Plinn, Z. Mackay; Studies on the Arneth 

cytosis to Nuclear Configuration, Quart. J. Exper. Physiol, lo- “ > 


school of Sicdicine, N^"' 


•From the Department of Pathology, Tulane Unlverslty 
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A SLIDE FLOCCULATION TEST FOR THE DIAGNOSIS OF SYPHILIS 


PnnLiMiNARY Report 


S. L. Leiroff, Pji.B., M.A., New York, N. Y. 


T he serologic diagnosis of syphilis is based upon two types of reaction, 
viz,, the complement fixation phenomenon discovered by Bordet and 
Gengoid and adapted b^' "Wassermann, Neisser, and Briick- for the diagnosis 
of sypliilis; and the precipitin reaction observed by Porges and Myer^ and 
adapted for the diagnosis of sypliilis by Michaelis.^ i\Iost likely both reac- 
tions are similar in nature in tliat the^' both depend upon tlie formation of a 
precipitate bj’ the union of tlie “reaghi^^ present in the serum globulin, with 
the lipoidal colloids of the antigen, and the subsequent adsorption of the com- 
plement bj* this precipitate. This theory is supported by the fact that exami- 
nation of Wassermann reaction mixtures of syphilitic serum and antigen by 
the ultraniicroscope shows the presence of prei-ipitates even though these 
precipitates are invisible macroseopicalUv’ The difterence between the com- 
plement fixation and precipitin reactions seems to lie in tlie physical condi- 
tious which determine the size of tlie particles in the precipitates. 

A great deal of attention lias been paid to the development of suitable 
precipitin tests because these tests are speedier, easy to iierforni, and require 
fewer reagents. Tlie most important advance in this ficUl was made by Kahn‘S 
who produced a visible precipitate in siTihilitic serum by using highly con- 
centrated and sensitive antigen suspensions. To further enhance the visibility 
of the Kahn precipitate the centrifugation and resuspension of the precipitate 
in saline were suggested.^ The foundation of the Kalin test is based upon four 
factors: namely, optimum concentration of ingredients, great instability of 
the antigen-saline suspension, quantitative relationsljip between antigen sus- 
pension and serum, and agitation of the ingredients. On the basis of these 
principles precipitin tests W'ere devised by Eline,® Eagle,” Lauglilen,^” and 
others. 

The slide flocculation test described in this paper has the following ad 
vantages; the antigen is stable and highly sensitive to syphilitic serum, the 
quantitative relationship between antigen and saline, and between antigen 
saline suspension and serum, need not follow the strictest measurements but 
niay be varied within certain broad limits without affecUng materially the 
efficacy of the test. Other advantages are speed, easy manipulation, and good 

visibility. 

Preparation of the Antigen.— ¥resh beef heart is used. Because of quali- 
tative and quantitative variations in the lipoidal content of hearts <>t)taine 
faom different animals, at least six hearts should be used. After removal of tat 

‘From the Laboratory of Lebanon Hospital, New Yorlc. 
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and other adventitious matter, the nmscnlar tissue of the hearts is cut up into 
small pieces and passed through a meat grinder a. few times until a very fine 
jiaste is obtained. The paste is spread in very thin layers over cheese elotli 
stretched tightly on wooden frames and dried continuously for two days a! 
room temperature by means of an air blast. The dry tissue is broken up into 
small pieces and ground to a A'ery fine powder. One hundred grams of the 
di’y powder are shaken continuously in a liter flask with 400 c.c. of pure anes- 
thesia ether for ten minutes and filtered through a fat-free filter paper. The 
powder on the filter paper is pressed lightly with a spatula until no more 
ether passes through the funnel. The moist powder is returned to the flask 
and again extracted with 400 c.c. of ether, following the same procedure as 
in the first extraction. This is repeated once more, making three extractions 
in all, with a total volume of 1,200 c.c. of ether. After the third extraction 
the moist powder is spread on a glass plate or on a clean paper and dried at 
room temperature until the odor of ether is completely gone. A weighed 


quantity of the ether-extracted powder is introduced into a dry flask, and 
absolute alcohol is added in the proportion of 5 c.c. of alcohol to 1 gm. of 
powder. The flask is covered tightly with a cork -wrapped in tin foil and 
allowed to stand in a dark place at room temperature for four days. It 
shaken daily for five minutes. At the end of the fourth day it is filtered 
through a double layer of fat-free filter paper and is cholesterinized with f 
mg. of pure cholesterol per cubic centimeter of extract. When the cholestero 
is completely dissolved, it is allowed to stand at room temperature for twentj- 
four hours and filtered. . About one-tenth volume of the alcoholic extract a 
transferred to a small flask and shaken vdgoronsly with small amounts c 
dimethylamidoazobenzol until a saturated solution is obtained as evidenced h} 
an excess of the dimethylamidoazobenzol. This is filtered through a double la.u’f 
of fat-free filter paper into a small graduated cylinder, and three volumes 
the alcoholic extract are added to the cylinder and mixed well. The lest o 
the alcoholic extract is saturated with sudan III dye and filtered. The tfl^ 
solutions are now mixed in the 3 n’oportions of 85 vmlumes of the 
extract to 15 volumes of the dimethylamidoazobenzol and shaken uell. 
antigen is now readj^ for use. Antigens thus prepared eighteen months flr 


were found to contain their full potency*. ^ 

Performance of the Test . — An antigen-saline suspension is 
placing a measured volume of antigen in a Avide test tube, about 15 mm. ou 
diameter, and adding rapidly to it two volumes of 0.9 per cent ‘ 

solution. The mouth of the test tube is closed with a clean cork coacicc 
tin foil, and the mixture is shaken rapidly ivitli an up-and-douu 
one minute. The suspension may be used immediately' and ivill not 
potency for at least tAventy-four hours. The serum is inactivated in 
manner at 56° C. for half an hour. Tavo drops of inacth-ated serum («PJ 
mately 0.08 c.c.) are placed on a clean smooth glass .slide, and one rop^ 
proximately 0.03 c.c.) of the antigen suspension is dropped direct y 
serum from a distance of about 1 cm. The serum and antigen a 
together Avell by means of a thin glass rod, thereby spreading out t le 
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to form a tirolo about la iniii. in (liiiiiietcr. 'I'lie slide is nou- rotated witli a 
p:yratQiy motion for three minutes. In strongly positive sera large red floe- 
cule.s appear vitiiin a I'eiv seeonds; after a inimite or two of rotation, the 
tioccule.s aeenmuliite at the edges of the circle, leaving a clear colorless 
meclimii in the center. In weakly positive sera floeeiilation appear.s more 
slowly, in from one to three minutes, depending ujioii the amount of syphilitic 
reagin in the serum, and the fioccules are of a smaller size and fewer iii num- 
ber. With a little experience, one soon learns to judge the strength of a 



’Ositive reaction hy the numher and size of the fioecules and by the .speed 
'ith which they apiiear. Noiisyphilitic scrum shows no flocculation whatso- 
■'ci, and the edges of the circle remain .smooth. AVhen examined under the 
oa-iiower len.s of the microscope, negative serum shou’.s a large numher of 

slender needle-shaped crystals, somewhat thiekened in the center and 
minted at both ends. These crv.stals arc evenly distributed throughout tiie 
iiicroseopie field. Syphilitic serum shows large clumps of crystals surrounded 
W clear spaces. 

Close to 10,000 tests were performed hy this procedure during the last 
'■Mr and a half and compared with the ■\Va.sserinanu and Kalm tests. Good 
i|Brecmenfs were obtained witli both the Kalm and the Wassermami tests. 
Particularly good agreements were obtained with 2,000 AVa.ssermami^ tests 
PMformed witii a highly specilie cliolesteriiiized antigen obtained thfo^h the 
mnrtesy of the New York State Health Department. The Yhasserpiaim tests ^ 
performed witli tliat antigen elieckcd well with the clinical historic.s...-^ 
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Because of these eiicourag’ing; results, this simple aiul rapid method h 
recommended to the syphilologist in the hope that it may prove a valiiahh 
aid to him in the diagnosis and treatment of syphilis. 

I wish to express my gratitude to Dr. J. C. Ehrlich, Director of Laboratoric.?, Dbir ,- 
Hospital, for his invaluable help and encouragement in this work. 
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AN IMPROVED TEST TUBE RACK'' 


Robert P. Ervin, M.S., Notre Dame, Ind. 


T here is need for a test tube rack which will hold test tubes so fir®, 
that they will not rattle nor slip out. The test tube rack described Ihi^ 
was designed to eliminate some of the objectionable features found in n* ^ 
racks. Tubes are usually supported in holes punched in plates of 
wood. Application of this principle makes it impossible to design a 
rack which will hold a variety of tubes tightly, iloreovcr, most ineta 
and basket arrangements are easily damaged by bending and 
are difScult to repair. More than this, if a rack is to be used foi 
varj’iiig sizes, only the tubes of uniform diameter will he held ’ 

other tubes, unless suppox’ted at several points, will rattle and .slip on 
It is felt that these disadvantages have been overcome in the 
trated in Pig. 1. The design consists primarily of a zigzag bai, suppo 
each end by uprights from a fiat base. The entire construction is cas 
piece from white metal alloy, and is cadmium plated. A d 

coil spring is run doivn each side of the rack through holes in ^ 
each V in the zigzag bar. These springs are fastened secuielj a 
by metal tapping screws. The standard model rack is 12% gi 

inches wide at the base, and 2% inches high. It will accommoca^o 
% inch to % inch out.side diameter, and has a capacity of 20 k' 

Xotre pa'U'’. 

•Fi'om the Laboratories of Eacteriologyv University of Notre Dame, 
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Fig. 2. — All tubes are 


visible from one position. 
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^YIlen in use, the tubes are held firmly in the V-shaped slots hy tlie coil 
spring and rest against the base of the rack. They are easily slipped in ami 
out of the slots, but are held so tightly in place that the rack may be tuniej 
upside doivn without causing the tubes to fall out. 



Fig. 3. — Showing three point supi>ort and continuous spring detail of tlie test tube rack. 

The simple, sturdy construction makes cleaning easy and provides a rack 
which will endure hard use in a laboratory for years. The use of the zieza? 
bar makes all tubes visible from one 250sition without removing any of tliew 
from the rack. This is a decided advantage when it is necessary to compare 
reaction-tubes with controls. The manner of holding the tubes allows tlif 
rack to be shaken in a shaker or by hand without rattle or danger of slippin.C' 
The design of the rack as well as the space-saving way of holding the tiik.' 
guarantees its efficiency for use in water baths, incubators, ice ciiest.s, etc. 

In summary, a new test tube rack has been designed, and its erncjcn''.' 
has been proved in the laboratory. Its advantages are simplicity of de.^ipE 
ease of use, sturdiness of construction, economy of space, and rigkbO as .. 
support for test tubes. 

Tills test tube rack is manufactured and distributed by Rayno Reseaicli, 3S06 N 
Ave., OjicafTo, III. .Vfter the clesigrn of Professor James A. Beyniers. 


AN ALL-GIjASS adjustable MOUSE CAGE" 


Thomas AV. Kay, Pji.D., AIifAVAifKrK, Wis. 


TT BECAME necessary to develoj) an all-jrlass adjustable mouse caj^o of siiffi- 
A cient size to IioUl a considerable number of animals. Tbu type of tape is 
convenient to use and embodies the followinjr spotul features; (1) aniple 
ventilation, (2) pdass -wlicels for c-vercisinp:, (J) an attached drinkiii«f foun- 
tain, (4) ease in disasseinblinp- completely or in sections lor cleaiiinp'. (5) 
convertible into one, two, three, or four units. 



Fjff. 1. 


Ill a board 1 % indies tliielc, 12 inches wide, and 28 inches long, a groove 
/i inch Avide and inch deep was made parallel ndth, and 1 inch from, the 
Iiack, the full length of the board. At right angles to this groove, five similar 
lilies were made, each 6 inches apart and 9 inches long, dividing the board 
into four 9 by G inch sections. 

Plate.s of double strength glas.s, 9 inches by 9 inches, placed on edge in 
tlie gro oves, form the back, end w-alls, and file partitions, ivliiie glass tubes 

•From the Department of Blochemistr)-. Marquette University Jlcflical School. Milwaukee. 
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8 nun. in diameter cemented in holes bored 4 mm. apart through the board, 
and parallel with the edge, serve as the front and allow for ventilation. 
Suitable braces support the back and ends from the outside, while the middle 
partitions keep the back plates from tilting forward. The four sections are 
covered by plates, 6 inches by 12 inches, whose edges fit into grooves in the 
back brace.s. These top plates slope slightly toward the front, resting on the 
ends of the glass tubes and fitting between the end walls and the iniddle par- 
titions, holding them erect. The front edges of the tops slip into a groove in 
a narrow board and are held down and back by latches securing the ends of 
the board to the cage. 



In the corners of each of the four sections holes, % inch in dianietei 
inch deep, are made in the board. Glass tubes placed in these lo 
extending 1 inch aboA^e the board serve as supports for the glass ^ 

A glass disc, 5% inches in diameter, frosted on the top side, to ' 
fitted a brass shaft, provides an exercise Avheel. The lower end o 
rests on a steel ball in the bottom of a glass tube. The metal nut < 
disk, and securing the disk to the shaft, is covered with a glass pocitioo 
shaft is completely protected by the glass tube. The wheel is ^ gt 
for use by inserting the shaft, coA'ered by the glass tube, into a 
a slight angle through the glass floor and into the board below. ^ 

Any one, or all, of the plates dhdding the cage into 1^,. '„jny 

moved, and plates, which extend only 2 inches above tlie gloss 
substituted, thus making it possible to conv’ert the cage into one, 
or four units as desired. 
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The mice may be confined in any one .small section while the otlier parts 
of the cage are being cleaned. A gla.ss drinking tube is held erect and secure 
by inserting it into a glass cylinder and .slipping the cylinder over two of the 
glass tubes forming the front of the cage. A .short cylinder is first passed over 
the two tubes holding the'moutli of the drinking fountain tlie desired height 
above the floor. 


A NEW SAHIJ TYPE HEAtOaLOBINfBrETER* 


Rus.sEi.r. h. flADEN, Ct.Evr:i.ANi), Ohio 


O OWERS first suggested in 1878* the quantitative estimation of hemoglobin 
by diluting a fixed amount of* blood in a graduated tube until the color 
matched that of a standard in a tube of equal <liamett'r. The blood was diluted 
'vith distilled water and compared with a solution of picrocarmino in glvcevm. 
A few years later Sahlp modified this method by converting the blood into acid 
hematin by mixing with N/10 hydrochloide acid and comparing it with ti solu- 
tion of acid hematin. Haldane^ still later u.scd a carbon ntonoxide-hemoglobin 
standard and converted the hemoglobin of the unknown blood into this com- 
pound by bubbling illuminating ga.s through it. 

The Sahli method of licmoglobin deterininaticui lias long been a favorite 
one. Tlic apparatus is inexpensive, and the brown color of hematin is easily 
matched. It is necessary tliat the bore of the standard and tiie graduated tube 
be exactly the same, the pipette must be accxirafe, and the standard must be 
correct. The liquid .standards of acid hematin were soon found unsatisfactory 
because of fading and other difficulties and have been replaced by glass standards 
to match acid liematin. Tlic round tube has also been replaced by a square one 
which is made over a metal core and so has a uniform inner diameter. 

Even after the square tube and an accurate glass standard which matches 
3cid hematin closely are provided, one difficulty with the Sahli method remains. 
The glass standard is the same throughout its length. The blood is gradually 
diluted until it matches the standard. It is very difficult to tell when this matcii 
is correct or to choose among several approximate matches. Usually the dilu- 
tion is continued until the unknown is a lighter shade than the standard. 

A new Sahli apparatus has been devised to overcome these objections 
{Eig. 1). tijq mechanical features have been developed by C. A. Hausser an 
Son; I have standardized the apparatus. The glass standard is divided into 
three windows, separated by opaque bands (Figs. 2 and 3) with a 5 per cent 
'nriation in the hemoglobin value between eacli of the three standards. le 
^'’indow is the standard color, with which the specimen is to be matched 
' tg. 4). The low'er window is 5 per cent darker, and the upper window is 
lighter. There are thus alwa>'S three standard.s for comparison. AVlien 


*From the Cleveland Clinic. Cleveland, , , ^ 

Arthu?H hemoglobinometer Is made by C. A. Hausser and Son and is sold M the 

ihomas Co.. West Washington Square. Philadelphia. Pa. 
deceived for publication, November 18, 1939. 
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the correct reading is made, this match is evident from tlie ligliter color aljovc 
and the darker color below. The colored glass provides a close mateli lor the 
acid hematin, as shown by spectrophotometric readings. 

The color in the graduated tube and that of the glass standard are liroudit 
into .inxtaposition with a pair of prisms which locate the two color factors in 
the same focal plane. A square standard tube (Fig. 5) is emplo 3 -ed. A mac- 
nifier is used to enable focusing past the surface of the calibrated tube and the 
plane glass surface of the colored glass standard. The inside diameter of the 
glass tube and the glass standard are checked photoelectrically. An Ulrirh 
pipette (Fig. 6) is used in place of the original Gowers pipette employed ivith 
the Sahli apparatus. 




Fiff. 4. 



Fig. 5. F'S- C. 


Fig. 1. — Front view with magnifier in position. . 

Fig. 2. — Front view with magnifler removed, showing color mate nng 
glass prisms. chnwin!: one-li-il’ ' 

Pig. 3. — Bear view with ground glass or "daylite" plate remo\e , 
color matching rectangles. , ..pctanph-- 

Pig. 4. — Field of view showing both halves of the three color ma c i poUitlrn- 

Pig. 3. — Graduated glass tube of square cross section for tlie acu i > 

Fig. 6. — Ulrich pipette for collecting blood specimens. 


!r.l 


Calibration. — The apparatus has been standardized to lea j ,, 

hemoglobin per 100 c.c., liy comparing readings with those ma e 
Hausser laboratory model hemoglobinometer. No direct 
made with tlie iron-content and oxj’gen-content methods, but t ic ^ 
instrument has been repeatedly proved to give results compaiai 
tabled by these two methods.'* on ll- 

The comparative readings mth twenty different specimens o 
two instruments are given in Table I. 
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PROCEDURE 

The Dh'ich pipelte must be tboi'ougWy di*ied. B\ood is dra-wn to tlie 20 
c.TRin. mark. The tip of the pipette is wiped ofC, and the l)ulb is tilled with 
N/10 hydrochloric acid. This is then completely emptied into the graduated 
tube. If an ordinary 20 inni. pipetfp is used. iV/10 Jjy{IroeJ)loj’ie acid is rini ijito 
the graduated tube in the two graduates, blood is drawn to the graduafiou mark 
oil the pipette and run into the acid in the tube. Tlie diitifed blood slionid be 
ilnnni liack into the pipette several times to completely empty it. 
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.Sl’KCI'IE.V XO. 

in:.MOGioBi.v IV oiiAM.s 
irAnrv-ii.ir.ssEi: iahokatiiry 
M oiiEL nF.Mom.oRixoMm r.i: 

rm 199 C.r. nv 

N'aw KA]rLi-(r.U',:N' 
UKsmof-fiinvo mcikr 


fftn. 

//m 

1 

16.0 

I'e.ii 

ij 

iL’.ft 

11 S 


9.5 

9 i 

4 

11.0 

19 S 

o 

1(5.0 

16 9 

6 

14.0 

Kkfi 

7 

1(5.0 

l(i,2 

8 

8.1 

K.J 

9 

1(5.0 

!.'>> 

10 

10.5 

19.5 

11 

8,0 

> •) 

12 

0.0 

!' 0 

IP, 

1(5.0 

pj 2 

14 

10.7 

1(5.7 

13 

6.0 

6.0 

Hi 

s.o 

7.S 

17 

11.0 

10.6 

18 

6.0 

8.2 

19 

20.5 

JO.8 

20 

6.0 

R.2 

lifean 

1I..12 

n.28 


After standing thirty minutes, the color comparison is made. If the rend- 
big is made after ten minutes; 4 per cent is added ; after tifteon minutes, 3 
per cent; and after twenty minutes, 2 imr ccJit. Readings eaii be made eitiiex 
witJi dayliglit. using tlie ground glass back plate, or witli artiheiai light using 
^ “daylite" glass plate. 

In making the color compari.son, the magnifier should be ioeiisod shaipb 
on the windows of the black mask. Add wafer witli an eye dropper, mixing 
constantly with the stirring rod until the color of the specimen approximates 
ibat of the lowest window. Tiien add water carefully until the speeimon 
n'atches the middle window. If the matcli is correct, the lower window will he 
darker and the upper window lighter than the speciuieu. 
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PEEGNAKCY. An Investigation of the Patterson Test for the Chemical Diagnosis ct 

Pregnancy, Krieger, V. I. IM. J. Australia 1: 494, 1939. 

The author concludes that the Patterson test is the most satisfactory chemical tcR 
so far advanced for the detection of early pregnancy. 

The Patterson test is carried out in the following way: 

Fifty cubic centimeters of concentrated early morning urine, just alkaline to mcthvi 
red, are heavily inoculated with S. coli and incubated overnight. While the urine is still 
warm, 0.5 gm. of sodium bisulfite is added, dissolved by being shaken, and allowed to starl 
for fifteen minutes. The urine is extracted twice with 40 c.e. volumes of ether. The comhincl 
ether extracts are washed with water and then shaken with 30 c.c. portions of 10 per ce-nt 
sodium carbonate until the carbonate layer is quite colorless. Tlic ethereal solution is again 
wa.shed with distilled water. The ether layer is extracted with two 30 c.c. volumes of Ji/M 
sodium hydroxide. The combined alkali solutions are acidified to Congo red with a 25 per cent 
solution of sulfuric acid and then extracted with two 40 c.c. volumes of otlier. There coni’ 
bined ether extracts are washed with distilled water, with 10 per cent sodium carbonate, ami 
finally with two volumes of distilled water. The final clear, colorless, ether solution is tranf- 
ferred in two portions to a 50 c.c, flask, and the ether is removed by distillation in a water 
bath at 70° C. The final traces of moisture are removed by application of direct suction to 
the flask. Tlie dry residue is heated for ten minutes in a boiling water bath with 1 c.c. o 
plienolsulfonie reagent (9 c.c. of pure carbolic acid and 14 c.c. of concentrated su! nne 
acid). Tile mixture is cooled under the tap, treated with 1 c.c. of a 5 per cent solatioo 
.sulfuric acid, and is tlien relieated in a boiling water bath for two and a half minutes. 
positive reaction is indicated by a pink or red color; in tiie absence of this change, the rea lOr 
is negative. 


ERYTHROCYTE SEDIMENTATION, Practical Value in the Management of Puhnoaary 

Tuberculosis, De Cecio, T., and Elwood, B. J. Am. Rev. Tuberc. 39: 74S, ]93!>. 

The studj’ of the sedimentation rate with a view to establishing its praetic. 
in the management of tuberculosis of the lungs reveals the following facts. 

In the initial study of a case, the occurrence of an elevated rate indicates, i 
sidorable majority of instances, the presence of an active lesion. However, f >e P 
of a normal rate does not exclude an active lesion. 

In the correlation of serial rates with definite pathologic trends, the F 
(55 per cent) of compliance of the rates with the anatomic course is not o 
significance to be of practical value. 

No greater percentage of relapse or reactivation occurred in the group 
with elevated rates than in the one with normal rates. Furthermore, n co 
majority of those patients with su.stained elevation of the sedimentation ra e 
niained well from one to five years. jP P:' 

The information obtained from the clinicopathologic study reveals not _ 

also more information than can be gleaned from sedimentation rates alone, 
gre.ater degree of accuracy. (uhert“’‘^'-‘ 

Thus the use of the sedimentation rate in the management of pulnionarp j,, p 
as a criterion of activity, course, and prognosis is not of sufiicient clinica 
essential in the care of the tuberculous individual. 


32S 
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balantidiasis, Young, M. D. .T. A. A. 113: oSO, 1939. 

Seven infections with JlaJaniuJium coK in white women were observed by tlie autlior in 
South Carolina and 2 cases were found in Tennessee by Meleney. 

The infected patients had elironic diarrhea and occasionally dysentery. Trichvriii 
irichiura, Necotor omericanus, and Utrontfyloulex slrrronilit «cre present also, and conse- 
quently the symptoms may not have been due entirely to the balantidia. 

Frequent examinations of the stools were made in ca-ses of infection. Trophozoite.^ 
were found 127 times in l-l.T examinations, a percentage of S7.5. Cyst^ were found 1.3 
time.s, a percentage of 8.9. 

Kpideniiologic evidonco indiente.s that the pre.^ent infections were contracted from 
human sources rather than from hogsj swine are goncrany thought to be tho .“jource for 
most infections in man. 

The balantidia di.sappcnred from the stools of two patients treated with carbai^one. 
The stools of one patient were still free after five months. One month had elap.sed since 
the treatment of the second and no balantidia had been seen. Oil of chenopodiiim given 
orally was not eflicacious. 

Few reports of this disease occur in the litoratuio. Pnnious to thi.s report, .32 cases 
had been reported from 16 states. Thi.s report adds !> more cases troin 2 states. 

The evidence indicates that the disease may be mote ptevalent than is reimrted. 


endocarditis, Subacute Bacterial, Evaluation of SulplianUamlde in the Treatment of, 

Spink, W. W., and Crago. T. H. Arch. Xnt. .Afed. 61: 2‘2% 1039. 

Sulfanilamide was administered to 12 patients m-jHi 'uba'-ufe bautetial endocarditis. 
The etiologic agent was Str. in II patients and AMpA tilbvH in one. Of the 2 pa* 

tients who appeared definitely improved after receiving ll.c drug, one eveotually died of 
the disease, and at tho time of writing the other hoc been «eU for mne months. 

All the paticnt.s had bactertemia. Sulfanilamide rendered the blood stream sterile in 
6 of the 12 paticnt.s. This bactericidal efTcct appeared to be only tempornrv’, except m « 
patients. 

In 4 patients there was a decline in the temperature coincident with tho administra 
tion of sulfanilamide. There did not appear to be any relationship between the egree 
of fever and the therapeutic effect of sulfanilamide. 

Although the drug was taken for a long period by .several patients, there was a 
marked decline in the erythrocyte level in only one person. In no patient was a t epres 
Sion of the leucocytes observ'ed. 

There was no defitiite relationship between the amount of free sulfanilamide in the 
blood and the effect of the drug on the Imcteriemia. 

The u.se of sulfanilamide in tho treatment of patients with .subacute bacteria en 
carditis is of doubtful value becau.se of the nature of the focus of infection. 

It appears from the foregoing observ’ntions that the administration of aulfam 
to patient.s with subacute bacterial endocarditis will, in some instances, ren er 
circulating blood free of organism.s. Except for 2 patients this bactericidal effect was 
®aly tomporar}' and depended on the continued u.se of the drug. In 2 paticn s e 
^inprovement followed the u.se of sulfanilamide. However, tho author behove that 
sulfanilamide and its related compounds will be of doubtful value in the 
patients w’ith subacute bacterial endocarditis because of the very ® , 

® infection. The proliferating mass of bacteria situated well beneat e •inmide 

yegetation is probably protected, at least in part, from the action of free ^ 

lu the blood, as well as of specific antibodies. When the organisms approac - 

the vegetation, they are carried off in the circulating blood, and under the 
stances may be killed. An analogous therapeutic situation is now . 

t;c^tment of patients with bacteriemia due to beta hemolytic 

ftated that in a number of instances of infection of the blood stream an infected throm us 
^ Jarge ves.sel has prevented satisfactory elimination of tho baetenemm. 
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Since the presence of sulfanilamide in the hlood may liave a hacteriostatic effffi 
on some strains of Str. virUlans, sulfanilamide probably should be administered to ar.r 
patient Y-ith valvular lesions who maj- be subjected to oral surgical procedures. It.isndl 
known that after the extraction of teeth or after a tonsillectomy temporary baeteriemia irilh 
Sir. riridans may result. 


CHEMOTHEBAPy, Present Position of, by Drugs of the Sulphanilamide Group, Brovmiag. 

C. H. Brit. jNI. J., Aug. 5, 193£), p. 266. 

"While cure of certain experimental general infections with bacteria by .sulfanilai-nidf 
compounds is an enormous advance, the efficacy of the pre.sent drug.s ist by no mean.' itiw), 
So far at least as mice are concerned, sulfanilamide is .surpa.ssed by, for e.vample, M A- B 
693, rodilone, and especially the related monoacetyl-p-p-diaminodiphen.vl-sulfone. Bat 
with them all the range of effective dosage is not wide, and treatment to he most succo”- 
fill must be begun early. 

Further work on the absorption and excretion of members of tlie series, and on tie 
chemical transformations which they may undergo in the body, as well as clinictil oii 
servation, is required in order to enable tbem to be used to tlie best advant.nge as if- 
gards the choice of drug, and the dosage in amount and spacing in time. For iiistariCf. 
in treating infection of the meninges by oral or subcutaneous administration it inl! 
probably be found that one which rapidly attains a high concentration in the cerehto- 
spinal fluid, such as sulfanilamide, ought to be given in the first place, while more rotcr.t 
but more slowly absorbed compounds, provided they ultimately reach the spinal fluid it 
sufficient amount, are used to re-enforce and maintain the action. 

"Where conditions favorable to general infection have arisen, prophylactic U'C ei 
the sulfanilamide group should be valuable. Wliere infection has been e.stablishcd, 
best therapeutic effects are secured in acute, diffuse conditions, without marked local 
changes. Hence those drugs are not likely to obviate operative procedures where fon 
lesions, such as accumulations of pus or extensive necro.sis of bone or other tissues, u 
occurred. Accordingly, powerful antiseptics which act when brought into close lonta t 
with the organisms locally, and which are relatively harmless to the tissues, "id ''''' 
tinue to be required also in the treatment of many septic infections. 


SICKLE-CELL ANEMIA, Sedimentation Bates of Sickled and Non-Sickled Cells 
Bunting, H. Am. J. M. Sc. 198: 191, 1939. 


Sickled erythrocytes from patients with sickle-cell anemia 


and the sickle-cell Ira' 


did not form rouleaux and remained almost unsedimented after one hour .s time, 
nonsickled cells from the same patients formed rouleaux and sedimented. 


wlii!- 


BIOLOGICAL FL"CriDS, Preservation of, Maier, E. J. Bact. 38: 33, 1930. 

A new compound, alkyl-dimethyl-benzyl-ammonium chloride, has hcen sfudi 
crence to its germicidal, bacteriostatic, and inactive zones in accordance 
"disinfectant spectrum," as proposed by Marshall and Hrenoff (1937). , It 

this compound in dilutions of 1:4,000 has been studied in the cornea of j, 

histologic methods. Comparisons were made with 3.5 per cent tincture ® (piRv 
was shown that one single application of the iodine tincture wa.s eomp^'"' 

the cornea completely and to produce piermanent opaquenes.s in the same. ^ .yenfi’-- 
under discussion has been applied to the cornea daily for ten days, with no con 

A dilution of 1:50,000 in staphylococcal bacteriophage was found as' 

with the reproduction of the phage. Furthermore, the phagc-disinfectan m j,, 
found to be capable of reproduction of new phage after three mon . 
refrigerator. The same concentration of the compound was employed in t le 
of vaccines and venom solution.s. 
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PNEUMONIA, Pneumococcic, Treatment of, with Concentrated Antipneumococcic Eabhit 

Serum, 'Wood, W. B., Jr. .7. A. Jf. A. 113: 74.">, lp.19. 

Fifty imticiits with pneiimococcjc pnciinmnia of uvio Otftcrcnt t.qio were treated 
with concentrated niitipiicuinococcus rabhit .scruni. I'ifrht patient'* irifh fj^pe III pneu- 
monia were treated and 4 died, the serum seoinin" to lie reIntiveJy ine/Tective with tJiis 
t.vpe. For the remairiinjj 42 patients the fatality rate was 14. per cent, although 20 per 
cent of the patients had bnetericunia and a like number Jiad nmltilobar contiolidation. 
Excluding’ the patient.^ with typo III pneumonia, all the patients who failed to .survive 
h.id more than one Joljc involved, and all had more than five colonics of pneumococci per 
cubic ccnliinoter in the blood culture except one, an ft^-ycar-old white woman who died ot 
congestive heart failure and uremia. The incidence of empyema was T per cent Tlnunml 
reactions were relatively coninion, occorrinp in 2(J per cent of tlie patient'?, and delayed 
mum sickness devcioiied in more than onc-thiid of the patient« 

RABIES in Birmingham, Alabama, Denison, G. A-, and Dowling, J. D. .T, A. M. A. 113; 

."ifiO, 103f). 

The data pre‘«entcd aic not of a f3’pe to warnmt definite cone)ii.'«ions. The followdny 
Several statements are ofTorod n.s implicit in the CA[*criouff uied; 

Kalne.s is prininril_v n veterinary' problem. ftcgaidJe''-. ot its prevalence .imong 
dogs, jt will probably never cause .sunicient inoibiddv or nu'rtj'itv among Jmmaa beings 
ifl this region to allow its cfassificatiou as u public health piobieni ot inijujitanrc. 

If rabie.s were n.s easily contracted by man a« »•* eonunonl' mpposed, it W'ouJd iiC'-mie 
One of the leading cnuso.s of doatli in Alabama. Instead, it «'<)i<ttnijC'> to be a ^e!^ icro 
(liscase. 

In this region there appears to bo little rclati'ni'^Jiip bidweeti i”<«itality frjju rrhii-s 

the administration of nntirablos vaccine. 

A<icle from an actual bite or .scratch, circumstao' < s ot e\io< ure riuelv wanunt 
Vaccine treatment. 

irhen considering the advisability' of treatmo'it fm «*\p‘)s«rt otlier thru an actual 
bite, the possibilitio.s of vaccine j'araly'.sls or other «>rii<»us eompbcations should oc con'* 
sldered. 

The problem of rabies, as it is known in Birmingham, appears to be ono of homo* 
owned dogs (pets) and not of unidentified strny.s. 

TUBERCULOSIS: Comparison of Tuhercnlin Patch Test with Mantoux Intracutaneous 

Test, Taylor, G. Am. Bcv. Tubere. 40: 230, 10.3‘b 

A total of 23.7 per cent of 744 subject': gave a positive Mantoux and a positive 
patch te.st; GS.G per cent gave a negative Mantoux and a negative patch test. Thus the 
two tests yielded couiparalde results in Pb3 per cent of the persons tested. 

In 3.G per cent a negative Mantoux .nml a positive patch test were oI>.':oriea, o 
these 27 sul)jects, 20 were found among young adiilt-S students, and nur.se«. 

In 2.0 per cent a negative patch test and a positive iMantoux wore .seen; of tice 
^5 suiijeets, 32, or SO per cent, w'erc above 30 years of age, . , +i 

In this series of 744 cases in whieli the VoJlmcr patch te.st was compared with the 
Mantoux intracutanenus using 0.1 ing. O.T., the results indicate that tlie ftinipler 

VollKier test i.s equally a.s effective as the Mantoux te.st, and posse.s.se.s many advantages 
lor the phy’sieiari a.s well as for the patient. 

TUBERCULOSIS: Culture Method in Sputum Examination. Loesch, J., and Petrik, T. 

Am. Rev. Tubere. 40: 233, 1939. 

A total of 1,028 .sputum examinations on the same number of cbnic patients are 

Reviewed. 

''Vhen the culture method was u«ed to supplement smear and concentration, 24 per 
Cent of the total number of positive cases were detected by* culture only'. 
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The economic advantages of this method are self-evident. 

It is suggested that all sputa -which are negative on direct .smear he cidtured. 
The cultural method used in this study is that described by Petrik (Am. I. 
Path. 8: 134, 1D3S). 


BEOMIDE Intoxication, Gundry, L. P. J. A. U. A. 113; 466, 1939. 

Bromide intoxication is a common condition, and, judging from the hundred' 
cases -which have been reported, it is prevalent in all parts of this country. In s])ite 
its prevalence, many physicians still fail to recognize this condition. 

The cause of bromide intoxication is most commonh' a physician’s pre.'cripi’ 
written for an alcoholic addict, a psychoneurotic person, or a psychotic patient. If the 
chloride intake is low, or if the patient is suffering from some debilitating discafO, in- 
toxication occurs more readily. ‘ 

The severity of the sj’raptoms of bromism closely parallels the elevation of the blood 
bromide level. These symptoms are characteristic and are found in some degree in all p»- 
tients with a blood bromide content above 150 mg. per 100 c.c. 

An alert physician should be able to make the diagnosis from the history and phj-‘- 
ical examination. The blood bromide should confirm the diagnosis. 

The prognosis should be guarded until the underlying condition has been studied. 

Treatment of bromide intoxication is divided into preventive and curative inca.'ure.'. 
The latter is easy and satisfactorj-, but the former is more important for the physician 
to remember. 


SEDIMENTATION TEST, Choice of Technique for, Hambleton, A., and Christianson, B. A 

Am. J. M. Sc. 198: 177, 1939. 

The data obtained at this tuberculosis sanatorium indicate that the sedimentation 
test remains today essentially -what it was when Fahraeus introduced the te.st in ]91S, an 
that all the significant clinical data -which maj' be obtained by sedimentation proce ore 
can be found by a single one-hour reading by the Westergren technique. Allege in' 
provements upon the Westergren sedimentation method have been presented which 
theoretically correct, e.g., correction for cell volume, use of heparin in place of citrate,- 
graphic methods of recording the results. Instead of making the test more 
these changes have the re%’erse effect, and either lead to results of less clinical ' a 
or make the test more tedious to perform or less clear to interpret without increasing 
clinical value. Hence it is recommended that the IVestergren method, b) reason o 
simplicity, reliability, and priority, should be adopted as the standard method o P 
forming the sedimentation test. 


In conclusion, those who use the Westergren technique should keep m 


mind that 


due to the narrow bore of the tube, it is all the more important to see 
perfectly vertical during the test. 


that the tubes are 
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CLINICAL AND EXPERIMENTAL 


INDUCKD RETICULOCYTOSIS IN THE RAT AND ITS RELATION TO 
THE LIFE DURATION OF THE RED BLOOD CELL^ 


0. G. Harne, John F. Lutz, and Carl L Davis, Baltbioke, !Md. 


\ REVIEW of tlie literature reveals that four different approaclies have 
been made to the problem of the life span of the red blood cell. Thc.se may 
be grouped as follows: (1) bile pigment output,’-^ (2) agglutination of trans- 
fused cells,®"* (3) reduced oxygen tension of the air,® and (4) blood replacement 
following hemorrhage.® 

In no case have the different methods given comparable results. However, 
it must be recognized that in all these studies the number of subjects making up 
given series was small. In one instance the report was made upon a single 
animal.® In the present stridy we have applied the principle of blood replace- 
ment following hemorrhage to the problem of the life duration of the rod blood 
cell in the rat using daily reticulocyte counts as the index. 

It became apparent immediately that a great deal of preliminary work must 
be done upon rats if we were to correctly translate our results into evidence 
bearing upon the life duration of the red blood cell of this animal. We have, 
therefore, included in this report also, a method for making permanent prepara- 
tions of rat reticulocytes ; a report upon the control level of rcticiilocytos in a 
total of 22 animals ; and the reaction of animals to various degrees of single and 
repeated hemorrhage. 

METHOD 

It was found that constant successful staining of rat reticulocytes was best 
accomplished by tlie direct smear method, using brilliant cre.syl blue stain. Tlie 
slides are first stain processed. The blood smear is made upon a cool slide (G0° 
to 70° p.) and promptly, wliile still wet, placed in a humidity cliamber (70 to 

the Department of Histology- and Embryology. University of Marjland. School of 
Received for publication. April 22, 1939. 
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SO per cent saturation) for three minutes to permit staining. Tlio ivliole prwf- 
ilnre follows in detail. 

There are three major steps: (1) preparation of the slides, (2) preparatki 
of the blood smears, and (3) counting. 

Preparation of the Slides. — Part 1, Washing. Tlie slides are placed one h 
one into sulfuric acid-bichromate cleaning fluid for twenty-four hours. They an 
then removed and dropped one by one into running water and washed for tiir 
hours, then rinsed three times in distilled water and placed in 80 per cent alcoVi 
until needed. 


Part 2, Stain Processing the Slides. The slides are removed one by on; 
from the 80 per cent alcohol and carefully dried rvith a piece of clean chK?c- 
cloth, previously washed with ivory soap, rinsed in distilled water, and driei 
( It is convenient when preparmg large numbers of slides to do them in group 
of 15 or 20.) To proceed with the stain processing arrange the clean slides ins 
row from left to right in front of the operator, placing them at an angle of aboa! 
45°. Pour 5 e.c. of a saturated alcoholic (absolute) solution of brilliant cresy! 
blue into a 50 c.c. pyrex beaher and proceed promptly as follows; Pick up th 
first slide by the edges, holding it between the thumb and index linger. Dip tb 
opposite end into the stain, touching the bottom of the beaker; remove immedi- 
ately with its burden of stain'^' and touch it to the top surface of the second slih 
about 2 cm. from its near end. Now by supporting the slide only upon the tip 
of the middle finger at an angle of about 25°, push the stain-laden slide (No. b 
smoothly but rapidly across the slide whose surface is to be stained (No. -)• 
Then lay the slide across two glass rods to dry. (The speed at wliich the sla-u 
is spread determines the thickness of the stain film.) A thin even film of sh® 
results. Thus each slide has been partially slain processed, No. 1 on its • 
No. 2 on its top surface. Now in like manner use slide No. 2 to process the sw 
face of slide No. 3 ; slide No. 3 to process the surface of slide No. 4, and so os^ 
luitil the whole group has been treated. Finally, the last slide is usedtoapp^. 
the surface coat to the first slide, completing the task. These slides xcp ® 
definitely, but must be cooled to about 60° F. before making the blood smears. ^ 
Preparation of the Blood Smears. — There are two parts: (1) 
tion of humidity chambers to prevent the smears from drying too ^ 


(2) the preparation of the smear, counterstaining, and mounting. 


Three siroP*t- 


I V/A. fXAV/ OAllV-Cil. • W VtA* V V/ X O i- « * * 4 . ** *.55 • ^ 

yet very satisfactory, humidity chambers may be quickly prepared 
several layers of blotter paper in the bottom of a shallow baking pan. - ^ 
with tap water and invert three 10 cm. Petri dishes over the 
A weight may be placed upon each Petri dish to prevent too much lea 'ag^e 
moist air. In a few minutes after the chambers arc set up they aie jj., 
use. The use of three chambers was found convenient and gives .lust a^° 
right timing (two to three minutes) when a large number of snieam * 
made at one time. . ^ yj, i 

Potation through the series of chambers is accomplished b> P ac’ - 
blood smear under the first dish ; make No. 2 and place under the 
No. 3 and place under the thii’d. By this time No. 1 slide can be le^ ^ , 
drying. NIake No. 4 slide and put under the first dish. Pemovc No- - 
diwins, and so on, through the entire series. 

* — , c.niri'''!. C' ‘ 

•The r.ite at which the plitle is removed cletcrniincs the amount of .ot.nm 
removal Rives a heavily laden slide, and vice versa. 
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Part 2. Preparing the Blood Smear A small drop of fresh blood is touched 
to the stained surface of a cool (G0“ to 70° P.) slide. Immediatelj’ this slide is 
dropped conveniently in front of the operator at an angle of about 45°, and the 
stain-processed end of a second slide is touched to the first slide just in front of 
the drop of blood and immediately draun backward to contact the blood which 
quickly spreads along the entire edge of the supported slide. As soon as this is 
observed, the slide again resting (as already described) upon the tip of the 
middle finger and at a 25° angle to the surface is slowly and smoothly pushed 
aeross the surface of the first slide, spreading the blood into a thin even film. 
(The rate at which the smear is spread determines the thickness of the film, i.e., 
a .slowly spread film is thin, and vice veisia.) Immediately place the wet blood 
film beneath the (Petri di.sli) humidity eliamhcr for three minutes; remove; dry 
in the air, and counterstain ivith "Wright's blood stain, llount in balsam 

Pari 3. Counting. To facilitate accurate counting of cells, the ocular of 
the microscope is provided with four cross hail's, dividing the field of observation 
into eight equal sectors. 

The reticulocyte count is aeeoinitlished by first surveying the slide under 
low power to select a suitable area for counting Practice null soon establish 
that these areas show an even distribution with the cells moderately separated. 


T.tDLE I 

SnowiNo Sf.x, Aoe, .\Na ■\Veii.iit of .Vnim.fi, SI.fteeial 


SERIES 

KUMBER 

NDMBEU OP 
LITTER JiIATES 

1 AOE REOINNINO ' 
OF EXPERIMENT 

MALE 

AVERAOE 

WEIGHT 

FEMALE 

AVERAGE ' 
WEIGHT 

DURATION OP 
EXPERIMENT 

1 

4 


1 

Grams 

34S.2 

3 

Grams ' 
204.3 j 

Days 

91 




4 

lOfi..) 

4 

138.1 1 

55 

M 



4 1 

204.7 

G 

18S.5 j 

91 


The area located is then observed under oil immersion and usually found to con- 
tain from 200 to 300 red blood cells per field. The counting procedure is simple. 
Starting from a given point and counting adjacent fields, 1,000 red blood cells, 
including the reticulocytes, are counted in blocks of 100 cells each. The reticnlo- 
c.vtes in each block of 100 red blood cells are recorded separately. This is done to 
give information on the reticulocyte distribution, which occasionally is suf- 
ficiently irregular to warrant recount. Once in a while it is nece.ssary to count 
2,000 red blood cells to e.stablisli the “reticulocyte value’’ of a slide. Upon com- 
pletion of the count (at least 1,000 cells .should be counted) the reticuloci'tes are 
summed up and cxpre.s.scd in per cent, or better still as rcticulocj-tcs per 1,000 
red blood cells. 

Animal Material. — Twenty-two rats (AVkstar strain) divided into 3 series, 
representing 3 litters of our best .stock, wei-c used (see Table I). The animals 
'vere selected and placed in individual wire cages. They were alwa.vs handled 
gently with bare hands. No sudden movements or noises were jtermitted during 
the experimental periods. All received the same stock diet and care. 

rKOCKmiRn 

The iiroeessed slides are brought into the animal room and ])laeed be.side 
die humidity chambers (already prepared, sec Jlcthod). The animal is then 
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venioved from its cage, and placed in a box 4 inches by 7 inches by 3 ijiclio-s, pni- 
\ idcd witii a sliding lid and a vei-tical slit V 2 hich wide in the end section to nc- 
eoininodate the tail. The animal’s tail is gently held in the left hand nliilc s 
.small piece of the tip of the tail is clipped off with a small sharp .scissois. li 
quickly done the animal Avill not move. A small drop of blood will immcdialoh 
appear; this is quickly touched to the stained surface of the cooled slide nini 
.spread. The slide is promptly placed under the Petri dish to complete the stain- 
ing. After three minutes it is removed from the humidity chamber and allowed 
to dry in the air. Tlie smoai's may be stored temporarily or eountenstained ami 
mounted at once. 

Table II 


Snowixe, Reticulocyte Coxtkol Values for Each Anijial 


A^n^tAL 

N'CMBEU 

SEX 

AVERAGE COXTROti 
RETICUIiOCYTE COUNT | 

CONTROL 

PERIOD 

MAXIMDJt RETICCLOern: 
FLUCTUATIO-V 

± coxrnoL aver, ter 

R- 5-1 

F 

Per 1,000 R.B.C. 

16.2 

Days 

5 

Per 1,000 R.Ii.C. 

3.0 

R-13 

M 

10.0 

7 

4.5 

R-51 

F 

3S.0 

7 1 

3.0 

R-1 1 

F 1 

18.8 

s 

2.5 

R-a 1 

F 1 

19.7 

s 

3.0 

R -10 

F i 

20.0 

® 1 

4-0 

R -53 

F 

15,7 

9 

3.5 

R-14 

M 

17.0 

9 

5.0 

R-T 

F 

19.5 


7.5 

R-59 

F 

15.1 

10 

4.0 

R-57 

M 

16.5 

10 

3.5 

R-lt 1 

11 

18.9 

i 10 

9.0 

R-3 

M 

20.4 

1 11 

2.0 

R-52 

F 

17.3 

12 

4.5 

R-8 

F 

20.0 

1 13 

5.5 

R-12 

M 

21.0 

1 13 

3.0 

R-oG 

M 

19.8 

' IS 

0.5 

R-2 

F 

19.8 

20 

1 4.0 

R-1 

F 

22.0 

29 

4.3 

R-55 

F 

17.2 

1 33 

7.0 

10.0 

R-60 

11 

18.2 

51 

R-.IS 

11 

20.0 

05 



In this manner, daily reticulocyte counts Avere made on all animals t 
ont the experimental period. A period of from five to sixty-five dajs 
sumed in establishing control levels before the animals Avere hied. Bkccm,, 
accomplished by inserting a 26 gauge .syringe needle into one of the a 
A'eins. A skin incision over the vein near the root of the tail simplifie 
cednre. Counts AA'cre continued daily after the bleeding, until the contio 
locyte IcA'cl Avas again reached and maintained. In certain instances, c^ 
later, the hemorrhage Avas repeated. ^ 

Eeliculocytc Level in Eais’ Blood. — In three series made np of 1^ ^ 

and 9 males, a total of .365 control determinations Avere made oaci 
from five to sixty-five days. The aA'erage control reticulocAte 
group (22 animals) AA-as 18.6 cells per thousand red blood cells j ajiiw'h 

locytcs per thousand; females. 18.3). The highest A-alnes for '> 

Avei'e 21 ret iciilocAlc.s iier thousand OA’cr a 13-day period foi 
reticulocytes per thousand over ti 2n-day period for females. The o' 
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Hill values over 10-cla.v periods were: female, 15 retieiiloeytes per tlionsancl, and 
male, 16.5. Normal fluctuation in the reticulocyte level is only moderate, and 
over long periods (65 days) did not exceed 25 reticulocytes per 1,000 red cells 
(Fig. 1). The average fluctuation for the group was found to be 10 cells per 
1,000 red blood colls, or +0.7) (.see Table II). 


«/) 



0 10 20 30 40 50 60 70 

< DAYS- > 

1.— Shewing the rct/ciilocvte count of a rat over a 6.»-cla> period under our control con- 
ditions (Animal R-r>8. Table ID. 



Fie. 2. — Showing the hemopoietic response to withdiawals of small but .similar amounts of 
blood (Animal B-4). 


Stimulating Effect of Hemorrhage Upon the Hemopoietic Mcclidnism . — It 
would seem logical to assume that hemorrhage would lie a physiologic and suf- 
ficient stimulus for the prompt rei>Iaceiuent of the Iilood lost. Upon tlii.s basis 
we proceeded to establish the j-elationshii) existing between the degree of liemor- 
I'hage and the Jiemopoietic response. It was found that blood losses amounting 
to 0.1 per cent or more of the body weight give a definite ri.so in tlie reticulocj*te 
count within twenty-four to foity-eight houi-s, and when increasingly larger 
amounts arc lost, tho responses are proportionately greater. The effective stimu- 
lus, however, persists for a longer lime following extensive Idood loss (see Table 
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l?i Talile III thej-o ai)p('ar lour significanl columns of data: (1) reticulo- 
cytc'S i)cr 1,000 red blood cells; (2) latent period of reaction; (3) time required 
for maximum response, and (4) time required for reticulocytosis to subside. 



CUSATION or EXPERIMENT IK OATS 

0 10 20 30 40 SO 60 70 80 90 


Ftff. 3.— Sliowlng liemopoJetic response to withdrnwals of dissimilar amounts of blood. 
The initial liemorrliage in this case must be tlian 0 5 per cent of the body weight, or 
preferably must produce a submaximal lesponsv. othemiso the reaction to the second with- 
drawal may be distorted (Animal B-2). 


_l 

U 



DAYS 5> 

Fig. 4 . — Showing that animals which react only slightly to On initial withdrawal of blood tend 
to retain this characteristic (Animal R-52). 

(1) AVith regard to the reticulocyte count, it is apparent that this indicates 
the reaction of the bone maiTow to hemorrhage, and in the ideal physiologic 
state should bo in direct proportion to the extent of the blood loss. In our 
experiments n-e found this situation to obtain witliin limits. There are, Iiow- 
ever, two instances (specifically animals B-10 and R-13, Table III) where this 
straight line effect did not occur in our experiments. The peak reticulocj'tosis 
did not rise proportionally above that of the preceding c.xperiment where a 
lesser hemorrhage was induced. It is unfortunate tliat in our experiments upon 
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rats where the animal is small and very reactive, it is not permissible to make 
enough blood smears to locate exactly the peak reaction. If lliis were possiWo. 
we miglit easily clear up this excrescence. In support of our contention, how- 
ever, that there is a direct quantitative relationship between stimulus and ir- 
spouse ; note that a progressively longer time is required for tlie return of tlu’ 
reliculoejde count to control level, indicating that the reaction was greater tlmii 
the peak count would indicate. As already stated this relatiousliip of stimul«< 



-• DAYS — *■ 

Pig. .S. — Sliowing that an initial maximum response of tlie hemopoietic 
SO exhaustive to the hone marrow that neither spontaneous reticuiocyte suov. 
typical response to severe hemorrhage occurs (Animal R-54). 


to response applies only within limits. AVhen the stimnhis 
proaehes maximnm proportions, the response can he maximum onl.t for 
of new conditions established, and any further depletion of the p 

hampers rather than facilitates hemopoiesis. Evidence in suppoit o 
discussed under the “Effects of Repeated Hemorrhage” (see Pig- •’)• 

(2) The ittient 'period throughout the experiment was con.si-steutl.' 

twenty -four and fortj'-eight hours (Table III). , respo’’'- 

(3) The time required to reach a maximum reaction, .ip- 

to a mild or severe bemorrliage, is Horn two to five days, the a\eia-e 
proximately three days (Table III). 
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(4) The time required for the rciicnlocytosis to suhftide is in direct propor- 
tion to the degree of hemorrhage (Table III). 

Effect of itepcated Ilemorriutffc Vpon the Hemopoietic Mechanism. — TJie 
question of hou’ often and to wliat extent the bone marrow can accomplish re- 
placement of cells lost is pertinent. We have, therefore, repeated the with- 
drawal of blood upon a number of animals iiniiiediatcly after the reticulocyte 
count returned to and was maintained at eontroi level and Iiave been able to 
demonstrate that (1) loss of comparable small (piantities of blood, i.e., up to 
0.5 per cent of tlie body weight gave rise to similar responses and complete 
replacement (Fig. 2) ; (2) loss of dilTerent, yet small quantities of blood gave 
rise to different but proportionate responses (Fig. 3) ; (3) in animals where the 
response was originally weak (in no ease has it been absent) it remains weak 
upon repetition (Pig. 4). Following extensive initial withdrawals of blood 
(1 per cent of the body weight and up) repetition of the hemorrhage resulted in 
indefinite or very slight responses even when the withdrawals of blood were 
separated by lift}' or more days (Fig. 5). So exhaustive to the bone marrow is 
the initial response in the.se cases that sub.se(|uent spontaneous reticulocyte 
showers arc absent or only slightly apparent. This fact is very important to 
remember for present interpretation of experimouts bearing upon the life dura- 
tion of the red blood coll. Only bone marrow which has given initially a sub- 
maximal response can lie expected to i-eact to a subsequent stimulus furnished 
either by a second witlidrawal of blood or by the mass senescence of a genera- 
tion of red blood colls. 

T.mjle IV 


SiiOtt'iNo THE TvrE of Reticulocyte Re.\ctiok Elicited, an*d the Number of Animals 
Giving Each Type of Response 


SERIF.S 

NUMBER 
OP AN!- 

SIALS IN 
SERIES 

1 NUMBER AND FERCF.NTAOE OF ANIMALS 

SHOWING 

PRIMARY RE.SPONSE 
only 

SHOWING 
SECONDARY 
RESrONSE ONLY 

SHOWING 
COMPOSITE 
P.CSPONSF. ONLY 

SHOWING 

INDEFINITE 

RESPONSE 

a 

4 

75% (.3 animals) 

0 

25% (1 animal) 

0 ■ 

2 

8 

S7.5% (7 animals) 

0 

12.5% (1 animal) 

0 

3 

10 1 

00% (0 animals) 

20% (2 animals) 

20% (2 animals) 

0 

Total j 

22 

7.3% (10 animal.**) 

9% (2 animals) 

18% (4 animals) 

0 


Primary and secondary hemopoiesis probably involved: In the whole series 
of 22 rats in which tlie bone marrow was stimulated by hemorrhage, we were 
able to detect four types of response: (1) a primary response (Pig. G) ; (2) a 
secondary or latent response (Fig. 7) ; (3) n composite response (Pig. 8) ; and 
(4) an indefinite or sliglit re.spcnse (Pig. 4 and Pig. 5, curve B). In all cases the 
“latent period” of reaction was used as the index for determining wliether tlie 
response was primary or secondary, and the reticulocyte count was used as the 
index of tlie extent of the response. Table II" show-s the distribution of tlie four 
types of reaction. 

Primary response gives evidence of the life duration of the red cell: It is 
clear that curves of the type .shown in Pig. 6 illustrate a simple prompt reaction 
of tlic hemopoietic mechanism to hemorrhage, raising the reticulocyte count 
momentarily to 9.2 per cent. At definite intervals tliereafter (nine days) second- 
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Fig'. 6. — Showing simple (primary) reaction followed by two spontaneous retlculocj 
at intervals of 9 days each (Animal R-7). 



To S 0 10 20 30 

< — DAYS— ► neons 

pig 7 Sho'wing the secondary type of reaction, followed by tuo spon 

showers it 7-day intervals (Animal R-5G). 

Note. In Fig. 6 a corresponding but ■wealtcr response of tins . i 
the main primary reaction. 
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illy peaks oeeiir spontaneously. Tlie.se jieaks are preeeded by low retieulocyie 
counts, showing that a siihskleiiee of the initial reaction oeeurred. Subsequently 
a spontaneous reaction takes place re.sulting, we believe, from the mass senescence 
or destruction of all those cclhs wliieh represented the initial or preceding reac- 
tion, thus furnishing the necessary stimulus. This being true, the life duration 
of the red blood cell in the rat would he represented by the time interval between 
reticulocyte showers which in this ease is about nine days. 

70 



yis. s Showing the composite type of reaction In this rraph both primary and 

secondary reactions are seen, each followed in 9 days by its lespective spontaneous reticulocyte 
showers (Animal R-8, series 4). 

Secondary response; In Fig. 7 the predominant response is one requiring a 
nine-day period for completion. This wc have interpreted as a secondary type 
of reaction. Again following the peak of this secondary reaction, periodic 
reticulocyte showers occur, but this time at seven-day intervals. This is the 
shortest interval found for these spontaneous showers. 'Whether red blood cells 
which have been produced by secondary hemopoiesis under stress of hemorrhage 
become senescent at an earlier age than those furnished by the more prompt 
primary hemopoiesis, our experiments do not definitely show. The two animals 
of our series which gave this latent type of response showed spontaneous showers 
at seven and eight days, respectively. 

Primary and secondary responses: Pig. 8 is a typical example of the most 
complicated curve of our series. In it both primary and secondary responses 
occur, followed by their respective spontaneous showers. The initial primary 
peak occurs in four days ; the secondary in nine days. By counting nine days 
(it varies in different rates from seven to nine daj-s) from the peak of either the 
primaiy or the secondary reaction, one may establish responsibility for all the 
intermediate spontaneous reticulocyte showers. 
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bidcfimfc types of response: As already mentioned, not all animals show 
the typical primary or secondary reaction to hemorrhage under ail conditions. 
Also a most striking deviation is that found when a second hemorrhage folloKs 
a typical reaction from a loss of blood of from 1 per cent of the body weight up 
(sec Fig. 5, curve B). It appears that even though the bone marrow iscapaW- 
of initial replacement of blood loss; it is not able to repeat the process with the 
same effectiveness even after protracted periods. This not only is demonstrated 
in our repeat experiments, but also is evident in all those experiments where 
marked initial responses occurred so as to prevent the appearance of any siwi;- 
taneous reticulocyte showers. Therefore, indefinite responses, as we have oh- 
served them, may be found occasionally in seemingly normal animals (Fig. 4). 
and in reactive animals following severe hemorrhage (Fig. 5, curve B). 

It is clear from this fact tliat to determine the life span of the red Wood 
cell by a study of the spontaneous retieuloeyde shorvers following liemorrhagt. 
the stimulus must be of submaximal valire for primary hemopoiesis, and prefer- 
ably subminimal for secondary hemopoiesis. Otherwise compound or indefinite 
responses becloud the results. 


CONCLUSIONS 


1. A method for making and counting permanent preparations of nit 
reticulocytes is described. 

2. Average control values for reticulocytes in rat blood are given for - 
animals. 

3. Hemorrhage was found to be a sufficient and quantitative stimnlns f«r 
the rat's hemopoietic system, within the limits described. 

4r. The span of life of the red blood cell in the albino rat was delormiocd 
by autonomous blood replacement follorving hemorrhage, and averages S to 
days. The spontaneous reticulocyte showers -which follow hemorriiage wcw 
used as the index. 
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THE EFFECT OF ALKALOSIS ON THE BLOOD PICTURE IN CHRONIC 
SPLENOi\[YELOGEN()l'S LEUCE1[IA« 


Robert D. Barnard, !M.D., and Perry AV Ross, Chicago, III. 


S INCE iMcnten* reported that the blood pll was increased in many instances 
of human malignancy, there have been attempts to invoke a relationsliip, 
causal or otherwise, of alkalosis to cancer ]\EcDonald2 liolds such a relation- 
ship to exist, and particularly in Europe, cancer has been treated by the ad- 
ministration of acid. In the case of transplanted animal tumors, 'NVoglom® was 
unable to influence their growth rate by the administration of either acid or 
alkali, wliilc Barnard^ reported an apparent diminution in the grow'th rate of 
transplanted mouse sarcoma during periods of dietary alkalosis. Parfentjev, 
Devrient, Suntzeff, and Sokoloff^ caused regression in a large percentage of 
transplanted rat tumors by the administration of lactic acid. As the latter sub- 
stance was given as the sodium salt and as the lactates liave an alkaline ash, it is 
difficult to decide from their studies whether tlie end result in this case was due 
to tlic effect of acid or of alkali. 

"NVe have had the opportunity of observing tlic blood pictures of tivo patients 
with chronic splenomyologenous Icucemiu <l\\ring the administration of large 
doses of sodium bicarbonate. That alkalosis was actually induced in these cases 
was adjudged from the clinical symptoms. Bradyiniea, prostration, and gen- 
eralized anasarca developed concomitantly with tlic administration of the alkali 
hut subsided upon the cessation of administration. The clinical picture of 
alkalosis is a much better criterion for the development of this state than the 
determination of blood pll.t 

It was thought tliat sucli observation might indicate to us wliethcr or not 
there w’as any stimulation of neoplastic jn’occsses as a result of alkalosis. 
Whereas bone marrow' studies would probably liavc been more conclusive, they 
were unavailalilc. Nevertheless, w'c feel that the data presented, wlien analyzed, 
indicate that there is no stimulation of neoplastic tendency, at least in this par- 
ticular neoplastic disease, by the induction of alkalosis. 

Tlie patients on wliom tlic study was made were adult males, one in the 
fourth and the other in the sixtli decades. Botli had had courses of roentgeno- 
therapy ; one, three years, and the other one year before the present study. Their 
conditions were clinically stationary at the time, and each consented to tlie 
alkalinization x)rocedure. Both patients died shortly after the data were ob- 
tained; one from cerebral embolism, tw'o w’eeks following tlie last dose of alkali 

*Fiom the Therapeutics Service ot the Cook County Hospital, Chicago. 

Received for publication, March 1 , 1939. 

tSee In this connection the authors’ editorial in the J. A. M. A., July 27, 1931. 

345 



346 


TnE JOURNAL OP LABORATORY AND CLINICAL MEDICINR 



CASE I 


% of leukocytes classified on the basis 



Fig. 2. 
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(Case 2) ; and tlie other patient, wo were informed, died about a month following 
the last observation. Although the relationship of the alkalosis to the deaths of 
these patients is open to question, we have not held it .iustifiable to repeat the 
procedures. 

Pig. 1 gives the e.ssential data on Case J. The Schilling' count during the 
period of alkalinization .shows a definite trend toward the right, though before 
this period it is apparent that the ])atient was headed for a relapse since the 
hemogram was shifting to the left, itpoii cessation of the administration of 
alkali, the patient was given niagncsinm sulfate, 20 gm. per day, to assist in 
removing the edema fluid that had aei'iimulated during the period of alkalosis. 
It is of interest in this connection that divalent cations like magnesium arc 
classed as “acidifiers” when given orally (Van Slykc and Peters’). 

That the increase in total cells in the circiilation is due to persistence of 
mature forms in the blood rather than to an iiierea.sed iirodnction of leucocytes, 
is inferred from the uric acid excretion, which was followed in Case 1 and which 
fell during this period. 

Pig. 2 shows the distrihution of cells m the hemogram of Case 1. The great- 
est drop during the alkalosis period was m the least mature (myeloid) cells, the 
percentage of mature colls rising most. 


Tadle I 


DAY 

NallCOj PER DAY 

W.B.C. 

% FIIAMENT 

IMMATURE CELLS PER C.im. 

1 

20 gm. 

523,000 

28.3 

375,045 


20 gm. 




o 

20 gm. 




4 

GO gm. 

521,000 

32.S 

350,112 

5 

GO gm. 




G 

GO gm. 




7 

50 gm. 




S 

50 gm. 





50 gm. 




10 

50 gm. 




11 

50 gm. 




12 

— 

507,500 

30.0 

.342,770 


Table I shows the result of alkali administration on the filament-nonfilament 
cell ratio in Case 2. Hero again, there is a definite shift to the right during 
alkalosis. 'We did not succeed in obtaining blood smears after the period of 
alkalinization was over. The shift, however, during the period of observation, 
is in the opposite direction from that to be expected wore there any stimulation 
of myeloblastic activity. 

SUMMARY AND CONCUUSIONS 

The induction of a period of alkalosis by the admini.stration of large quanti- 
ties of sodium bicarbonate to two patients with splenomyelogenous leucemia, did 
not stimulate myeloblastic activity as detei-mincd from a study of their hemo- 
grams. In fact, there seemed to be a teiideiicy toward inhibition of leucopoiesis 
during this period. Since myeloblastic activity, in this condition, is iircsumably 
neoplastic, it is concluded that this stnd 3 - has furnished evidence against the 
relationship of alkalosis to neoplasia. 
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OBSEKVATIONS ON REDUCING SUBSTANCES IN THE BLOOD 
PLASMA OF RHEUjMATISANTS'' 


Rene Dandurand, ]\I.D., Montreal, Canada, and C. Wesler Scull, Ph D.. 
AND Ralph Pemberton, M.D., Philadelphia, Pa. 


INTRODUCTION 


A CONSIDERABLE series of observations has been conducted In’ one of 
(R. P.)^ and his associates upon the metabolic deviations eneoimterfi' 
among- jiatients with chronic rheumatoid diseases. Early in the course of tiw 
studies it was noted that certain persons ivitli arthritis presented evidence o 
delayed rate of removal of glucose from the blood following ingestion of t n 
carbohydrate. In a number of such iiatients convalescence, when associate vi 
significant therapy such as the removal of foci of infection, was inaiLc )} ' 
retiuu to a normal “glucose tolerance.” The experimental evidence 
to date has suggested strongly tliat the delayed rates of removal of 
question represent chiefly or Avholly a disturhance in the circulation, 
in the finer vascular channels. This view is supported by the fact 
respiratory quotient of such patients is normal.”’ ’’ There has thus been ^ 
basis for assuming a contributory deviation of pancreatic function. • 
possible deviation has not been eliminated, however, and the ||,j, 

new method for fractionating reducing substances in the blood sugges c 
possibility that further data bearing tipon this question might he obtaine 
method, described by Polonovski,"' for estimation of chromic acid 
provides a means of partitioning the reducing substances. It appcarcc 
application of this procedure to groups of rheumatic suh.ieets 
whether an excess of intermediary prodncis of carbohydrate ^ 

late in tlie finid tissue of arthritic persons. Another point of incicen 
('St in evaluating the.se fractions is derived from the fact that 
fraction includes pyruvic acid, a snlxstance known to he incrca.scd m ■ < ^ 

•From the I^iboratorj- of Rheumatoid Disea.ses. AbinBton Memorial 
The expenses of tliis investigation were tiefraved in part hj' n gra 
Alexander B. Coxe. 

Received for publication, April 26. 1939. 
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vitamin deficiency. Tliis consideration i.s relevant in tliat certain clinical 
symptoms of chronic arthritis are regarded as possibly due to a state of inade- 
quacy with respect to this vitamin. For the.se reasons, observations have been 
conducted upon a series of 55 patients with clironic arthritis with respect to the 
levels of reducing substances in the fasting blood plasma. Further observations 
have been made upon the levels of the reducing substances in the blood plasma 
of 17 subjects in tlie same scries following the administration of glucose bj’ mouth. 

PRorniiiRi: 

The procedure for estimating the siitturic-chromie acid indices of reducing 
substances has been extensively used in France. Since a description of the 
method may not be generally available, an explanatory account of the slightly 
modified proecdure employed in the present studies is presented. Venous blood 
from fasting subjects is transferred to a test tube containing about 100 mg. of 
sodium fluoride. The sodium fluoride iircicnls coagulation and inhibits glycoly- 
sis. The specimen is centrifuged for ten to fifteen minutes at 3,000 r.p.m. to 
separate the cellular elements. All glassware used in the procedure is kept in 
sulfuric-chromic acid cleaning solution and thoroughly rinsed with water just 
before use. Two millileters of plasma are added to 2 ml. of sodium tungstate 
solution (10 per cent) contained in a 15 ml. ci utrifugc tube. After mixing with 
a glass rod, 2 ml. of a solution of sulfuric acid (2/3 N) arc added and mixed. 
After standing fifteen to twenty minutes, the iiiixture is diluted with 4 ml. of 
distilled water and again mixed. After centrifugation 2 ml. of the supernatant 
fluid is transferred to a test tube containing 10 ml. of sulfuric-chromie aeid 
mixture (N/10). (This mixture is prepared by combining 250 ml. of a solu- 
tion, containing 1.90 gni. ICoCivO? per 100 ml of water, with 250 ml. of concen- 
trated sulfuric aeid iti a 1,000 ml. flask, and diluting to volume with water.) 
A blank determination is run with 2 ml. of distilled water replacing plasma. The 
mixture is heated in a boiling water bath for one hour. Tlie mixtures are stirred 
at ten-niiiiute intervals with a glass rod. After heating, the tubes are cooled in 
running water, and tlie contents, together with the water used in washing, trans- 
ferred to Erlenmeyer flasks, making a final volume of approximately 75 ml. One 
milliliter of potassium iodide solution (50 per cent) is added, mixed gently, and 
sodium thiosulfate (N/10) is run in from a burette until the solution presents 
a pale yclloiv color. At this point 4 drops of starch solution (1 per cent) are 
added, and the titration is continued to the usual end point. The difference 
between the volume of sodium thiosulfate required for the blank and the amount 
required to reach an end point with the deproteinized plasma represents the 
amount of chromic acid reacting with the reducing substances in 0.4 ml. of 
original plasma. This quantity, when multiplied by 2.5, shows the amount of 
N/10 chromic acid used by 1 ml. of plasma, and is designated as the I.C.T., or 
index chromic total. According to the usual terminology, this represents the 
total reducing substances in terms of chromic acid equivalents. A glucose de- 
termination is made at the same time with 2 ml. of the protein-free supernatant 
fluid, using the Benedict® method. The value so obtained, when multiplied by 
1.33 (factor for eoiiversion to the chromic acid equivalent for glucose) is called 
the I.C.6., or index chromic glucose. This value might bo laiown simply as the 
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glucose reducing equivalent. The difference between the total and the glutose 
fraction is called the I.C.R., or index chromic residue. This, according fo tli? 
conventional usage, may be called the nonglueose reducing fraction in terms of 
chromic acid equivalents. 

CALCULATION.S 

I. ( '. T. = Titration of blank milliliters — ^titration of plasma millililci's x ^ f 

f = factor for NaoSjOj 
I. C. G. = Glucose (nig./ml.) x 1.33 
I. C. R. = I. C. T. - I. C. G. 

Table I 


I.EVELS OP Reducing Substances in the Blood Plasma Classified According to 

Clinical Groups 


TYPE 

CASES 

j DETEUMIKA- 
TIOXS 

KEDUCIXG FKACTIOMS 

CIIROinC ACID EQUnUTiENTS 

RANGE 

TOTAL 

I.C.T. 

GLUCOSE 

I.C.G. 

NOXGLUCOSS 

LC.n. 

Atropliic 

23 

27 

Max. 

2.28 

1.53 

1.04 




Min. 

1.09 

0.93 

0.00 




Avg. 

1.53 

1.10 

0.41 

Hypertrophic 

1 14 

16 

Max. 

2.40 

1.97 

0.7S 




Min. 

1.30 

0.93 

0.24 




Avg. 

1.69 

1.20 

0.4.0 

prised 

11 

14 

Max. 

2.18 

1.38 

0.05 




Min. 

1..33 

0.88 

0,21 



i 

Avg. 

1.72 

1.10 

0.01 

Fibrositis 

3 

3 

Max. 

1.56 

1.19 

0.00 




Min. 

1.39 

0.96 

0.31 



1 

Avg. 

1.48 

1.06 

0.42 

Miscellaneous 

4 

9 

Max. 

2.16 

1.50 

0.60 

rheumatoid* 



Min. 

1.5 

1.06 





Avg. 

1.73 

1.20 

u.y<> 

Nonrheumatoid 

2 

2 

IMax. 

1.64 

1.20 

0.44 

controls 



Min. 

1.36 

1.06 

o.nn 




Avg. 

1.50 

1.13 

i _ 


•Diipuytrcn’s conti’acturo, atypical atrophic, pituitary obesity, possible gonococcal art 


DISCUSSION 

Tile patients included in this series are often classified as arthritic oi d 
matic. However, both of these terms hold .special implications: the foinicr, 
ticular inflammation; the latter, rheumatic fever. IVe suggest, theicforc, 
term rhciiimitisanl.s (DorlaiicVs Medical Dictionary) as descriptive of 
This is an English word derived from the French, having in cun cut 
limiting concepts, and hence suitable to designate persons with rhcniibh 
arthritis in the general sense. The subjects arc classified according to t 
balanced clinical evaluation, and are designated as atrophic, 
arthritis, fibrositis, and miscellaneous rheumatoid groups, the lattci i 
those pciTsoiis who cannot lie classified under any other group. The ,,,,] 

according to such a classification arc prc.sentcd in Table I. jpfi,. 

minimal values for each fraction of reducing substance, namel.^, ' 
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and I.C.R., are invsented foi' oach class In addiHon, llu* aritliinelioal averag'o 
for each class is shown. The niimher of nonrlieumafoid controls presented here is 
shown merely to indicate the p:eneral coiTesi>ondencc of these data with other 
series. The extensive data of AYaromhour};*' show that normal LC.R. levels of re- 
ducing substances vary from 0.30 to 0.50, and the present tigurcs for normals fall 
within these limits. No attempt has beeii made to repeat the work of others as to 
the varieties of disease in which comparable deviations occur. Levels higher than 
normal have been found by several observers ni diabetes, terminal stages of 
nephritis, and certain hepatic diseases. It is obvious that deviations from normal 
arc not pathognomonic for any particular clinical state. The range of values en- 
countered in each group of rheiimatisants, however, is ratlicr wide and tends to be 
outside that encountered among normal subjects Inspection reveals that tlic 
average I.C.G. fractions (reflecting the amount of glucose) vary among the several 
groups from l.OG to 1.20, tlius differing by a maximum of only 13.7 per cent. The 
average I.C.R. fractions (reflecting the aimiunt of nonglucose reducing sulv 
stances) among the several groups vary from 0.42 to O.Gl, thus differing by an 
average of 45 per cent. 

Patients classified as atrophic or fibrositie show average LC.R. levels similar 
to those of nonnal jicrsons. Such averages, liowowr, tend to obscure certain facts 
wliich are evident in the tabulations of individual eases. Thus certain individual 
member.s of the atrophic class show abnormally low figures. Some individual 
members of the hypertrophic group also show abnoi'mally low figures. It is not 
possible at pre.sent to correlate these figures with llie clinical features wdilch char- 
acterize these patients. 

On the otlier hand, the liyportrophie, and ]>articulnrly the mixed, arthritic 
persons show, w'hen averaged, group levels of nonglucoso reducing substances in 
excess of normal. Tlic data, as a whole, suggest that the conventional clinical 
groupings of arthritic persons, based upon the microscopic and gross morbid 
anatomy of the joints, do not fully parallel the physiologic deviations indicated. 
In this connection note may be made of tlic few’ extremely low’ values for I.C.R. 
encountered in certain subjects. Subnormal levels may be, conceivably, attributed 
to a relative deficiency of vitamin C. It may be observed further that those per- 
sons presenting levels of iioiiglucose reducing substances higlier than normal may 
largely reflect an increase of pyruvic acid and hence may bo regarded as subjects 
of possible deficiency of vitamin B. The data presented are not sufficiently clear- 
cut on these points to provide a basis for generalization. Therapeutic feeding 
experiments w’itli vitamin C in the fonner instance, and w’ith vitamin B in tlie 
latter, are necessarj’ in order to provide a crucial test of these possibilities. 

The afore-mentioned studies w'crc conducted upon fasting subjects. In order 
to clarify some of the questions arising therefrom, studies w’ere also made upon 
the rate of removal of glucose, following alimentary administration, on 17 pa- 
tients included in this series. Such ohservations have been made upon 7 atrophic 
arthritic persons, 3 hypertrophic arthritic persons, 6 mixed arthritic persons, 1 
rheumatoid pei’son with pituitary disturbances, and 3 normal persons. The glu- 
cose curves in this series arc, for the most part, within the normal limits of varia- 
tion. However, a few’ present evidence of a slightly delayed rate of glucose rc- 
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Taki.e 1 1 


EiA KI.S ()K RKill l'i.VG yrB.STAXOES IX Bl.OOI> Pj.ASMA FOLLOWIXf! IX/iESTiO.V OK 


PA’ 

TIKKT 

1 

i 

MEAL 

TIME 

GEUCOSE 
ilG. PER 
100 MI.. 

i 

UEDU 

ciinojiic 

TOTAL 

I.C.T. 

aXG FRAC 
ACID EQU 

GLUCOSE 

I.C.G. 

rio.xs 

IVALE.VTS 

^'OK' 

GLUCOSE 

I.C.R. : 

CLISIC.W .NOTf.-; 

B. 

Ului’ose with i 

Fasting ! 

75 

1.3G 

0.99 

0.37 

Atrophic, ivitlmat 

1 

lemon juiee j 

1 hour 1 

110 

2.16 

1.16 

0,70 : 

crideiit loci of i:- 

1 


2 hour? : 

90 

2.06 

1.19 

0.87 

feciion 



3 hours ] 

SO 

1.52 i 

1.06 

0.40 


M, ! 

I Glucose alone 

Fasting 

92 

1.57 1 

1.22 i 

0.35 

Atrophic, Kith pre-' 


I 

1 hour 

125 

3.30 

3.03 

0.27 

tafitis 



2 hours 

170 

' 2.72 

2.26 

0.46 




: 3 hours 

1 j 2*2 

2.09 

' 1.62 

0.47 


P. 

Glueose with 

1 Fasting 

92 

i 1.S5 

t ^ 

0.63 

IllTBcrtrophic, Kith- 


lemon juice 

I 1 hour 

203 

3.50 

2.72 

0.7S 

out evident foi 



2 hours 

170 

3.24 

2.26 

0.9S 

of infection 



3 hours 

130 

2.50 

; 1.72 

0.7S 



inoval. Sucli delayed rates are most apparent in the severely ill active atropki’ 
arthritic persons ivlio mig-Jit, according to some students, be classified as“inf«- 
tious’’ arthritic persons; and in hypertrophic arthritic persons, in wliom tin’ 
<rrcater average age of tlie group may contribute toward a “decreased frlaco''' 
tolerance." 

ilany of tlie patients in this series liad previously been treated for 
of foci of infection and were not, at the time of observation, under the intiuewco! 
such infective factors. The comparatively low incidence of delayed rates of 
cose I’eznoval in contrast to the higher incidence of abnormal enrres in 
obsen-ations may be due to this fact. However, the patients under ohser'Shon 
presented clinical evidence of disability and a certain degree of arthritic actiu*)' 
The data in 3 representative eases are presented in detail in Table It b' 
illustrate the salient features encountered. A few of tliese observations vcic 
ducted witli a I’ontine iiospital procedure, which include.? the adininistiatr® ■ 
lemon jniee as a component of the glucose solution. Lemon juice contains 
ing substances other than glucose. Only those subjects who received lemon 
with the glucose showed significant increments in the nonglucose fraciioms. 
suggests that there is no primary di.stui’bancc in carbohydrate motahoiism m 
instances which show a high cuiwc. 


SUMMARY 

Observations have been made upon a series of 55 patients v'd* 
artliritis of varied types in respect to the levels of substances having t c 
lu-opeHy of reducing chromic acid. Tliese consist of glucose and o 
materials. The blood plasma of rheumatisants presents deviations 
mostly in the direction of an excess of reducing substances other 
Tliese deviations from normal are not confined to any one group ot r « 
subjects. 'Within the clinical pathologic groups discussed, wide 
tions are noted, tlie physiological significance of which is not cleai . j-jr- 

tion of reducing materials in the blood following alimentary admuus m 
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liurlK Ilk' view previously suiJpestecl in prinoiiile Unit, when the rate of removal 
is delayed, the distnrhimee is not one of si)ecifie interterenee with the metabolism 
of glucose, but is probably referable to a circulatory mechanism. 
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BLOOD CYTOLOGY OF THE NORMAL DOG* 


M. L. IfORRis, D.V.M., Stelton, N. J., .and .La.mes B. Allison, Ph.D., and 
David P. Green, Ph.D., New Bir-nswick, N. J. 


C INCB the dog is commonly used ns an experimental animal, numerous studies 

involving the heraatopoietie system Iia\e appeared in the literature. Although 
a largo majority of these data are comparable, the extreme variation indicates 
that all the information was not obtained upon dogs which were in a similar state 
of health, nor were the dogs examined under the .same conditions. An excellent 
survey of this typo of literature on the blood picture of normal dogs was made 
by Scarborough' in 1930. It is possible to determine, with a fair degree of ac- 
curacy, the blood cytology of normal adult dogs from this survey. The same 
5'car Mayerson' reported on the blood cytology of GO normal dogs, and his 
results are in approximate agreement with those summarized by Scarborough. 

It is questionable w-licther data collected under the conditions of experi- 
mental laboratories should be used to establish normal indices for dogs examined 
under the routine of a small animal hospital. Experimental dogs are usually of 
mixed breeds taken from the pound, and their previous history is unknown, 
Many dogs received at hospitals are refined breeds with known histories. Further- 
more, the literature does not contain sufficient information concerning tlie blood 
picture of young dogs, and a large percentage of liospitalizcd animals are pup- 
pies. 

Tlie present investigation was undertaken, tiierefore, to establish average 
indices for normal dogs of various breeds and agc.s which were received and ex- 

•Prom the Raritan Hospital for Animals, Stelton, and the Bureau of Biological Research. 
Rutgers University, New Brunswick. 

Received for publication, April 29, 1939. 
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.'imiiied under routine hospital conditions. The examination included the owiicrV 
liistory of the dog, clinical observations by a veterinarian specializing in small 
animal practice, examination of the feces for parasites, and blood and urine 
analyses if they ivere requested by the clinician. Sixty-six normal dogs were 
selected from approximately 1,000 animals ivhicli represent a cross section of 
the clinic. IMost of the young dogs used in this study ivere brought to the ha?- 
pital for distemper prophylaxis and were free, or practically free, of intestinal 
parasites and were in excellent health. The older dogs were not always entirely 
free from intestinal parasites and some of them had minor disorders, but accord- 
ing to our experience, they were in better condition than the average normal do? 
selected from a pound for such studies. The data should give indices for blood 
cytology that can be used as a future reference for interpreting the results of 
the laboratory on ahnonnal animals. 


AIETHODS 

Blood was obtained from the radial or saphenous veins. A 20 gauge needle 
was used on all dogs except the very small ones, where a 25 gauge needle was 
used. The vein was distended by pressure and the needle immediately inserted. 
While the blood was flowing freely from the needle, samples for tlie erythrocyte 
and leucocyte counts were collected directly in Thonia pipettes according to the 
standard technique. Haj'em’s solution was used to dilute the blood for the 
eiythroeyte count, and 2 per cent acetic acid was used as a diluent for tlic 
leucocyte count. A 20 c. luiii. sample was diluted 1 -.400 with N/10 hydrochloric 
acid for the hemoglobin determination. The needle was then removed from the 
vein, and small di’ops were forced from the point onto clean glass slides. A heart 
cover glass, such as is used for a counting chamber, was tlien touched to the 
blood, and thin even smears were prepared liy drawing the blood along the slide. 

The pipettes were enclosed in rubber hands to prevent losses and evapora^ 
tion. Tlie samples were shaken by hand for two minutes and the first 2 to 3 diops 
were blown from the pipette. A Hellige counting chamber, with improved hc'' 
bauer rulings, was then filled. The leucocytes were eoiinted immediately " '' ^ 
the erythrocytes were allowed to settle for about two minutes. The four corned 
(64 large squares) were counted for the leucocytes and SO small squares fort>^ 
erythrocytes. When distribution was quite even, only one chamber was eounfc 

Blood smears were stained with AVright’s stain. The differential leucocy^^ 
count was made by counting 100 cells according to the meander method as ou 
lined by Gradwohl.® The cells were classified into various groups, 
Schilling metliod of classification. AVith this method, the 
neutropiliiles are classified as, myelocyte, juvenile, stab, or segment. Tim is 
forms are very rarely found in the blood of the normal dog. In order to class 
a cell as a stab, the nucleus had to have the typical band form. The ^ 
the segments of the dog is not well divided, or segmented, as are those of 
If the neutrophiles of the dog were classified by Arnetli ’s metliod, tlicic i 
apparently lie a shift to the left in comparison with the values found noiui' 
man. 

The work reported here was done by eight trained technicians. jjj 

60 of the counts were about ecpially divided among four of them. The cn 
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the enumeration o£ tlie cellular elements was between 5 and 10 per cent. Accord- 
ing to controlled tests, tlic error for the erythrocyte counts was about 300,000, 
and for the leucocyte counts about 500. 

Hemoglobin deteminations by the Nencombei- metliod were accurate to 
within 3 per cent. Tlie dctermination.s inmk- on tlie Haden-Hau.ssor liemoglo- 
binometer were to the nearest 0.5 gm. 



WBC SEO LYMPH STAB 



for distribution of white blood cells, scRments. lymphocytes, and stabs is shown 

trntf.fl ® months old, in the lower series of plots, while similar distributions are lllus- 

•iieu ror 31 dogs, 9 months to 12 years old. in the upper plots. 


RESULT.S 

The data in Table I and Fig. 1 demonstrate that the number of red blood 
cells and the concentration of Jiemoglobin iiici’casc from 2 months of age to 
puberty, which is approximately 8 months in a majority of the breeds investi- 
gated. The average red cell count for the 35'dogs from 2 to 8 months, inclusive. 
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is 5.3 jiiiJlidiis per <-• mm., and fhe average hemoglobin concentration is 12.6 sm. 
per 100 ml. ol' l)loo(l. The average values for the 31 oldei' do.gs arc (>.2 niillioiK 
red blood cells per e. mm., and 15.1 gm. of hemoglobin ])er 100 ml. of blood, mil 
mean deviations of 0.54 millions cells and 1.09 gm. of hemoglobin, respectively. 
The average eoi-puseular hemoglobin, ealcnlated by dividing the concentration of 
liemoglobin in 100 ml. of blood by the number of cells is 24 x 10'^- gm. for 
the 3.5 young dogs, and 24.3 x 10'^- gm. for the 31 adult animals rvitli me.w 
deviations of 0.294 and 0.184, respectively. 


Table II 

Srn;,i.\l;Y OF I).\.TA ON LEUCOCYTES Fr.OM TABLE I DIVIDED INTO TwO AgE GnOUr.'! 



AVERAGE 

ntmeer 

MEAN' BEVIATIOX 

or XUMBERS 

AVERAGE 

PER CEXT 

MEAN DIA'IATION' 
Of pm rr.ST 


32,165 

2 months to 8 months 
1,713 




6,795 

1,700 

55.85 

fl.S2 


4,051 

912 

33.30 

S.24 


SIC 

276 

6.70 

2.17 

Kiwiii, 

4S4 

4.37 

3.97 

3,51 

Mnlio. 

19 


0.15 


\V.P,.('. 

11,4(17 

9 months to 12 years 
1,4S9 




7,525 

1,280 

65.27 

0.55 

Lvn.lih. 

2,491 

563 

21.72 

4.9S 

SfaU 

75.2 

33S 

6.50 

2.9.1 

Ko-iii, 

(122 

40.3 

5.43 

'i.iin 

Muiiii. 

77 


0.67 

- 


The total wliite lilood cell counts and the differentials for each animal w 
recorded in Table I, summarized in Table II, and illustrated graphically mF'?- 
2. Tile data in Table II and in Fig. 2 have been separated into two age p'onps- 
The lower jvlots in Fig. 2 represent the distribution of white blood cells in 
2 to 8 inontlis of age, Avhile the upper series of plots represent the distribiihw' 
in adult animals. The average total white count for the younger dogs is 12, 
which is .slightly liigher than the average value of 11,467 found for the adit •• 
The average' differential count for dogs 2 to 8 months, inclusive, expi'cssc w 
percentages, is 62.5 per cent polymoi’phonuclear neutrophiles, 33.o pm 
Iymphoeytc.s, 3.97 per cent eosinophile.s, and less than 1 per cent inononni’ 
cells. The differential for the older dogs is 71.8 per cent polymorpboniielcai 
Irophiles, 21.7 per cent lymphocytes, 5.4 per cent eosinophiles, and less t 
per cent mononuclear cells. Mean deviations arc used in Table 11 instead o 
customary record of maximum and minimum' niiroher of cells found, boeansc 
believe that the former i.s a better basis for establishing the normal and foi ^ 
ing the accuracy of the data. 

DI.SCU.SSION 

The average number of red blood cells in young dogs is 
average number for the adult dog. This result is in agreement with ^^5 
in the literature. Wells and Sutton,'' for example, found the red blood cc 
for S dogs from 3 to 16 day.s old to vai'y from 3.3 to 5.2 millions pei e. 
average count was 4.3 millions. In 6 adult dogs, 3 males and 3 
authors found an average of 6.71 millions red blood cells, with c.xtremes o^ 

5.7. The avei’age value for adult dogs of 6,2 millions red lilood cells pm 



MORRIS ET AL. : IJEOOD OTOLOUV OF N'ORMAL DOG 


359 


obtained from our data Is in excellent agri*emeiit with an average red blood cell 
count of 6.3 millions per c. mm. calculated from data on 566 dogs by 71 investi- 
gators reviewed by Scarborougli. \Vintrobe. JShumaeker, and Schmidt-" re- 
ported a higlier average of 7.02 millions per t-.mm. in 51 dogs. These authors 
found an average count of 7.16 millions in 22 male and 6.78 millions per c.mm. 
hi 10 female dogs. Our figure compares favorably with the average of 6.19 
millions red blood cells calculated from llaycr'-on's- data from 37 male and 
2.3 female dogs. Tlie average for the males in Ins data is 6.16, and for the 
females is 6.53 millions red blood cell-. For all practical purposes the data 
presented here, as well as those appearin'^ elsewliere. can be interpreted to 
mean that in normal dogs after pubcily the number of red blood cells per cubic 
millimeter of blood is little influenced by aire, sex, or breed. 

As the number of red blood cells inerease with age, tlie concentration of 
iicmoglobin in the blood also increases. Tins is to be expected since our data 
prove that the corpuscular hemoglobin is essentially independent of age. The 
higher mean deviation in the corpuscular liemogloliin in young dogs, as com- 
pared to the older dogs, may be significant, but the difference between the aver- 
age values of 24.0 x 10*^- and 24.3 x lO '-'. rcstJCctively, is small These a\er- 
ages agree ivith the majority of tliose calculated from data on adult dogs in the 
literature. For example, an average of 15.6 cm of liemoglobin per 100 ml. of 
blood wa.s obtained from an analysis of <lata iv\iewcd by Scarborough on 120 
dogs. If 15.6 is divided by the average number of cells calculated from data in 
his renew, the corpuscular henioglobin eipials 24.7 x 10'*" gm. Jlajerson" re- 
ported corpuscular hemoglobin equal to 20 x lO'^" gm. for his data on 60 normal 
(logs. This value is low due to an average hemoglobin concentration of 13.01 
gm. and, as he suggested, may be the result of the semitropical environment of 
his dogs. Wintrobe, Sinimacker, and Sdimidt ' calculated the mean corpus- 
eular hemoglobin for 54 dogs to be 21 2 ,• lO"'" gm winch is lowei than our 
value, primarily because of the greater mimber of red blood cells. Our data, 
together ivith an analysis of the data in the liternlure. lead to the conclusion 
that tiiere is no marked effect of age. sex. or breed upon corpuscular Immoglobm, 
or upon the iicmoglobin concentration of the blood in adult animals. 

The tendency for young dogs to have a higlier white eoimt, a greater pro- 
portion of Ij-mplioeyte-s, and fewer polyinoi phoiuielear ncutrophiles than adult 
dogs, which is apparent in our data, has been mentioned in Scarborough s re- 
view. Our data .show that the lower percentage of polymorphonuclear neiitro- 
philes in young dogs than in adult dogs is dm to a lower relative number of ^g- 
ments because the percentage of stabs is similar in the two age groups. The 
mean deviation for the percentage of segments and IjTiiphoc.vtes is greater in 
the dog.s from 2 to S months tlian in tlie adult animals. This difference would be 
expected since there must be an adjustment of tlie luimlior of these cells to the 
adult condition. Our data indicate that there is no marked change in the rela- 
tive number of the other cells with age. The differential count winch Scarbor- 
ough reported for adult dogs of 69 jKr cent piilymorpboiiuclear neiitropbiles, 20 
per cent lymphocytes, 5 per cent cosii.uphiles. and 6.7 per cent large mononuclear 
and transitional forms is .similar to our averages, Tiie sliglifly higher iierccntago 
of polymorphonuclear neutrophiles in our data may be dm* in part to the in- 
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pinsioii of transitional forms as stabs. The percentage of mononuclear colls in 
our (lata is lower, liowcver. than the 1 to 5 per cent often reported. 

It is evident that wherever comparisons can he made tlie data obtained ninlcr 
tlie routine conditions of a small animal hospital are in good agreement witlith; 
data reported from cxi)erimental laboratories. Apparently there is no essoiiti,*! 
diflVrenee between studies made on finer breeds of dogs kept a.s pets and th 
avtU'age normal pound dog. The data we have presented, therefore, will Wlidp 
ful in establishing indices for blood cytology of normal young and aihdt dox 
and can he used as a reference for interpreting abnormal and pathologic finding' 
from the hos}nlal. 

SUJtJtAKV 

A study of the blood cytology of 66 normal dogs of different ages. lirctHk 
and St xivs was undertaken to establish normal indices for dogs received and e.v 
. uiinctl under routine hospital conditions. The data obtained demonstrate tht 
:1u' l ed hhiod cells increase in number from less than 5 million per c. nini. e; 
lilooil at "j months of age to an average of 6.2 millions in the adult. 11? 
i-orpust, o'er hemoglobin is essentially constant for all ages and equal to appmxi- 

matoly * lH ’- gm. The hemoglobin concentration in tlic blood, therefore, aki 

ineve;!'. s i vom 9 to 10 gm. per 100 ml. of blood at 2 montbs of age to an avcract 
of to I in the adult animals. There is no marked effect of age, breed, or ?cx 
u]iou iIk' roi'imsoular hemoglobin in normal young or adult dogs nor on llicco!!- 
( CiOiatmii ,it' iiomoglobiu in the blood of the adult dog. 

riit‘ .uorage white blood oell count in 35 dogs from 2 to S months of 
iueU'isHX'. IS 12,165 per c. mm., which is slightly higher tlian the average wtiiii 
ol 11.467 t'oi' 31 adult animals. The average differential count for tlio yiaw? 
doers is ,55,S p(>r cent segments. 33.3 per cent lymphocytes, 6.7 per cent sink 
3),i)7 I'cr cent eosinopiliiles, and less than 1 per cent mononuclear cells. The dii- 
forcnlial count for adult dogs is 65.27 per cent segments, 21.7 per cent hnipF 
cytos. 6., >6 por cent stabs, 5.43 per cent eosinophiles, and less than 1 per oa* 
mononuclear cells. The lower percentage of polymorphonneleav mniti'opliiles 
tlio young dogs is line to a smaller relative number of segments, the stahs ivaiair 
ing constant. 

These results will Ire used in the future as a I’eferencc for interpietias. >'1 
normal and patliologie findings. 
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SPUTUM STUDIES IN PNEUMONIA: THE EFFECT OF 
SULFANILAMIDE'^ 


Arthur AV. Frisch, M.D , Detroit, JIicii. 


O E GENTLY Price ami ^lycrs^ have attempted to evaluate sulfanilamide as a 
Y tlierapeutic ajient in the treatment of pneumococeie pneumonia. In con- 
junction witli the al)ove investigation, 70 roent"eno|;raphicaUy proved cases of 
l>ucumoniai were studied, and the effect of sulfanilamide tlierapy upon the 
pneumococci in the sputum u-as observed The type distriliution, the incidence 
of bacteriomia, and the outcome arc listed m Table I For details of dosage and 
the clinical analysis of results, the reader is referred to the paper by Price and 
!Myers. 

Table I 


TYPE 

CASES 

BAClMlIEMr.V 

DEATHS 

I 

IS 

5 

1 

II 

oo 

10 

.3 

HI 

G 

3 

4 

IV 

3 

1 

0 

V 

1 

1 

0 

VII 


0 

1 

vin 

3 

2 

1 

Others 

10 

4 

1 

Total 

70 


11 — 16 per cent 


Only tliosc patients who produced cither bloody or rusty sputum have been 
included in the above series. Thin smears were made directly from rusty por- 
tions of the sputum and treated wth Wright's blood stain. Specimens were 
obtained before therapy was instituted and, when possi]>le, at twelve-hour inter- 
val.s throughout the acute stages of the disea.se. The number of pneumococci per 
oil immersion field and tlie degree of phagocytosis were determined in the man- 
ner previously described.-' ^ 

RESULTS 

Tile effect of serum therapy upon the pneumococci in the sputum has al- 
ready liecn reported^' ^ and in brief may be summarized as follows : In samples 
of sputum obtained before scrum treatment was instituted, the organisms usually 
appeared as individual encapsulated diplococci which were evenly dispersed 
throughout the .slide. Relatively few were being phagocytized (Fig. 1). The 
intravenous injection of specific horse or rabbit antibody was followed by the 
appearance of clumps of encapsulated pneumococci in the sputum, and in some 
eases by a definite increase in phagocytosis. The numher of extracellular en- 

•From tlic Wayne Univer«5ity College of Medicine. Departnient of E.acterioIog>% Detroit. 

This study was paitiallv aided bv a giant from tl»p Conunnnwe.ilth Fund to tlic Michigan 
nopaitnient of Health Lahoratoiic'*. ' 

Received for publication. Jliiy 4. 1939. 

tNino p.itlent.s icceivcd .serum either bcfoio or eoim'ideiil.il \\itli .''Ulf.milamide tlieiapv. 
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eapsulated pneumococci per oil immersion field gradually decreased so timt hv 
Ihc time the sputum lost its rusty character, only a few were present, Ocm- 
sionally specimens of sputum from patients who had not yet received tliera[iv 
contained encapsulated pneumoeoeci which were already clumped. In tliK 
cases it was felt that tlie spontaneous clumping was indicative of a developin: 
active immunity.^ 

The major effect of sulfanilamide, as seen in the sputum, was entirely dif- 
ferent from lliat observed wlien serum was the tlierapeutic agent. Approxinwloh 
twelve liours after tlie drug was administered, the number of extracellular 
eneai)sulated diplococei per oil immersion field began to decrease. Within 
Iwcnty-four to thirty-six hours it xvas frequently difficult to find pneumoencfi in 
samjdes of rusty sputum even though the pretherapy .specimen had coiitaiiicl 
many. The remaining organisms were evenly dispersed and showed no cvidenci’ 
ttf cluuqiing. Some minor changes, however, were noted in the pneumococci 
themselves. They frequently varied in size and shape. Chaining was common, 
and often one pair of cocci in a chain stained deeply, while others wore scarce!,'’ 
visilfic. Xo distinct alteration in the size of the capsule and no increase in 
lihagocytiisis attributable to sulfanilamide have as yet been detected. 

The effect of sulfanilamide in contrast to that of serum is presented in 
Table II. The eases cited liave, for the most part, been selected because tlw 
sputa ciiniained fairly large number's of pneumococci before therapy was iiisli- 
luted. The I'ffeet of the drug in these patients was moi’e striking than intlitfc 
with only a ft-w organisms per field. However, similar results xvere obtained m 
liraetically all of the recovered eases. Since the data from those patients "to 
died are too meager, as a whole, to rvarrant discussion at the present time, on ' 
one such case i.s presented. The remaining patients listed in Table II recoierct- 
The figures given represent the mnnber .of extracellular encapsulated pnc'i 
mococci ])er oil immersion field before tlierapj' was instituted, compared "itli * 
average count of specimens examined each day until the patients no loiLCf 


produced rusty or bloody sputum. 

One may note from Table II that in the serum-treated cases the appeara^c 
of clum})s of extracellular pneumoeoeci was directly related to therapy 


After 


clumping liad occurred, the mimlier of pneumococci per field gra ^ 


radually de- 
creased. Similar ohsorvatioiis have been made in 65 additional patients 
with serum. In exceptional eases, a considerable increase in pneuniococc! ' 
noted even in the presence of clumping. 

Alost of the patients treated xvith sulfanilamide showed a 
number of free pneumoeoeci per field udthin twenty-four to thirfy-mrr 
after therapy was instituted. This effect was maintained throughout the 
during which rusty .sputum was obtained and was not related to the 
clumping (sec (,'ase^ D.F., F.D., E.E.. and D.O. in Table 11). In \j|i,in 
patients who showed the initial decrease, tlie effect was not. maintained. 
two to four days, in spite of the continuation of sulfanilamide therap.y, 
luimhcrs of imcnmococci rcajiiirarcd in the sputum. This is e-T‘‘inphtiefl ^ 
C.C., F.S., AV.L., C.P.. and d.A. in Table II. The above findings ,i.n 


indicate that, tlie pneumococci, once son.sitivc, had hccomc refractory to 


liie (Irne- 
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(July 2 of tin- 69 voouvcml oases Irealod Avilh siilt'anilamidc (JIAV. mid 
Co.F.) failed lo show a liaotevioslalie offccl in the spntnin within thirty-sl'i 
lioui's. iM.W. did not develop adequate blood .sulfanilamide levels until the sixtli 
hospital day, Imt in the ease of Co.P., 12.8 mg. per cent were obtained on the 
second hospital day. Nevertheless, only a transitory sulfanilamide effect wa'i 
noted in the sputum. 



Fis. 1- — Sputvuu specimen before therapy. Kote the number of pneumococci P 
absence of clumping, and phagocytosis. , 'lif 

Fig. 2. — Specimen eight liours after sulfaniiamide therapy was begun, ® 
pneumococci have not ciecreascd hut are chained, irregularly shaped, and some poo > 


The possiljlc role of the immunity mechanism in its relation to .sulfm'' ^ 
therapy must also be considered. In all except one of tlie cases presen 
Table II (D.C.), clumping of extj-acellular encapsulated pneumococci 
sciwed at some time during the cotirse of the disease, but this 
ito relation to the dose or period of administration of sulfanilamide. 
esting to note that those patients wlio developed clumping during the it’s 
days of treatment (D.P., F.D., E.E.) wei-e the ones who ^'*^spondecl bts 
drug. The remaining ]iatient.s who failed to show clumping before lOC ’ 
the seventh liospital day were also the ones in whom the pneumococci re 
to the sputum following the good initial drug effect. Case J.A. became r 
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tovy lo suU’aiulaiuido on the i'ourtli hospital Ua\. The piieiimoeocci inereasecl 
progressively thercal'lcr, and, although lu* developed early clumping, the organ- 
isms multiplied so rapidly that he died on tlie evening of the seventh hospital 
day. Cases and Co.P. showed elum]>ing in the sputum on the fourth and 

sixth hospital days. This Avas followed 1>a a gradual decrease in number of free 
pneumococci, together with a marked increase in phagocytosis, similar to that 
seen in sernm-treated iiatients. The correlation lietwcen the sputum findings and 
the clinical response of the patient Avill be reported in a scjiaratc communication 
when a larger series of cases has been stmlie<l. 



Fig:. 3. — Specimen thirty-two hours after sulfanllamiae theiapy was begun. Note the 
ni.irked reduction In pneumococci. The chalninc and Irregular staining character ptjrsist. The 
■T Pnarent decrease in capsule size is due to the thickness of the smear rather than to any actual 

reduction. 

Fig, 4. — Specimen eighty hours .after sulfanilamide therapy was begun. Note the return 
of pneumococci in l.argc number, clumping of extracellular organisms, and associated increased 
pliagocytosis. 


The relationship lictween the initial bacteriostatic effect of sulfanilamide, 
the reappearance of jnicumococci in the .sputum, and the onset of clumping of 
extracellular organisms may hest be illustrated by the patient C.P. (Table II). 
He Avas a colored male, aged 25, aa'Iio Avas admitted to the hospital on tlie third 
day of illness. The blood enlture contained 6 type II pueuuioeocci per cubic 
centimeter, roentgen and clinical CA'ideiiees of consolidation of the right lung 
field were present, and his total leucocyte count Avas only 7,300. Treatment 
'vitli sulfanilamide Avas begun fifty-fiA*e hours after the onset of symptoms. 
He received a total of 36 gin, of snlfanilamide over a five-day period, Avitli 
hlood levels varying from 5.6 to 7.7 mg. per cent. The drug Avas discontinued 
the fifth hospital day because the patient developed janiidiee. 
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Spnluni FX<mrmiiru)i) Ix'fore llierapy was instituted showed 53 piieumocoeei 
])i'r oil immersion field, 1 or 2 pneumoeoeci per phagocyte, and no evidence ol 
clumping ol’ extracellular organisms (Pig. 1). Eight hours after the initiatioii 
of sulfanilamide therapy, the sputum contained over 50 pneumococci per field, 
but the organisms were chained and assumed bizarre shapes (Pig. 2). Twenty- 
four hours later the maximum drug effect was noted, and the extracelhilni' 
pneumoeoeci dropped to 5 per field (Fig. 3). Baeteriostasis was maintaiiitti 
throughout the next day, but on the morning of the fifth hospital day flic 
extracellular i)neumocoeci began to return to the sputum, and the count rose to 
22 per field. By evening it had reached 33, and definite clumping was noted 
for the first time. On the morning of the sixth day clumping and pliagocytosis 
had increased (Fig. -f), and thereafter a progressive reduction in the numherof 
free pneumoeoeci took ph eo (Table II). The patient made a gradual Imt 
uneventful recovery. 

DISCUSSION 


If the sputum findings refieet the actual pneumonic process in the lini!!. 
then the results of this .study lend strong support to the concept that sulfanila- 
mide is of value in the treatment of jmenmococcic pneumonia.^ The bactcrio- 
I static effect, as indicated by the rapid fall in number of pneumococci per field in 
t the sputum, is in harmony with what is known concerning thc'.action of thedru!! 
in vitro and in vivo.^'“ The mode of action of sulfanilamide and related com- 
l)Ounds, howe\or, i.s still open to speculation. Changes in the capsule have been 
suggested by some,^"’ hut the claims have not been substantiated by 
others.”' Increased susceptibility to phagocytosis has been noted, particu- 
larly for streptococci, by Long, Bliss, and others.^’ Kecently Long, Bliss, and 
Peinstone'^ were unable to show an increased phagocytosis in sulfanilamide- 
treated mice infected with types I, II, and III pneumococci. Disintegrative and 
morphologic changes in strciitoeocei^®’ and pneumococci’® have also bwn 
described. As already mentioned, no evidence has as yet been obtained cliinni! 
this study to show that sulfanilamide induces changes in the capsule of fbe 
pneumoeoeci or tliat it renders them more susceptible to phagocytosis. Tlie-'C 
findings, together witli tlie minor changes in morphology and staining cbarndci 
of the pneumoeoeci, are in accord with those of Long and others.’®' 

Eecently Lawrence,-’ and Telling and Oliver” described a decrea.sc in tlic 
number of organisms in the sputum during sulfapyridine therapy. They 
noted that the Quellung reaction disappeared. However, Fleming," 
and \Vhitby,-® and Long” were unable to .substantiate the loss of type spccifici y 
in infected animals under treatment with the drug. We have also atteinptc n 
repeat the cxiieriments of Lawrence, Telling, and Oliver in sulfaniiamide-trca c 
cases. At times during therapy a diligent search was necessary, but 
capsulated pneumoeoeci were found in the sputum, they gave the typical Acn ^ 
reaction. 

The reajipoaranee of the jmeumocoeei in the sinitum after three to fi'C < n.^ 
suggested that tlie organisms, wliieh were still typeahle, had become 
to the action of sulfanilamide. This fact must he considered in the cm im ^ 
of therapy because of its possible influence upon the clinical eonr.se o 
pneumonia. For example, one might expect that a patient who.se .spat”'” ’’’ 
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laiiicd chimps of encapsulated pneumococci would respond very dift'erontly from 
one who had become refractory to sulfanilamide and had developed clumping on 
the seventh hospital day. Boak and Carpenter^' have recently shown that 
gonococci cultivated on media containing sublcthal doses of sulfanilamide w’ere 
tlien able to survive lethal concentrations of the di-ug. Lyons’" has reported a 
fatal case of hemolytic streptocoecus septicemia, treated w'ith sulfanilamide, in 
which the organisms were found to be rc.sistaiit to phagocytosis. AVhitby-® has 
also suggested the possibility of the bacteria’s becoming refractory and advise.s 
that therapy be continued with another related drug. 

The clumping of encapsulated pneumococci m the sputum of sulfanilamide- 
treated cases at some time during the course of the di.sease, would seem to indi- 
cate that the development of active immunity al.v* plays a role in the outcome of 
the pneumonia.®' ® lifclntosh and Wliitby-* have nia<lc some analogous observa- 
tions on mice who recovered from pneumocuccai inic^-tion after treatment with 
siilfapyridine. They found that those animals wci > pn-iectcd from reinfection 
in the same way as actively immunized mice and s'lcc- ihat tlie immunity, and 
not the previous drug therapy, was rosponsiM*' i* r Um resistance. However, 
Long®* was unable to substantiate the abo\c ’• s 'I's Accoiding to the findings 
in the sputum, the value of sulfanilamide in tivainicnt of pneumonia seems 
to depend upon its limited ability to inhibit t'l* -.iiowtli uf thn pneumococci dur- 
ing that period of time nccessaiy for the p.nnnt to dc'. clop his own immune 
response; or to permit a partially immune bui <i\ex*wjn-ln-ii ii host to mobilize his 
defensive forces effectively. 

summary 

1. The administration of sulfanilamide to patients with pneumonia caused 
n decrease of encapsulated pneumococci in the sputum witlnn twenty-four to 
thirty-six hours. 

2. In some eases, the bacteriostatic effect was maintained for tw’o to four 
days, at which time the pneumococci again returned to the hputnm. 

3. Tlie relationship betwoeu tlie effect of sulfanilnmido and the appearance 
of clumps of extracellular pneumococci in the sputum is discussed. 

AihUndiun.—X bacteriostatic effect analogous to that protlucefl b)' 5.ulfaiiilaniiae lias also 
been observed in the sputum of patients treated with sulfapyiidine. Houever, resistance to the 

as judged by tlie return of pneumococci to the simtuin, has not ji" yet been noted. 

Pliotographs by C. G. Edily, Eloi-^e Hospital. Eloise. Mich. (M.icnification l.SOO.) 
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THE DETER^IINATION OF pH A’ATA’ES OF BIOLOGIC FLUIDS. I* 


Albert Gi.aubigek and K. Georgf. Falk. New York, N. Y. 


INTRODUCTION 

jVyjANY laboratories nsinp: sera, iDcdia, infusions. determine pH values of 
such materials as a routine procedure, (‘olonmctric methods are cm* 
ployed, as a nile, probably ])ceausc of the compai-atively rapid and convenient 
techniques which have been developed. However, different laboratories have 
developed somewhat different procedure.s foi- tlie electrometric and colorimetric 
methods. In this paper we present a comparative experimental study of the .pH 
values obtained for various buffer solutions and the biologic products and 
hacteriologic media in this laboratory with the routine colorimetric procedures 
in use here, and with the electrometric method using tlio glass electrode. Other 
laboratories may use still different mctliods or modifications of some given meth- 
ods. 

In the practical application of any metliod for i>H determinations (whether 
elcetrometrie or colorimetric) it is well to recall that tlie successful application of 
n given procedure ju.stifics its use. At the same time, the knowledge of the pH 
values of test materials based upon some standard reference electrode system is 
of interest and importance if only for comparison with the work of others. 

FJCPERIMENTAL MF,TH01)S 

The colorimetric methods were as follows : 

I. Hellige color disk comparator method. t 

H. Dilution method based on Sorensen’s standard buft’or mixtures and 
indicators.^ 

1. Sorensen phosphate buffer mixtures. 

2. "Walpole acetate buffer mixtures. 

3. Clark and Lubs borate buffer mixtures. 

In inetliod I a standard Hellige hydrogcn-ioii comparatort was used. 

In method H a wooden “block comparator” of the type described bj' 
__JJ;J^t 2 , Sleyer, and Osteiiberg^ wa.s n.scd. 

Hoalfh^v"^ 9'*^ Willi.nm H.-illock Paik Laboratory, Bureau of I.nboratories. Department of 
r»ev,- lork. 

li\ byUjogfn-ion conjpar.'itor standanl color dhk.': anU imlicator solutions prepared 

Inc. 

Reeclve(l for publication. May 3. 1330. 
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The following indicators wei'e used in the colorimetric detcrniinatioiis: 


I. HELLIGE COLOR DISK 

COMPARATOR METHOD’' j 

II. MODIFIED SORENSEN DIEDTION MmiOD 

INDICATOR 

pH 

RANGE 

CONCENTRA- 
TION % 

INDICATOR 

pn 

RANGE 

CONCEKTP.A- 
1 TION* 

a. Phenol red 

6.8-S.4 

i0.04 (Wf 

a. Phenol red 

6.8-S.4 


b. BromthjTnol blue 



b. Bromthymol blue 

■tHIBfUM 

n^HfH 

c. Meta-nitrophcnol 

6.8-S.4 

||@|b 

d. Thymol blue ! 

■atiBaiM 


j. Amino red 


e. Bromcresol purple 

5.2-O.S 


k. Gamma-dinitrophenol 

l. Para-nitrophenol 



li. Methyl red 

' 


0.02 (A) 


W = distilled water. 

A alcohol. 

^’Concentration and solvent not given by Hellige, Inc. 


The electrometric method included the Macinnes-Belelier glass cleclrodc— 
saturated calomel electrode in conjunction with the Young electron ray meter.* 
By keeping the glass electrode filled with distilled water when not in use, tlie 
residual potential within the glass membrane (asymmetric potential) was main- 
tained at a constant value. The Macinnes-Belcher glass electrode has liccii ampl.r 
described in the literature.®'^’ ■ 

The Young electron ray meter is constructed to record directly the clcetronw 
tive force or the pH values. Tliis pH meter employs a cathodc-ray tiiiic in con 
junction with a five-element vacuum tube as null-point indicator. 

Macinnes and his co-workers have recently made accurate dctcrminalionsof 
the pH values of a number of buffer solutions.® Employing a fiuadrant elec- 
trometer in conjunction with the hydrogen and glass electrodes, they fouiu le 
following readings for 0.05 molar acid potassium phthalate (KHCsIIiOj). 

pH 4.000 ± 0.005 at 12° C. 
pH 4.000 ± 0.005 at 25° C. 
pH 4.015 ± 0.005 at 3S° C. 

The temperature coefficient of this solution is approximately zcio 
and 25° C., and about 0.001 pH per degree between 25° and 38 . ‘ 

urements with tlie Maclnncs-Belcber gla.ss electrode of a varietj o )U 
t ions have demonstrated a linear relationship between pH an e cc i 
force- from pH 1 to pH 9, 0.05 molar acid potassium phthalate is f 
a calibrating and reference solution. The electrode was also legu ai , 
by means of a borate buffer solution of pH 8.00. 


EXPERIMENTAL RESULTS ^ 

Data will be pi-esentcd for (a) buffer solutions, (b) bacteiioloc'c 

(c) biologic products. _ soliilio'’ ««*■'' 

In using the glass electrode assembly, the pH value of the test 
be obtained by direct observation on the electron ray ,,,i‘c(iuati"'t 

calculated from the electromotive force observed by means le ■ 


Since the two sc. 


whid) 


using 0.05 M acid potas-sium phthalate as reference solution.- ^ ^ 

of values so obtained differed by less than 0.02 pH c.\ccp -- 
the ditferenee was 0.03. only the former readings will he pre.sentcd m 


♦Euilt by s. B- Yoiinfr. now with the Americ.m In...lnmwnt Co. 
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^Vholu•ver the solutions for either coloriinetrie or cleetromotrie study were 
diluted, it is so stnted in the taldes. Tn all other eases tlio solutions and mixtures 
were used directly as jn-epared and described. 

The pIT of tile water used for dilution was found liy tlie p:lass electrode, after 
standin" for several hours at room temperature and exposed to the air, to range 
from 6.28 to 6.32 for different .samples. The .saline vai'ied from pH 0.27 to G.So. 

A munlier of results obtained with buffer solutions are iircsentcd in Table I. 
These solutions were preiiarcd as described by (Tark. In tlie first part of tlie 
table the effects on the glass electrode measurements of dilution with water and 
with saline (0.85 per cent .sodium clilorido solution) are shown in eohimn.s 2 and 
3. In the colorimetric estimations an indicator is naturally added. The changes 
in pH due to the prosenee of indicator substances were measured, and the pH 
values arc shown in columns 1, 2, and 3. The indicator.s used are given in the 
last column of the table. The colorimetric results olUained witli the Ilelligc color 
disk comparator for the three sets of solutions, inuliiiited, diluted with water, 
and diluted with saline, arc prc.scntcd in columns 7. S. and t). The volume for 
each measurement was 3.5 e.c. made for the dilutions as follows; 


Column 1 — Undiluted solution. 

Columns 4 and 7—3 e.c. solution and 0.5 re. indicator solution. 

Column 2 — 1 e.c. solution and 2.5 e.c. water. 

Column 3—1 c.c. solution and 2.5 e.c. saline 

Columns 5 and 8 — 1 c.c. .solution, 2 c.c. water, and 0.5 c.c indicator solu- 
tion. 


Columns G and 9 — 1 c.c. solution, 2 co. saline, and 0.5 c.c. indicator solu- 
tion. 

Ill the second part of the table the glass electrode melliod and the modified 
Sorensen dilution colorimetric method, using the comparator block of Hurwitz, 
Hc^er, and Ostenherg,^ M'ore compared for a number of tlie buffer solutions un- 
diluted and diluted with four volumes of distilled water. For the colorimetric 
leadings with these solutions, 0.25 c.c. indicator was added to 2 c c. of undiluted 
tLst fluid and diluted to 30 c.c. with distilled water. 


The results .shown in Talilc 1 may be summarized as follows : 

In the glass electrode measurements, botli in the ahseiieo and in the presence 
^ indicator substancc.s, dilution with water increased, and dilution with saline 
ceieased the pH. TJm most alkaline pho.sphate mixture fe.sted was tJio only 
exception. Slost of the diffei'ences between the original and diluted solutions 
iiere less than 0.2 pH. Tlie presence of the indicator made very little difference 
uit le readings; only in a few eases was this difference greater than 0.05 pH. In 
e leadings -with the Ilellige comparator and disks, possibly 0.05 pll would 
lepresent the reliability of the color comparisons by an experienced worker. The 
3 mgs of the water-diluted and saline-dihitcd .solutions agreed and disagreed 
each other with no apparent regularitj*. The largest difference was 0.3 pH; 
■^number were 0.2 pH. Sim.ilar differences existed with the undiluted colori- 
In a comparison with the glass electrode measurements, the 
ly, file colorimetric readings, as a rule, lie within 0.2 pH or less, 

er this is to be considered largo depends on the solution in question. For 
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Taiii.k 1 


j-]I VAi.rr.s OK HrKKKU yoiA'TioNS BY TiiK Obass J5i,e(T):oi>k aX)> Coi,()i:iMmii; Mimioi'.- 

Part 1, f. ~ 25° C. 


(,i.\ss Ei-ncTiionn | 

1 OBASS ELECTKODE | 

1 liKI.I.IfiE roI.OIM.MIXmr 

I'Nia- 

(3) 

1 

1 

i 7 vor.. + 

1 2..5 VOI,. 

vv.vrEii 

(2) 

3 VOI.. + 
2.."> VOI,. 
S.M.IXF, 

(3) 

3 VOI.. + 
0.5 VOL. 
IXDI- 
c.vTon 
(:!) 

1 VOI,. + 

2 VOI.. 
WATEi: + 

0,5 vou 

IXBI- 

c.vToi: 

(3) 

1 7 VOI.. + 

2 VOL. 

1 .SAI.IXE + 

0.5 VOL. 

IXBI- 

CATOI: 

(«) 

3 VOL. + 
0.5 VOL. i 
INI>I- 
CATOU 

(7) 1 

7 VOL. + ! 
2 VOL. 
WATEI: 4 
0.5 VOL. 
IXIil- 

CATOi; i 

(S) 

1 VOI.. 4 
‘J. VOL. 
.S.U.IXK 4 

0,5 VOI,. 
ixm* 

CATOi: i 
(!>) : 

i 

! l.VK- 

xnh 

(Uh 


Phtlialatc Buffer fsoliitmix 


4.07 

4.10 

4.00 

4.00 

4.2^ 

■Sm 

.3.9> 

4.0: 

4.0: 

(M 

4.23 

4.33 

4.10 

4.20 

4.3G 

BIH 

4.3» 

4.2» 

4.2: 

(kl 

4.43 

4.. 55 

4.20 

4.40 

4.57 


4.3: 

4.4: 

4.2: 

(ki 

4.G5 

4.7S 

4.40 

4.00 

4.S0 


4.0: 

4.S> 

4.0: 

(!.! 

4.S4 

4,97 

4.07 

4.87 


4.72 

4.8: 

4.8: 

4.S: 

(kl 


5.70 

4.00 

.5.71 

5.27 

4.05 

5.0: 

5.0: 

5.0: 

(ki 

0^9 

5..3S 

5.14 

3.,30 

5.40 

5.7 7 

5.2: 


5,1. 

(k) 


5.G0 

5.33 

5.50 

5.00 

5.38 

5.4: 


5.4> 

(kl 

5.00 

5.82 

5.55 

5.73 

5.84 

5.00 

.5.7,: 

ME ■ 

5.0: 

(1) 

5.00 

(i.lin 

5.75 

5.05 

0.05 

5.S3 

(i.O: 

0,0: 

5.0. 

(ll 

(i.OS 

0.21 

5.01 

(i.OS 

0.21 

5.05 

(i.o-. 

0,2: 

0.0: 

(ll 

(i..30 

0.40 

6.15 

(>..30 

(i.4li 

(i.20 

0.4: 

(>.5: 

0.4: 

(It 


Plioxplintc Buffer Solntinnx 


5.S3 

0.00 

5.05 

5,84 

5.00 

■booh 


5.0: 

5.S: 

(It 

fi.no 

(1.74 

5.80 

0.03 

fi.75 

5.85 

0.0-. 

6.05 

0,0: 

(1> 

(i.iO 

G..34 

0.02 

0.22 

0..34 

0.00 

0.2: 

(>.2: 

(1.2: 

(It 

0.40 

fi.54 

(i.25 

0.42 

0.54 

0.2S 

0,4: 

0.5: 

0,4> 

(1) 

fi,50 

0.74 

0.4(! 

O.Cl 

0.72 

0.40 

6,75 

I).S: 

ii.O: 

fl) 

(i.Sl 

0.05 

(i.OS 


(i.02 

0.00 

0.0: 

7.0: 

O.R> 

(1) 

fi.OS 

7.12 

0.S5 

-.02 

7.15 

0.87 

().0:(ll 

O.Oo 

7.0: 

(f) 

7.20 

7.5:1 

7.07 

7.24 

7.52 

7.7 1 

7.2n 

7.43 

7.1s 

<') 

7.41 

7.72 

7.28 

7.44 

7.07 

7.31 

7.45 

7.55 

T.Hi 

(v/ 

7,50 

7.S5 

7,45 

7.02 

7.74 

7.47 

/.oi 
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Table Ii 


pH Valves of Bacteuiolckjic IIedia by the Gl.vss Electhode and Colorimetric Metuods 




GLASS 

IIF.LL10E 

COLORIMETRIC-MODinED 



ELECTItODE 

COLORIMETRIC 

SORENSEN 

DILUTION 

METHOD 

M.\TEr.IAL 

H) 

T “ C. 

(2) 

TNUl- 

LL*Tn> 

DIIA'TED 

1 YOU + 

4 YOI.. 
WATER 

(4) 

5 VOL. 4 
0.25 \oi.. 
ixm- 

C.VTOR 

(5) 

ixm- 

CATOU 

r.srn 

ffi) 

10 VOL. 
0.25 VOL. 
INDI* 

C.KTOi: 

(-) 

2 VOL. + 

8 VOL. 
WATER 4 
0.25 VOL. 

INDI- 

CATOR 

(S) 

INDI- 

C.VTOR 

USED 

(9) 

Beef heart infusion 

2o° 

5.S7 

0.03 

- 

- 

5.7* 

5.7: 

(C) 



(i.lO 

(5.2G 

G.Oi 

fill 

G.Ot 

6.0* 

(e) 



(5.32 

C.43 

6.«i 

tb) 

C.O* 

G.Oi 

(e) 


30® 

5.0S 

G.13 

5.0; 

(•-) 

5.0: 

G.Oo 

(e) 



(i.OI 

6.22 

6.0, 

(U\ 

5.0: 

G.O* 

(e) 



(5.05 

<5.2.3 

5.0: 

<1)1 

5.0: 

G.O* 

(e) 

I'neuniococcus t>rotli 

25“ 

7.7(5 

7.S1 

7.‘^> 

Cfl 1 

7 (5* 

7.G: 
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7.S5 

7.02 

7.S: 
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7.S* 

7.S* 

(a) 
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7.(5S 

7.76 

7.S* 

(a 1 


7.6* 

(a> 





7.4> 

(3> 

L _ 




7.'!5 

7.01 

7.0» 

I n ) 


r.s. 

(a) 





7.5: 

0> 
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7.0* 

<a» 

S.O. 

70' 

(a) 


30® 



7.0o 

(a) 

7 0: 

7.9: 

(a> 




■dtm 

7.''» 

(a» 

7.4* 

7.4* 

(a) 



■nn 


7.0: 
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■mil 
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- 

_ 
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■1 
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_ 

■ 
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7.04 
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7.04 

7.00 
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(a) 

7.9: 
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fa) 
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biologic fluids such differences miglit not he considered serious. At the 
time the ])ossil)ility of such divergence must he kept in mind. 

Similar conclusions hold for the re.sults in the second pai-t of the table. Dilu- 
hon ^vitli water caused similar changes in the measurements. The colorimetric 
loadings for the phthalatc and pho.sphate buffer solutions, as a rule, were less 
'311 the electrometric, and for the borate Imffer solutions were greater tlian the 
lometrie. The differences between the colorimetric and electrometric re.sults 
less than 0.3 pH except for a few solutions. 
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pH vjihu's ot* 0.42, 0.19, suul 0.37. Two oilier preparotion.s ot‘ diftVmit j)iieuiuoni}i 
type aiitibodie.s ‘rave din’ercnec.s of 0.25 and 0.23 pH unit, one nonnal lior.se 
serum difl’ereiiee was 0.24 pll and one antiKearlatinal scrum dift'erenee was 
om pll. 

1>I.SCTL‘?SK)X 

T)io pH of a solution is a funelion of its hydro"en-ion activity. The activity 
of an individual ion siiceics cannot, however, he obtained in any simple un- 
equivocal way. If measured by eleetroinelrie methods, eoi'tain assumiitions arc 
introduced in ealculatinj; tlie pll values from the electromotive forces whicli are 
measured. If colorimetric metliods are used, eohir cliauffcs involvin*,' tautomeric 
forms of organic substances arc involved. Klcctromotivc force measurements and 
tautomeric changes may lie considerably intlueneed ))>* otlier substances jircsent 
in .solutions. Tlie.so iiroblcms have been fre<|ucntly discussed and studied. It 
will suffice to mention the.se facts without entering into Hie details. 

In view of thc.se relations, the (|Ucstion of what would l>c tlic most iirobalde 
pH value of a solution must lie considered. At the present time, the values ob- 
tained from the electromotive forces by means of tin* glass electrode arc readily 
roproducible. They arc based, in the customary way, njion the normal hydrogen 
electrode ns the standard reference electrode. For most of tlie tc.st solutions for 
wliicli results arc presented in tliis paper, the agreement between tlio electro- 
metric and colorimetric metliods was well within ±03 pH unit. Within these 
limits any one of the colorimetric methods outlined above is satisfactory, pro- 
vided color standards arc ebeeked jieriodically by means of some standard 
electrode sy.stem, A factor to be considered .seriously is tlie eft’oet of dilution. 
Practically all the colorimetric methods for determining the pll values of 
Wologicals involve dilution with water or saline. Tlicso dilutions change the pH, 
as sliowi in the experimental results. In our .solutions dilution with water 
increased the pH and dilution with saline decreased tlie pll. The diluted solu- 
tions gave similar results by tlic electrometric and colorimetric methods. It is 
evident that the pH values of these diluted solutions were different from the pH 
values of the undiluted solution, the differences with some of these solutions 
amounting to 0.2 pH. This fact must he taken into account in considering that 
the hiologicals as actually used differ somcwliat from the values given. Purtlier- 
moi’c, the colorimetric measurements should always be made under identical 
conditions with re.spect to volume of test solution, vohimo, and character of 
diluent, temperature, etc. Even when tlie.se factors arc kept constant, tlicre may 
he marked differences between the electrometric and colorimetric methods due to 
specific effects of the test fluid. 

SUMMARY 

An experimental .study of the pH values of buffer solutions, bacteriologic 
media, and hiologicals is presented, using the glass electrode and some of the 
colorimetrie procedures Avhich have been developed. The differences in the pH 
values obtained under the different conditions of testing and the possible influ- 
cuce of these differences in routine work arc indicated, 

Uue Dr. Jacob Wemberff and Mr. Eugene Caidone for their colorimetric 
"'’nations of the test fluids. 
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A FURTHER NOTE ON THE STABILITY OF GLYOERINATMI) 
ANTISHEEP HE OLYSIN*^ 


Robf.rt a. Kiutri'FU, A.3I., AI.D., Atiantic City, N. J. 


I N 1924 I reported tlic .sali.sfaetory preservation of glycerinatcd anlishtcii 
lteinoly.sin for a period of .seven yeans.' It was then shown tliat hy tlic ioEi- 
tion of an equal volume of glyeerin, a.s advocated hy Kolincr- and Clock ami 
Beard, ^ this hemolysin, though subjected to varying and even marked cliamtc^ 
of temperature over vaiwing ])eriods of time, having had an origitiid tiler at 
1 ;20.000. after seven years still had a titer of 1 :16.000 witli O.n c.c. of l-'-kl 
]dement and 0.5 c.c. of 2 per cent sheep cell snspension. 

An am])aule of this same lot of hemolysin made in 1917 wa.s reeeiith tin- 
earthed and again titered twenty-two years ttfter its preparation. Mitit a d'>^' 
of 0.5 c.c. of 2 ])cr cent sheep cell suspension and 0.5 c.c. of l:-30 lyophiie com- 
jdcnient prepared after the method of Flosdorf and AIndd, a liter of \ 
was obtained. 

AYhilc this evidences a marked decrease from the original liter of It-il- ['■ 
it suffices to demonstrate that glyeerinated antisheep amboceptor for ii.w m 
eomplement fixation tests is remarkably stable and can be pre.scrved sntbl.it 
tovil.v for extended jicriods. It also einpliasizes, incidentally, tlitit iiiioiiw ou 
results in eomplement fixtition le.sts are never due to failure or doprccmtion 
antisheep hemolysin. 
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TIIK TKKAT.An*:XT OF BFNTGK PROSTATIC IIVPKRTIiOPn V WITH 
TESTOSTERONE PROPIONATE*' 


Ahi!.\ha.m THASon\ ^LI).. PinLAmii.rniA, Pa. 


E NDOCRINOTjOGY lias nuule rapid strides within tlic jinst decade. Its bciie- 
hts Iiavo l)cen well uli!i/ed by the jryneeohtijists in the treatment of innu- 
meralilc di^^orders of tlie female. Praelieal eiuloerinolofry in llie male has been 
nc"lcete(l, aside from the early attomjits to treat iiniuitenee and senescence. 

Rrown-Seqnard, adminislerin*? test ieiilar extract to him.self. alleged that Jii.s 
vipor and capacity for work wei*e increased. Voroimff and Steinach applied this 
principle of rejuvenation liy transjdanlinir testes i»f aj)e.s into human beings. 
The.so tlicorics were discredited when it became iAnh'nt that testicular atrophy 
had no causal relationship to senescence More n'cenlly. eiuloerinologists/* = im- 
pressed with the fact tlial the normal eoiuhtion of tlie piustate is dependent 
upon an intact pituitary-testes relationship, have initialed researches and clini- 
cal experiments designed to illuminate the haflling problem of tlie etiology and 
treatment of benign prostatic liypertrophy. 

The following two theories, both depending uiion a disprojiortionate rela- 
tionship between the .sox hormones, are currently expounded in explanation of 
the etiology of licnign prostatic liyiioiirophy : 

1. Tlie testes produce two hormones one by tlie germinal epithelium of the 
somiiiiforous tulmlcs, and the other by the intei>.titial cells (cells of Lcydig). 
From puberty to the age of hO the first Iiormone has an inhil)itory effect on the 
production of gonadotropic hormone Iiy tlie anterior ]>ituitary, which in turn 
prevents tlie production of the second hormone, the male sox hormone, which is 
resiionsible for prostatie hy^ierlrojiiiy. At about bO there is a lessened secretion 
of the germinal epithelium, removing the tiitiiitary inhibition and permitting 
ovoractivity of the cells of Lcydig with overproduction of testosterone and con- 
sequent prostatic hypertrophy. This theory is lield Ity Martins and Roclia® and 
^McCuIIagh and Walsh.-* 

2. !ilale and female sex hormones are present in both sexes in certain pro- 
portions throughout life. In males, as age progresses there is a gradual diminti- 
tion in tlie production of male sex hormone, whereas tlie amount of circulating 
fonmle sex liormone remains relatively constant. Hence, the diminution of tlic 
sex hormone jicrmits a predominant activity of the female sex hormone 
^vliich results in hypertrophy of tlie prostate This theory is liold by de Jonglr"' 
and Laqueur.® 

Biologic methods of experimentation, presently at our disposal, seem to 
a^or t he second theory whieli a.seribcs the prostatie liyjiertrophy to the unan- 

•Froni tJie Denarttuent of Aledicme, llfoimt Sina! Hospital, Philadelphia. 

Read before the Section of Uroloffj*, College of Physicians. Pliiladelphia, Dec. 20. 1937. 
Received for publication. May 9, 1939. 
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tinruiiizcil iiclidii (if thd ffinnlo sex liornioiie, cstrosron. The iollowiiif; ,i,,ta mav h- 
inarshnU'il in supixirt of Ihis theory; 

1. Animul Expcrmcuiaiion. — Lacassagne" in 1933 described prostatic ineta- 
jilasia and stratification of liie urethral epithcliiiin, with subsef}nenf. iiarroiviiia' 
of tile urethra and dilatation of the bladder of mice tliat had received injettimn 
of crystalline estrogen. Burrows and Ivcnnaway,® after applying o.strogen to tiic 
skin of mice, obtained a distention of the prostatic alveoli which became lined iiy 
keratinized squamous epithelium. They called attention to the similarity of tiio 
iiistologic picture, tiie accompanying urinary driiibling, hydrourcter, and imho- 
nejihrosis seen in tliis experimentally produced condition, to the syndrome of 
benign enlargement of the prostate in man. Zuckerman® produced prostatic liy- 
pertrojihy in tiie immature rhe.sns monkey within fourteen days by daily injec- 
tions of 100 gamma. Ziiekerman ob.servcd enlargement of the piuslalc, rchitivc 
diminution of the ]iro.static glands, and stratification of the columnar eiutliclium. 
These alterations eonhl be inhibited by the simultaneous administration of a 
jnire in‘e]iaration of male sex liorinonc or, wlicn developed, could be eradicated 
by its administration. 

Similar oxiierimonts in mice by numerous investigators yielded rcsiiits com- 
jmrable to tlio.se of Zuekorman, Busch, employing male mice, administered 
subcutaneously injections of estrogen (progjmon B) twice weekly for a period 
of from 122 to 137 days. Pathologic changes of the prostate were noted within 
thirty to seventy day.s. They included a change from columnar to stratified 
sipinmoiis oiiithelium and an inci-case in the fibromuscnlar stroma. Sliortiy 
afterward, dilatation of the urinary bladder and development of scrotal hernias 
imifurmly appeared. With the establishment of these alterations there was an 
actual, though slight, decrease in the size and weight of the prostate. Adminis- 
tration of the male se.x liormone, tos(o.slerone, indueed a reversal of the .stratified 
.siiiianiiius epithelium to the columnar epithelium, greater secretion of the inucoii' 
giaiuls, and increase in the weight of the prostate. The tc.stostorone did noi 
reduce the augmented fihromnscnlar .stroma nor the size of the dilated bladdn. 
Wlien testosterone was employed eai’ly in the experiment, it delayed theiippeai- 
ance of the dilated bladder from forty to fifty days. As control siihstanee.' 
Busch employed progesterone and dchydroandrostcronc, hut neither of therf 
produced reversal of the epitlielial metaplasia. 

While it appeal’s from these experiments that testo-steronc causes enlaifi*’ 
ment of the jiro-state, Buseli cautions that one must distingui.sh hetween an n*’ 
creased size and weight of the whole gland, and the hypertrophy of only ceilam 
ti.ssne.s. He claims that a di.sproportion exis1.s in various species between 1 1 < 
tibromnsenlar stroma and glandular epithelium. Hence, if the glandular p'r 
lion jircdominates. ns in mice, the administration of" a substance which air<->t 
secretion will result in diminution in the size of the gland despite an 
in the tibromn.seniar stroma. On the other hand, the admini.stration oi a mi 
stance, such as te.sto.st crone, whicli stimulates glandular .secretion, evoke.- an 
inerea.se in the size of the gland in miee. 

2. Jlum'i’i Bio-Assinj. — Gallagher” and his associates iiavc deinoustnifen 
marked tUietiiatiohs in tlie daily urinaiy c.xcretion of the male and female 
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hormones in men and women. Dingenmnse'® and liis eollaliorator.s found tlic 
hormones in the nrino of both .sexes in equal proportions, but noted a decrease 
of the male sex liormone before puberty and with advanced age, implying tliat 
less is secreted. Rnseh and Knndcst” have shown that the excretion of male 
sex hormone is decreased in proportion to that of estrogenic hormone in men with 
enlargement of the prostate. The oKservations of Owen and Cutler'* are inter- 
csting, but the.v neither add nor detract from the above conclusions. 'While they 
found no increase in the urinary prolans nor in the other .substances aeling like 
the female sex hormones in the urine of patients suffering from prostatie hyper- 
trophy, as compared to the normal, they failed to report on the quantities of the 
male sex hormone. 

3. Cliniccil Ohsm'atious . — Von Cojqielen'' treated aO men witli benign 
hypertrophy of the prostate by intrnmuseular administration of a crude tes- 
ticular extract (Ilomberal) and reported cures in 23 (.'>0 ])er cent) without 
(limiiiution in prostatie size. .Similar results were obseiued witli pure crystalline 
male sex hormone by Zuekerman.'’ Iiower and Jlet 'nllagh"' reported encourag- 
ing results in patient.s with jirostatism by oral administration of a crude desic- 
cated c.xtract of beef restes named “inhibin’' by them, and alleged to be a defi- 
nite hormone which inhibited the pituitary gonadotropin. Since their extract 
included the entire testicular substanee. it is difficult to understand how the 
testosterone fraction was eliminated, lloreovcr, the obsei’valions of Hamilton, 
Heslin, and Gilbert" do not siqiport the theory that impro\ement of benign 
prostatie hypertrophy may bo obtained by inhibition of tlie pituitary gland. 
They treated 9 jirostatie males, over a period of twenty-six days, with daily 
doses of from 500 to 1,500 international units of e.strogen (llieelin) which has 
marked inhibitory efl'cets on the iiituitary without obtaining any imiirovcment 
in the urinary disturbaneo. Walther and Willoughby'* treated l.'i patients with 
prostatie hypertrophy with intraniuseular and oral administration of androstinc 
with excellent results. Tlicy, however, also employed prostatie massage. 

The Present Stitdij . — I was attracted to the iiroblem of prostatie hyper- 
trophy by the acute retention of a man of CO, with iaiindice, hepatomegaly, and 
auricular fihrillation incident to arteriosclerosis, in whom surgery was not ad- 
visable. All indwelling catheter was introduced into the bladder for seventy- 
two hours. Testosterone propionate (Orcton) in doses of 5 mg., three times 
weekly, -^as administered intramuscularly. Within three weeks the patient’s 
nycturia was reduced from five or six times to two or three times. Treatment 
was continued for an additional tlirco weeks with excellent 'results, nycturia 
occurring only once or twice. For trvo weclcs following withdrawal of treatment 
he felt perfectly well and then developed sudden reeiirrent acute retention, 
necessitating catheterization. Believing that perhaps larger doses of testosterone 
propionate would bo of more value in jirostatism, the present study was under- 
taken among the inmates of two Jewish Sheltering Homes for the Aged. 

This study was purely clinical, the following data being recorded for each 
patient : 

(1) A definite history of prostatism with urinary frequency; difficulty in 
starting the stream; dribbling; necessity of catheterization or of any surgical 
treatment of the prostate, and the duration of symptoms. 
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(2) A general pliysical examination determining chiefly the state of the 
cardiovascular system ; the presence or absence of liypertension, and the size of 
the prostate, as determined by digital rectal examination. No laboratory e.xam- 
illations were made. 

(S ) Results of administration of testosterone propionate. 

Twenty-seven patients were obseiwed; 19 in the two above-mentioned insliiu- 
tions; 4 in the wards and clinics at the IMount Sinai Hospital, and 4 in private 
practice. The youngest was 60 and the oldest was 86. iXlost of them were hyper- 
tensive and arteriosclei’otie ; a few had residual evidence of a cerebrovascular 
episode. All were ambulatory and none were decompensated. The duration of 
the pi’ostatic symptoms varied from 3 to 18 years. The degree of prostatic 
enlargement, varying clinically from plus 1 to plus 4, had no relation to the 
clinical manifestations. Some patients with pins 4 enlargement had nocturia 
four or five times, whereas others with plus 1 enlai'gemcnt had a nocturnal fre- 
quenev' of from ten to twelve times. Three had undergone prostatectomies 
twenty, eight, and two years previously, respectively. In only 2 of these was a 
hard prostate palpable, yet all of them had distressing nrinaiy svTnptonis, Treat- 
ment was limited to testosterone propionate. No patient was catheterized nor 
wei'c any medications prescribed. Tljeir manner of living was not changed dur- 
ing the eoui’se of treatment. Tlie diet and water intake remained the same. 

The material employed in this study is “testosterone propionate,” a pro- 
pionic acid ester of testosterone in a solution of oil. Its contents of active Imr- 
mone are in accordance with the .standards of the League of Nations.’'" 

Amount of Testosterone Propioneifc Aebninist ered , — Testosterone propionate 
was administered inti'arauseulai'ly twice weekly. The dose employed was cither 
5 mg. (1.5 patients) or 10 mg. (12 patients). Improvement was noted after the 
administration of from 40 to 50 mg, in 18, and after 60 to 70 mg. in 5 patients. 
The remaining 4 patients who subsequently received larger doses which totaled 
from 100 to 110 mg., failed to improve. Once improvement was noted, the dos- 
age was reduced to 10 mg. once weekly. Treatment was continued for three 
montlis. Among 8 patients whose treatment was discontinned for 6 weeks, - 
had recuiTcnce of symptoms which were controlled by 3 weekly doses of 10 w"- 
each. 

RESULTS 

Twenty-three patients (85.2 per cent) showed definite clinical ilnpro'en^ent 
and 4 (14.8 per cent) pa{ie 2 its failed to respond. The nature of the improve 
ment included the following; 

1, A general stimulation which may he attributed either to the incicased 
rest because of the diminished nocturia or to a specific hormone factor. 

2, Increase in the force of the urinary flow and g^-eater ease in starting 

stream. In 4 patients severe colicky pains, radiating to the nrinarv 
during micturition, appeared when the stream became stronger, .snggestiag 
presence of vesical calculi. ^ ^ 

3, Dramatic dimmution of urinary frequency. The nocturia in 20 

2-3 improved patients was decreased to not more than twice. Three an-': • 

complained that tlicy had cea.sed to void even though tlmir daily water m 
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niuountctl to 2 or 3 liters. However, iio edema was demonstrable in any of the 
0 patients nor did they have excessive perspiration or vomiting, implying that 
they had uneonsciou.sly exaggerated the diminution which, nevertheless, was 
marked. 

4. Dribbling and clothcs-wetting eompletely disapi)eared in 3 patients, and 

enuresis was cured in 1 . , 

5. There was no diminution in the size of the ]nnstntc in any patient, not 
even in tho.se patients witli marhed imiu-ovement. 

Of the 4 patients who failed to respond to treatment, one probably received 
insufficient dosage, 2 others had a tong history suggestive of calculi with urinary 
infection, and the remaining one was a markedly neurotic business man. The 
latter had frcrpicnt urination but no residual urine, and his urinalysis was nor- 
mal. In this instance the frequency was insibably psychogenic in origin, despite 
the presence of jirostatie hy))ertropby. 

iiccliankm nf the licspousc to Tcsio.il( rone . — The mechanism by which im- 
provement of prostatism oeeiU's following testosterone treatment may be simply 
explained on the basis of physiologic alterations ratlier limn on gross structural 
changes. Tliis opinion is based on the following evidence : 

1. There is general agreement that an alteration of either the glandular 
fissile around the prostatic urethra or the siibeervieal gland.s of Jfotz and 
Alliarraii scattered over the trigone of the bladder is the origin of the so-called 
adciiomatoHs enlargement of the )>ro.state uhicli actually causes the urinary 
symptoms. 

2. Animal experimentation revealing the metaplasia from the normal colum- 
nar epithelium of the prostate gland to squamous ejiithclium under stimula- 
tion of estrogen and the reversal to columnar ejiitheliiim uiion the introduction 
of androgen is very suggestive tliat the eliaiigcs arc ))bysiologie in nature. More- 
over, the accretion of the eiiithelial glands is arrested by estrogen and stimu- 
lated by androgen. Recalling that androgen is diminislicd with age, and that 
according to Champy'’” and his associates, a mucoid edema around the vessels of 
the vernmontanum is normally present in the healthy adult animal but not in 
aged animals, indicates that histologic ebanges arc the result of physiologic 

alterations. 

3. There is no relationshiii between the size of the prostate and the clinical 
symptoms. Conversely, as the clinical .s.vmjitoms .subside the prostatic hyper- 
Irophy remains stationary. 

d. When recurrence of urinary frequency after cc.ssation of testostei'one 
Piopionate treatment takes place, .symptoms will quickly di.sappcar following 
die administration of about 30 mg. of the siihstancc, suggesting a rapid phj-sio- 
legic eliange. 

comment 

Current evidence from animnl experimentation probably justifies the con- 
e usion that the unantagonized action of the female sex hormone, estrogen, in 
eging males is responsible for tlie prostatic liypertropliy and its subsequent 
e^inical manifestations. The beneficial results obtained by the administration 

le male sex hormone, testosterone propionate, are prohalily caused by local 
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effects on the glandular portion of the prostate resulting in a rcveKal o£ tlic 
morbid physiologjL 

Although the present group of patients is comparatively small, tlie iieaiiy 
uniformly favorable results are impressive, especially since no other form ol 
treatment besides testosterone propionate ivas instituted. 'While this limitwl 
study does not justify de^nite opinions on proper dosages of testosterone pro- 
pionate, I am of the opinion that the initial dose sliould be at least 10 mg. every 
third daj' until improvement results, after which time 10 mg. should be given 
weekly for three to four months. In some instances larger doses may be re- 
quired. In order to determine the optimal dosages, accurate bio-assay of tbc 
urinary^ excretion levels of the hormone, as applied by Mazer and Israel-' in the 
management of estrogen administration, will be necessary. 

Urologists frequently consult internists for an opinion concerning the 
feasibility of surgery in many patients witli broken-down cardiovascular sy.v 
tems or with other degenerative changes of old age on whom an operation may 
mean death. If organotherapy can help theso miserable patients before they 
reach the stage of retention and infection, how much morbidity and mortality 
could be prevented? Such an accomplishment would not mean the end of sur- 
gical treatment, for many eases would still require .surgery. 

An additional problem of interest is the possibility of overlooking an asso- 
ciated malignancy of the prostate should testosterone prove a real boon. How- 
ever, not all malignancies of the pi’ostate are diagnosed at present preopem- 
tively, since from 10 per cent to 16 per cent are recognized postoperatively. 


summary 

1. A review of the current hypothesis concerning the endoerinopathic 
etiology of benign prostatic hypertrophy is presented. 

2. Twenty-seven ambulatoiy patients with .severe prostatism as a result o 
prostatic hypertrophy were treated intramuscularly with administered testo 
sterone propionate in doses of from 5 to 10 mg. twice weekly for periods of rom 
two to three months. 

3. Of the 27 patients 23 (85.2 per cent) were markedly improved, a» 
(14.8 per cent) failed to respond. 

I wish to express my appreciation to Doctors Gershon Ginsbure 
icai directors of the two Jewish Homes for tlie Aged, for the privilege of stuclying ^ 1 ^,, fps- 
and to Dr. Jlax Gilbert, of the Schering Corpoi-ation, for his generosity in snpi . 
tosterone propionate employed in this study. 

1710 Pine Stkeet 
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the comparative iodine content of blood and 

CEREBROSPINAL FLUID* 


luRL P. Klasscn-, JI.D., Ruth L. Bierbauji, S.B , and ('.eorhe JI. Curtis, M.D. 
Columbus, Ohio 


majority of patients with hypcrthyroidisiu i>i'oscnt an elevated blood 
mdine^ and an increased lo.s.s of iodine in tlie iiriite." At present few data^ 
concerning tlie iodine content of the cerohrospinal fluid in hyperthyroidism are 
<i'mla])le. The presence of iodine in the cerebrospinal fluid has been demon- 
stiated by several investigators.*"" Tlic rc-sidts reported, however, are not con- 
introduction of Matthews’* modification of the Leipert method for 
® mieroanalysis of iodine makes possible a more accurate determination of 
^^all amounts of iodine. Our purpose in the present communication is to tg - 
POft the results of an investigation of the comparative iodine content of whole 
cerebrospinal fluid in patients with and without hyperthyroidism. 

•From the Department of Research Surgery, the Ohio State University. Columbus. 

^'lagara V was aided by a prant from Mr. ■William tVallace Kincaid, Ellerslle-on- 

‘oungstown, N. Y. 

weived for publication, May 16, 1939. 
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METHODS 

Whole lilood and cereln-ospinal fluid iodine determinations B’cre made wi 
two groups of patients. Ten patients did not have demonstrable thyroid dis- 
ease, but 2 Imd toxic nodular goiter and 8 exophthalmic goiter. Tlie,se patients 
were afebrile and did not present evidence of central nervous system disease. 
They had not received iodine in any form for at least one montli prior to this 
investigation. The 10 patients with hyperthyroidism eventually had a tliy- 
roideetomy, and tlie clinical diagnosis was confirnjed hy the operative ami 
pathologic findings. 

The lumbar pnnetnre was made on the morning of the basal metabolism 
determination. The patients were given orally 3 grains of nembutal for seda- 
tion. Fi'om 20 to 30 c.c. of spinal fluid was removed, 5 c.c. of which rvas used 
for cell and protein study. To prevent possible contamination of the cerchvo- 
spinal fluid by the relatively high iodine level of the blood, the first few droiis 
of the fluid after tlie removal of the wire stylet were discarded. The initial pus- 
sure of tlie fluid was measured and found to he within normal limits in all 
patients. Tlie fluids did not contain an abnormal number of cells, and the pi'o- 
tein contents were normal. 

The venepunelnre was peiTomiied immediately following the luml)ar puna- 
ture. A sufficient amount of blood was obtaijied to permit an analysis of 25 c.c. 
of whole blood and 20 c.c. of serum. The results obtained from the determina- 
tions of the iodine content of the whole blood and serum, together uith the 
cell volume, were used as I'cported® to rule out any inci'cased amount of mitn- 
tional iodine in the blood. All patients studied revealed a low nutritional iodine 
iiidicatiug that there had been no recent increased intake of iodine. 

Analyses of both the whole blood and cerebrospinal fluid iodine were matlo 
by one of the authors (R. L. B.), trsing Matthews’® modification of the Leiped 
method. This method is accurate to within 5 per cent for amounts of iodme 
from 2 to 400 mierograms. When a single determination is made npon a spec' 
men containing an amount below 0.5 micrograms of iodine, the result may be m 
error to the extent of 0.04 rnierogram. Jlatthews’ method has been I'sed 
this clinic since August, 1935, and gives normal blood iodine values of a"*" 
4 mierograms per cent. 

Table I 

The CoMiwn.VTivE Iodine Content op AViioi.e Blood and Cebebbospinai. Fluid ix P-U'm-''' 

tViTiiouT Tiivnoin Dlsease . 


sriKAi. n-vii 


case no. 

DIAGNOSIS 

SEX 

AGE 

B.M.n. 

BLOOD IODINE 

iorix£__ 

1 

Exostosis of femur 

M 

IS 

% 

aiinus 5 

Mg% 

2.0 

figVi 

0.4 

0.8 

o.c 

2 

Obesity 

F 

30 

Plus 4 

3.1 

o 

O 

Psychoneurosis 

M 

30 

Plus 6 

3.2 

o.s 

4 

ISTormal 

P 

25 

aiinus 3 

3.3 

0.4 

0.5 

5 

Osteoarthritis of knee 

ar 

38 


3.4 

6 

Ovarian cyst 

F 

24 

- — — - 

3.4 

0.4 

0.8 

7 

Fracture of radius 

M 

22 

Plus 17 

3.4 

S 

Ulcer of leg 

M 

40 



3.9 

4.1 

0.0 

9 

Psychoneurosis 

P 

26 

Plus G 

0.2 

JO 

Average 

Atropliic arthritis 

jr 

30 

Plus 12 

5.1 

3.6 

flj . 
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Tlic njje.s of the JO patients witlnuil e\i<IejK*c of lliyroid disease ranged 
from 18 to 40 years. TIu* l)asal inetnholic rates wei’o witliin normal limits in 
seven determinations. Tlie blood iodine ranged from 2.0 to 5.1 micrograms per 
cent, with an average of 3.G. This is at the lower range of normal for patients 
in this region using Matthews' method of analy.sis. The cerebrospinal fluid 
iodine ranged in values from 0.2 to 0.8 mieroirram per cent, with an average 
of 0.5 microgram per cent. The results obfarned are presented in Table I. 

Tliere was an elevation of the basal metabolic rate in all tlie patients witli 
hypeilliyroidism (Table II). It ranged from plus 23 to plii.s 84, with an aver- 
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M.SE 

A‘o. mAoxo.sr.s 

nrn.vTioK or 

SY.MPTOMS 

sax 

\<;r 

It. If a. 

iiLOon 

lomxE 

snxAi. 

f'LL'ID 

IODINE 

1 

Toxic nodutnr goiter 

10 Years 

F 

2'' 

Plu.s 20 

5.1 

MR'/r 

0.4 

2 

Exoplitlmlmie goiter 

2 Years 

r 

as 

Plus 40 

0.0 

0.5 

»» 

Exoplitiialniic goiter 

1 Year 

F 

0 : 

Plus oO 

0.1 

0.2 

4 

Toxic noflulnr goiter 

20 Years 

F 

4", 

Plus .Tl) 

0.7 

0,0 

0 

Exoplitiialniic goiter 

2 Years 

y 

:*>s 

Plu-» 2;’. 

8.S 

0.8 

0 

Exoplitlialmic goiter 

1 Year 

V 

:u5 

piu^ 0.; 

8.D 

0.4 

< 

Exophthalmic goiter 

1 Year 

yt 

24 

Plus '^4 

0.0 

0.4 

8 

Exophthalmic goiter 

0 months 

F 

40 

Plu^'OO 

108 

0.5 


Exophthalmic goiter 
Exophthalmic goiter 

G innntlis 



Plu** G."; 

11.2 

0.3 

to 

0 montlis 

F 

4a 

Plu- (i4 

1.1 7 

n.s 

Aiernjje 




Plus 50 

8.8 

0.5 


age of plus 50 per cent. Their ages ranged from 24 to 03 years. The blood 
iodine was increased in all 10 patients. Tliis increase was most marked in tliose 
with a more recent onset of tlie disease. The h>west value of 5.1 mierograms 
per cent was found in a patient with toxic nodular goiter of ten years' duration. 
In a woman with exophtlialinic goiter of C months’ duration and a basal meta- 
holic rate of plus 64, the blood iodine was 15.7 mierograms ])cr cent, which is 
four times normal. Tlie average increase was a little over twice tlie normal as 
found in this region and as compared with the average l)lood iodine of the 10 
patients without thyroid disease. The spinal fluid xodinc concentration was 
•nmiVar to that found vi the individuals wifhouf thi/roid disease, I’anging from 
0 2 to 0.8, with an average of 0.5 microgram per cent. 

IJTERATFRC 

^letliods for the determination of the iodine content of organic materials, 
piior to the introduction of ICendalPs procedure*” in 1920, were inadequate to 
demonstrate consistently the presence of iodine in the normal .spinal fluid. In 
^921 Osborne^ publislicd his analyses of pooled spinal fluid ol>tained from pa- 
tients not receiving iodine. He used Kendall’s method. The average of nine 
determinations was found to be IS gamma* per cent. Following the administra- 
tion of iodides there ensued a rise in the cerc])ro.spinol fluid iodine, this being 
yost m arked in patients with meningitis. 

Gamma ana microgram are .^synonymous, designating 0.001 mg. 
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Cohen” in 1924 was unable to tieinon.strate the presence of iodine iu (Ik- 
spinal fluid of 7 patients without meningeal invoh’einent, each of whom hadn- 
ceived 50 c.c. of 10 per rent potassium iodide solution intravenously from twelve 
to sixty minutes previous to the lumbar puncture. In 3 patients with meningeal 
disease his starch iodine test was positive. 

Campbell and Snodgrass,’- using Kendall’s metljod, found only a trace of 
iodine in the spinal fluid of 19 patients with and without meningeal involvement, 
who had not received iodine for seveiml months previousljL 

Hirscli® in 1930 detennined both the blood and .spinal fluid iodine in norms) 
persons ami in patients wdth Basedow’s disease. With an average blood iodine of 
13 gamma per cent the normal spinal fluid iodine was found to be 10 gamma per 
cent. In Basedorv's disease the iodine in the cerebrospinal fluid was 70 to 90 
per cent of the blood iodine as compared to a percentage of 65 in normal peisoiw. 

Hahn and Sehiirmeyer^ used von Pellenberg’s method for the determinatioii 
of iodine in the cerebrospinal fluid of 17 patients -who had not previously I'ceeivcd 
iodine. Of these patients 12 had syphilis of the central nervous sy.stera. With 
the blood iodine level at 10.6 gamma per cent tlie average concentration of iodine 
in the cerebrospinal fluid was found to be 7.4 gamma per cent. Following the 
administration of iodides the cerebrospinal fluid iodine concentration was in- 
creased. This was augmented by artificially induced fever. 

In 1935 Castex and Sehteingart® determined the iodine content of the cere- 
brospinal fluid obtained from 25 patients, using the method of Leitch and Hend- 
erson, In 4 patients 2 to 2.5 gamma per cent was found, \vhile in the remainder 
onlj" tj’aees of iodine could be demonstrated. Some of the patients had ahnonnal 
cerebi'ospinal fluid, but no relation of the iodine level to any other alteration.? wa.s 
found. 

MeCullaglr analyzed the blood and spinal fluid of 11 patients who were 
undei'going eneephalographic studies and who, excepit in one instance, had no 
thyroid disease. He used Ids own method of microanalysis. With a blood iodine 
averaging 7.7 gamma per cent, the spinal fluid iodine was 2.0 gamma per cent. 

DISCUSSION 

Our findings thus confirm the reports of previous investigators that iodme 
is a normal constituent of the cerebi’ospinal fluid. However, our iodine la ne. 
for hotli the whole blood and cereln-ospinal fluid are definitely lower than Uosc 
of earlier investigators. Moreover, the spinal fluid iodine was 14 per cent o 
blood iodine in patients witliout thyroid disease, and only 6 per cent m 1 ms 
with hyperthyroidism. 

The amount of cerebrospinal fluid analyzed was 15 to 25 c.c. This 
from 0,075 to 0.125 mierogram of iodine. The reagent blanks for these 
were 0.06 mierogram. An error of approximately 15 per cent in the ana }sis o 
cerebrospinal fluid must eonsccjuently be considered. . 

Osborne* was the first to suggest an inereased permeability of the ® 
plexus to iodides in meningeal diseases. Hahn and Schiirmeyer'’ ionn 
fever increased this permeability. In our investigation we were pai 
careful to rule out all patients with meningeal involvement, those with evei, < 
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also those who lind received iodine recently. Each of these three factors might 
result in an abnormal increase in the cerebrospinal fluid iodine. 

Nothing is known of the true nature of the cerebrospinal fluid iodine. It 
may possibly be in a diffusible form, similar to the iodine found in the red blood 
cells.® However, there was no increase in the cerebrospinal fluid iodine in the 
patients with hyperthyroidism, even though there was an increase in the blood 
iodine. This s\u/f/csfs that the thyroid hormone does not circulate in the cerebro- 
spinal fluid. If the thyroid hormone were normally present in cerebrospinal 
fluid, one would expect an increa.se in the iodine content in hyperthyroidism 
similar to the increased blood iodine. 


SU.MMAKV AND COXCLI'SIOX 

Ten patients without thyroid disease, fever, or meningeal disease, who had 
been on a relatively low iodine intake for at least one month, i)rcscntcd an aver- 
age blood iodine of 3.C inicrograms and a cerebrosjnnal tluid iodine of 0.5 micro- 
gram per cent. 

Ten patients with liyperthyroidism, who !ia<l not received iodine for one 
month, liad an average blood iodine of 8 8 imerogranis and a cerebrospinal fluid 
iodine of 0.5 microgram per cent. 

The average cerebrospinal fluid iodine was the same in the patients both 
with and without liypertiiyroidism, even though llicre was an average incrense of 
144 per cent in the blood iodine in the patients with hy])crtliyroidism ns com- 
pared to the patients without thyroid disease. 

Iodine is a normal consUtuent of tho cerebrospinal fluid. There is no in- 
crease in the eerelnuspinal fluid iodine in patients with hyperthyroidism. 
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INTUBATION STUDIES OF THE HUMAN SMALL INTESTINE* 


XVI. The Bacterial Flora of the Ileum Compared With That ok 
Throat and Stomach in Normal Subjects 


Anna C. Nichols, M.S., and Paul M. Glenn, M.D.,t Philadelphia, Pa. 

T he development by Jlillei' and Abbott^ of a satisfactory teelniiquc for rapid 
intubation of the small intestine of man lias made it possible to undertake 
a study of the bacterial flora of that organ and to compare the observations ivith 
those on specimens, collected almost simultaneously, from the upper and more 
accessible portions of the alimentary tract. By a .slight variation in the original 
two-lumened apparatus, uncontaminated specimens from the ileum may usually 
be obtained Avithin a feiv hours. The collection of suitable specimens from 
several areas in the normal affords an opportunity to study the fate of the 
usual organisms as they pass along the tract, and therefore to establish stand- 
ards for subsequent investigation of bacterial flora under abnormal conditions. 

Review of Literature 

Torrey- observed in dogs that B. coli were numerous in the ileum, tkat 
B. xcdclni were even more common, and that putrefaction occurred when inocula- 
tions Avere made on a sugar-free medium. Arnold,^ Avorking on dogs Avith non 
leaking fistulas, observed in the ileum a A'ery rich bacterial flora Avith 
dominance of coliform types. Dack and Petraii'* studied the bacterial actnit. 
in different levels of the intestine of the dog and monkey by means of non 
leaking fistulas and found the green streptococcus usually present in the i eac 
contents. 

Bacterial studies on the human small intestine, particularly the lovei po^ 
tion, seem to have begun Avith van der Eeis^ Avho used, at first, an automatic ca^ 
tridge, Avhieh could be opened at the desired level by an electric 
later an Einhorn tube. He concluded that for man there Avas an obhga e ^ o^^ 
of the small intestine. In fasting normal subjects he found 
bacteria predominating in the ileum. Four groups AAmre present : 
coccxis lacticxis, (b) Bacilhis lactis acrogencs, (c) Bacillus lactis, an ^ 
Bacilhis coli enmunmis. Goldman,® using a duodenal tube Avith a gelatin 
over the bucket, made some tests on material, chiefly from the jejnno ^ 
under normal conditions of digestion. She reported on 4 normal su 
20 hos]iital eases. In the normal persons she found that the viable 
Avithin Avide limits. Siiore-bearing aerobes Avere present in all cases. - na 

•From the Gastrointestinal Section (Kinsey-Thomas 
and the VA'^illiam Pepper Liiboratory of Clinical Aledicine of the Hosplt.nl 
Pennsylvania. 

tJustice AI. Thompson Fellow in Gastroenterology. 

Heceivetl for publication. May 16. 1939. 
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were not pi'cscnt. Gnnii-iiop:alivi; i)a<*ilii «>!* Iho folon ‘>;roup, {^ainma slrcplo- 
cocciis and B. acidopliHu.'i appoaml to ho normal iVntiiros. Bogendorfor coii- 
duded from a study of IT) nonnal suhjocls iiiKler fasliii}; condilions liuit the 
small intestine possessed a speeifle, but not imrticularly varied, tlora of Avhich the 
i>. coll Avas not normally present. Thomson, Einhoni, and Coleman’* used a 
collodion membrane over the end of a siioeial rubber tube to obtain intestinal 
samples. They studied the jiredominant orfranisms of the throat, stomach, 
duodenum, and small intestine in 2 norma! subjects and 10 patients. In the 
normal .subjects .streptococci and spirilla predominated in the throat, strepto- 
cocci in the stomach, and a ‘'ram-negative ccdonlike organism in the jejunum 
and ileum. 

SUIUECT .\NI) TIlCIINIQUi: KOIl SUCUKIN’*} SrECIMnNS 

The present report is based on a ctmiparativc study of the organisms 
isolated under fasting conditions from the throat, stomach, and ileum in 8 
apparently normal adults wlio liad no npi)er respiratory or gastrointestinal dis- 
ease. Interest was ecntcrod on the tlora of the ileum since that of the duodenum 
and its dependence on the physiologic .status of the stomach arc known. 

1. For the throat spccimcn.s, after gargling with a normal saline solution, 
the base of the tongue and the imstcrior pharyngeal wall were rubbed with a 
sterile swab. 

2. The stomach speeimen.s were taken immediately afterwards by means 
of a stoi’ilized duodenal tube with a Relifus'; tip, tJie latter enclosed in a thin 
nibber sheath. After the tube had been in tlie stomach for ten minutes, the 
rubber over the tij) was broken by blowing air into the tube from a sterile 
syringe, and then the stomach stioeimen was aspirated in the usual fashion into 
a sterile container. 

3. For the collection of ileac specimens, a sterile I\Iillcr-Abbott^- ® double- 
lumened tube with a covered tip was introduced immediately after removing the 
gastric tube. The intubation, wliicli required one to four hours, w'as accom- 
plished with the aid of a fluoroscoiie. The bag attached distally to one lumen 
0^ the tube and distended during the intubation was deflated when the desired 
area of the bowel w’as reached to allow free passage of intestinal contents. The 
rubber sheath over the perforations into the other lumen was then ruptured, 
thus for the first time permitting intestinal material, to enter the tube, and ileac 
fluid was withdrawn. 

PROCEDURE 

The studies W'cre commenced as soon as the specimens were collected. 
Hydrogen-ion determinations were made by the Jlcoker and Reinhold qiiin- 
hydroue electrode method. Direct smears of the stomach and ileac contents 
^sre stained by Gram’s method. 

Hlate and hemoeytometer counts were made of the ileac contents. For 
Ihe plate count, dilutions of 1 :200 and 1 :20,000 were made, and 0.5 c.c. of 
each dilution was plated in duplicates on plain agar and incubated aerobicallj' 

anaerobically for four days, after which time counts were made. Direct 
eo^ts were made by hemoeytometer, the contents being diluted 1:20, using 
Loffler’s methylene blue as a stain. A Lei' 3 ’- counting chamber was employed. 
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'J’Ju'ojit cuUures were made on plain and lilood (luiniau) agar in duiilienics, 
aerobic and anaei’obie. Bed' infusion broth, pH 7.2, ivas the basis of all cultiiiY 
media. 

Stomach and ileac contents wore made on human blood, chocolate, Toney, 
and Sabouraud media, and on bi'omthymol bine lactose agar, plain and bi- 
carbonate, braiir glucose broth, deep meat broth, and deep miUr. Blood ml 
chocolate plates were made in duplicates, aerobic and anaei’obie, with e.xeeption 
of one chocolate plate under carbon dioxide. Deep meat and deep litmus milk 
were inoculated with 0.1 c.c. of contents heated to 80“^ C. for ten minutes. 

Anaerobic cultures were studied by means of the improved McIntosh mid 
Feldes anaerobic jar. The air in the jar xvas exhausted by means of a vacuum 
pump, and then hydrogen gas was permitted to flow slowly into the jar. 
Anaerobiosis was checked with methylene blue and a tube of B- mlcliu. De- 
terminations were made by standard methods. Organisms were classified accord- 
ing to Bergey and the Committee of the Society of American Bacteriologists 
(1930). 


OBSERVATIONS 

The hydrogen-ion concentration of the stomach contents of the normal 
adult, as shown in Table I, varied from 1.71 to 7.01. The aeid-hase factor 
showed an influence on the bacterial flora of the stomach contents. The speci- 
mens with a pH ranging from 1.71 to 2.48 and with free hydrochloric acid gave 
no bacterial groivth on any medium. One with a pH of 4.2 and free acid shoved 
only a sarcina and a mold (syringospora). One with a pH of 4.79 and no free 
acid shoived aliundant bacterial growth. One with a pH of 5.08 and no free 
acid showed no growth in any medium incubated aerobically but under anaero ic 
conditions showed moderate growth; three different groups were identified, one 
of which was an obligate anaerobe. In general, stomach contents with a p 
above 4.2 showed moderate to abundant bacterial groivth. 

The ileac fluid of the normal adult was yellowish to greenish brown in co oi, 
viscous, and passed with difficulty through a Berkefeld filter. Its pH varie lom 
6.59 to 7.60. All cultures of the ileum were positive. More colonics grev v 
the ileac fluid ivas alkaline. Feiver organisms and fewer types grew w ’ 
was acid. . , 

The direct examination of tlie stomach contents by the Gram me 
shoived gram-negative and gimm-positive cocci in pairs and short chains 
as gram-negative and gram-positive bacilli. There were moderately 
scopicallj’ visible bacteria in those stomach contents which gave no g 
Gram-positive tj'pes were nnmei'ous in those specimens in which the cn 

were positive. ^ 2 

The direct examination by Gram’s method of the ileac contents siou 
predominance of gram-negative bacteria in all speeimens. 

The hactei'ial count of the ileac contents by plate and direct coun 
marked variation (Table I). The 2 >fofe courif, that is, the 
bacteria, averaged from 144,000 to 3,600,000 per e.e. under aerobic men ‘ 
and from 166,000 to 3,240,000 per c.c. under anaerobic incubation 
no constant relationship between the aerobic and anaerobic jdeids, bn 
was usually higher. 
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Tabi.i: I 


STOilACn 

n.EUJi 

(’.\SE 

.VU.MBF.R 

FREE 

ncl 

i’" 

pit 

nACTERIAL COUKT NO. T 

PI.ATR METHOD 

ER C.C. 

IIEMO- 

CYTOilETER 

METHOD 

AEROBtC 

fOl.TlT.E 

ANAEROBIC 

CULTURE 


Not IlKUlc 

Not iimile 

Not ninth' 

N<»t riirulc 

Not made 

Not made 

J03 

None 

7 oo 

7.50 


5,240,000 

’](i,000,000 

lot 

None 

7.01 

7..'5t» 

‘H)o,oon 

1,002,000 

04,000,000 

100 

+ 

1.74 

0.50 

144,000 

100,000 

38,000,000 

107 

None 

4.70 

fi.fiS 

1,004,000 

2,880,000 

Not made 

100 

+ 

2.48 

7.12 

048,000 

900,000 

50,000,000 

110 


4.2* 

7.5* 

510,000 

072,000 

07,000,000 

113 

None 

5.08 

7.r>o 

Not 

Not sufiicient 

120,000,000 


•UnJvfrsal JnflJcator. 


The direct count viiried from 38,000,000 lo 210,000,000 per c,c. With tiic 
exception of one case, the direct count averajtcd seventy times as high as tlic 
plate count. This variation may he due to the fact tliat many organisms were 
dead or that tliey did not grow well on infusion agar. 

XlACTnUlAP VARIETIES ANU Pl.STRIBUTIOX ' 

In the bacterial study 435 colonics were piehed from plates, and of this 
number 331 were tested l)ioclicmically, tlie remainder being discarded because of 
similarity. 

From the tabulation in Table IT the different groups and species of bacteria 
and tlio frequency with wliicli they occurred in the throat, stomach, and ileum 
of tlie normal adult may readily he .seen. Table III shows groups and species 
of bacteria according to location in each of the cases. 

In tlic throat there were idenlificd 14 groups and 31 species of haetoria and 
1 group each of molds and yeast. 

In the stomaeli contents there wci'c identified 14 groups witli 27 species of 
bacteria and 1 group each of niokls and yeast. 

In the ileum there were identified IS groups and 42 species of bacteria and 
1 group each of the molds and yeast. 

In the throat the Streptococcus group was identified in all cases. The 
next mo.st frequent group was Neisseria, i.solated in 5 of the 8 cases. In rela- 
tively small numbers were Staphylococcus of the hemolytic type, Ulicrococcus 
(nonhemolytic) and Sarcina, and occasionally the pneumococcus, Klebsiella, 
Fiisiformis, Actinomyces, spore-bearing aerobic bacillus, Alealigencs, Bacteroidcs, 
and Syringospora. 

In the stomach contents the groups most frequently present were Strepto- 
fCceus and lilicroeoceus (nonhemolytic). These were pi’esent in 3 of the t cases 
'studied. The next most frequent gi'oups were Neisseria, Staplijdococcus (hemo- 
Ivtie type), and Pseudomonas. Occasionally identified were Escherichia of an 
nuusual variety, pneumococcus, Alealigencs, Actinomyces, Baeteroides, and 

Si'ringospora. 

The group of bnetcria most. fre<tuently identified in tlie ilcac contents was 
^heplococeus, not unlike those found in the respiratory tract. Tiie next most 
f'etiuent groups were IMierocoecus (nonhemolytic) in 7, Staphylococcus (homo- 
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Table II 


Nilmbbg op Times Groups axb Species of Bacteria AXt> Molds IVere Ipestipied ix s 
Throat and Ilfac Contents and 7 Stomach Contents 


oBorps 

SPKCIES 

TEKOAT 

PneumococcDs 


1 


tj-pe III 

1 


type sp? 

0 

Streptococcus 


s 


alpha 

8 


beta 

3 


gamma 

4 

Weiascj'ia 


5 


tiavus 

0 


perflavus 

o 


catarrhalis 

3 

Staplii-lococcus 


3 


albus 

o 


aureus 

? 


epidermis 

0 

Microeoeeus 


3 

. 

varians 

n 


flavus 

1 


subeitreu*; 

0 


spheroides 

0 


candicans 

3 


eandidus 

2 


luteus 

3 


caseolyticus 

0 


luteolus 

0 


freudonTeiebi) 

0 


sp? 

3 

Sareina 


O 

1) 


lutea 

1 


psyehrocarterieu 

3 


subfiava 

0 


ilava 

0 


ventrieuli 

0 


sp? 

u 

Vibrio 


0 


sp? 

0 

Pseudomonas 


0 


TO5'}:ogencs 

0 


eontrifugans 

0 

Acbromobacter 


0 


sp? 

0 

Lactobacillus 


0 


acidophilus A 

0 


acidophilus B 

0 

Ivlebsiella 


3 


capsnlatus 

1 

Eseberiebia 


0 


enterica 

0 


neapotitana 

0 

Shigella 


0 


minutissima 

0 


sp? 

(1 


BTOJIACH U,ED1! 


2 

I 

I 


3 

2 

2 


2 

1 

1 

S 

8 

i 


n 


0 

0 


1 

2 

0 

0 


1 

0 

1 

C 

I 

3 


3 

1 

1 

1 

1 

0 


1 

0 

0 

n 

vj 

ti 


0 

1 

0 

1 

0 


0 

(> 

1 

0 

2 


2 

0 

3 

0 

3 

0 

0 

(3 

0 


a 

I 

i 

3 

0 

3 

n 

3 

I 


3 

1 

3 

J 

n 

(3 

0 

0 

(1 

1 

(I 

1 


0 

3 

1 

n 

0 


3 

1 

) 

3 

t) 

3 

2 


>1 
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TAULK II — CdXT’D 


oKours .sraems 

T1IK0\T 

.STOM.\(’II 

ir.EL’M 

AkaUgenos 

1 

1 

1 

inctalcaligcncs 

1 

0 

0 

recti 

0 

1 

1 

BactoroiJes 

1 

1 

1 

frngilis 

0 

1 

0 

sp? 

1 

0 

I 

Bacillus aerobic 




sporc-bcaring 

1 

1 


atlliaoriMis 

0 

0 

2 

circulatiii 

0 

0 

2 

flexus 

I 

1 

0 

Actinomyces 

O 

2 

4 

aclinoiiioipbus 

g 

0 

0 

orytbropolis 

1 

1 

;; 

sp? 

0 

\ 

1 

Corynobactoriuin 

■■ 

2 

a 

xerosis 

! 

1 

1 

p^oudodiplithorino 

1 

1 

1 

lyniphnphihim 

o 

1 

n 

onzyniicum 

0 

0 

2 

flaviduai 

1 

0 

0 

sp? 

0 

0 

1 

Fusiformis 

1 

0 

0 

(loatiuui 

1 

0 

0 

Snccharoniycotacoao 

1 

0 

3 

sp? 

1 

0 

3 

Syriugo.porn 

1 

1 

1 

psilosis 

1 

1 

1 

Oroup? gratn-posltivc rod 

1 

0 

0 


Hie) in 5, and Sarcina in 5 of the S cases. The other groups present in rela- 
tively small percentage were spore-bearing aerobic bacilli, Coryncbacterium, 
pneumococcus (which was isolated only when the sloniaeli contents had no free 
ncul and a slightly alUaliiio reaction), Neisseria, Pseudomonas. Lactobacillus, 
higolla, Actinomyces, and Escherichia. Present in scattered numbers were 
Elebsiella, Alcnligcnes, Baeteroides, Vibrio, Saceharomycctaceae, and Syringo- 
spora. 

Table III sliows the predominating organisms as determined from directly 
inoculated aerol)ic and anaeroliic blood agar jilates. In the throat, no single 
Predominating organism was noted in 8 ]>aticnts unless it was streptococcus, 
leptocoecus alpha was the predominating organism in the stomach and ilcac 

contents. 

^^ork has been begun on a comparative study of the bacteria in the throat, 
^lomaeli, and ileum of tlie abnormal pewson by tlie iMiller-Abliott intubation 
melliod. The investigation lias been completed in 4 patients; 2 witli ulcerative 
^olitis, one with hyi)ertcnsion witli septic sore throat, and one with an intestinal 
; It suggests that bacterial growth is less extensive than under normal 
'“onditions in tliat fewer kinds of bacteria are present. 

^'^IMI'AUISOX OF (JKOUP.S IN TIIHOAT, STOMAOII, AND II.Kl’M OF NOHMM. AIUU.TS 

Streptococci were identified in all throat and ileac specimens and in the 
^ oniaeli contents of 3 patients. Of the typos isolated aljiha was present in all 
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Table III 


Bacterial Flora According to Case and Area* 


CASE 

NO. 

THROAT 

STOMACH 

ILEUM 

100 i 
1 

1 

Streptococcus alpha 
Staphj’lococcus albus* f 

Micrococcus sp? 

Klebsiella capsulatus 

Not studied 

Streptococcus alpha 
Streptococcus beta 
Neisseria catarrhalis 
Staphylococcus albus 
Micrococcus varians 
Micrococcus spheroides 
Sarcina lutea 

Klebsiella capsulatus'! 
Bacillus adhaerens 

Bacillus circulans 
Actinomyces sp? 
Saccharomycetaceae spf 

103 

Pneumococcus type III 
Streptococcus alpha*! 
Streptococcus beta 
Streptococcus gamma 
Neisseria perflavus 

Sarcina lutea 
Corynebacterium xerosis 

Pneumococcus type III 
Streptococcus alpha*! 
Streptococcus beta 
Micrococcus -varians 
Micrococcus flavus 
Micrococcus subcitreus 
i Micrococcus spheroides 
jAlcaligenes recti 

Pneumococcus type III 
[Streptococcus alpha*! 
Streptococcus beta 
Micrococcus candicaus 
: Sarcina psychrocarterica 
Alcaligenes recti 
Actinomycetes erythropohs 
Corynebacterium enzjmicaa! 

104, 

Streptococcus alpha 
Streptococcus beta 
Streptococcus gamma* 
Neisseria catarrhalis 

Staphylococcus albus 
Corjmebacterium pseudo- 
diphtheriaet 

i 

i 

1 

1 

Pneumococcus type? 

Streptococcus alpha 
Streptococcus gamma*! 
Staphylococcus albus 
Neisseria catarrhalis 
Staphylococcus albus 

Micrococcus candidus 

Pseudomonas mj-xogenes 
Actinomyces erythropobs 
Corynebacterium pseudo- 
diphtheria 

Pneumococcus type? 

Streptococcus alpha ^ 
Streptococcus gamma 
Staphylococcus albus 
Neisseria flavus 
Micrococcus candicanst 

Micrococcus spheroides 
Vibrio sp? 

Sarcina sp? 

Pseudomonas myxogencs 
Bacillus adhaerens 

Corynebacterium enzjmicua 
Corynebacterium spi 

lOG 

Streptococcus alpha 
Streptococcus beta 
AJcaligenes metalcaligeues 
Gorynebaeterium flavidum* 
Bacteroides spf 

All cultures negative 

Streptococcus alpna i 
Streptococcus -,^5 y 

Lactobacillus “ I, 

Lactobacillus acidoplula- 
Shigella minutissima 

107 

Streptococcus alpha 

Neisseria catarrhalis* 
Micrococcus candicaus 
Micrococcus sp? 

Streptococcus alpha*! 
Streptococcus gamma 
Neisseria catarrhalis 
Micrococcus candidus 
Micrococcus caseolyticus 
hlicroeoccus freudenreichii 
Sarcina psychrocarterica 
Sarcina flava 

Pseudomonas centrifugans 

Corynebacterium xerosis 

streptococcus alpj’’^ 
Streptococcus ueta 
Streptococcus 
Staphylococcus aur 

Micrococcus sp? - 

Sarcina psycbrocarter.ca 
Sarcina ventriculi 

Sarcina sp?*l „„,r;fu'mn.= 

Pseudomonas centnl = 
Bacteroides spi 

Vibrio sp? ,L,opolis 

Actinomyces «>* L? 

Saccbaromycefaeeacjj — - 


•I’roilominating oi'Kiinissni — aerobic jrtate. 
■j-Precloniinating oreanisin — anaerobic plate. 
INo predominant grovm present. 
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TAUI.K 111 — l'0XT*J» 


r.\sE 

NO. 

TIIRO.VT 

STOMACH 

ILEUil 

m 

streptococcus alplia 
Streptococcus beta 
Streptococcus gamma 
Neisseria catnrrlialis’f 

Actinomyces actinomorphus 
Actinomyces crytliropoli.s 
Saccharomycetaceae sp? 

.Vll cultures negative 

Streptococcus alpha*! 
Streptococcus gamma 
Neisseria catarrhalis 
Staphylococcus albus 

Staphylococcus aureus 
Staphylococcus epidermis 
Micrococcus candidus 

Sarcina psychrocarterica 
Saccharomj’cctaceae sp? 

no 

Streptococcus alpha 

Streptococcus gammaf 
Neisseria catarrhalis 
Staphylococcus aureus 

Sarcina psychrocarterica* 
Syringospora psilosis 

Sarcina llavaf 

Syringospora psilosis 

Streptococcus alpha 
Streptococcus beta 
Streptococcus gamma*! 
Staphylococcus aureus 
Micrococcus sp? 

Sarcina psychrocarterica 
Escherichia entenra 
Corj-nebacterium xerosis 
CorjTiebarlenum pseudo 
diphtheria 

SjTingospora psilosis 

lie 

Streptococcus alpha! 

Neisseria pcrflavus 
Micrococcus flavus 
Micrococcus sp?* 

Sarcina sp? 

Bacillus Hcxu** 

Fusiformis dcntiuin 
Gram-po.dtivc bacillus 
groupf 

Eselici ichia neopolitnna f 
Bacteroidcs fragilis 
Actinomyces sp? 

Bacillus llcxus 

Streptococcus alpha*! 
Staphylococcus albus 

1 Staphylococcus epidermis 
Micrococcus candidus 
Escherichia neopolitana 


throat and ileae specimens and in 2 from the slomacli; llie beta lyi)u in 5 of the 
t roat, 1 of tile stomaeli, and 3 of the ileae specimens; and the gamma type in 
of the throat, 2 of the stomaeli, and 5 of the ileae s])ecimens. 

It is of interest tliat the majority of the beta streptococci, 2 from tlie throat 
and 2 from the ileae contents, ivere isolated only under anaerobic conditions. 

'^3 Mere not, lioM’ever, obligate anaei'obcs, though all were markedly micro- 
aerophilic. All produced soluble hemolysins. All retained tlieir ability to give 
^la liemolysis M’hcn groAMi aerobically on human blood agar.'® 

Later in the study, identification of the beta streptococci was made by 
ancefield's standards, using Brown’s" method for precipitation. Of the 5 
1 roat strains, one was group A, one was group B, the others were not done. 
G one strain from the stomach contents did not classify by any sera available, 
fo E, but biochemically was group G. One strain from the ileae contents was 
Sroup B, while two strains wliich gave negative precipitin reactions with all 
^irtiserum used were biochemically group G. 

Hemolytic staphylococcus was twice as frequently identified in the ileae con- 
as in the throat. It was present in only one stomach specimen. Staphylo- 
alhus was the most frequent species identified. 

Neisseria were relatively few in the stomach and ileae contents, although 
^5 were present in over half the throats studied. 
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iUk-rocoeci which wcve predonunafciy nonhciBoiytic were identified hi ] 4 
the S ikac .specimens. Six different species were noted. They oeenmd rclativelv 
less in the throat and stomach contents, namely, 3. out of 8. eases ior the former 
and 3 out of 7 cases for the latter. 

Sareina %Yeve identified in 5 of tire S ileae contents, 3 of the S throats, and only 
1 of the 7 stomach contents. 


The Esehericliia group was not observed in the throat. It %Yas idenliiirf 
in 2 of tiic 8 ileae specimens, and once from the stomach. In the stomadi il 
was isolated from an anaerobic plate which showed a scant flora, the aerahic 
cultures being sterile. 

No B, coli cominunc or commtmior was identified in the tlivec regions 
studied. The one species of Escherichia present in the .stomach and tsvo .species 
pre.sent in the ileae contents were of nneommon YcU-ieties. 

No B. iccJchii have been observed in any of liie eases to date, dospiie carffiil 
search. Specimens have been inoculated into deep meat and milk after heating 
to 80° C. for' ten minutes and incubated anaerobically. We liave readily idenfi- 
ffed this organism in material obtained from the nleerativc lesion of iiieerativc 
colitis cases and Imow it to he jrrcseirt sometimes in tlie pre.simialily normal sraal! 
intestine. 

Tliree groups of bacteria and one yeast., namely, Sliigefia, Lactobaeilliis. 
Vibrio, and a Saccharomyeetaceae were observed only in the ileae contents. 


A gram- 3 >ositive, nonacid-fast, nonhemolytic, nonmotile branching organisat 
belongmg to the Actinomyces group, was identified in 2 of the 8 throats, 2 d 
the 7 stomach contents, and 5 of the S ileae confent.s. The microorganism 
occasionally olrservcd in direct examination of tiie ileae contents. 
exception, the organism was isolated upon human blood agar anaerobic plat® 
Three species were observed according to their cultural and Iriochemical icactioc- 
All species were microaerophilie, Pilament forms were not dominant in punuu} 
cultures and frequently not until several subcultures were made. Inxohihoa 
forms on the end of filaments, both clubbed and s])herieal shaped, were 
in cultures incubated for several days. 

One species eori'espoirded to Actinomyces actinomor pints of 
classification. It gave a luxuriarrt, white, confluent growth on 0.1 
glucose agar, adherent to the medium and difficult to emulsify. It pro 
change in milk, liquefied in gelatin, reduced nitrates, produced no indol, onn 
acid but no gas in sucrose, maltose, levulose, dextrin, and inidin. 

Another species corresponded to Actinomyces erythropolis of 
classification. It showed a smooth, opaque, nonadherent, white growl r 
per cent glucose agar. It formed acid in milk, did not liquefy ^ ^ 

niti'ates in less than twenty-four hours, produced no indol, formed aci 
gas, in glucose, sucrose, lactose, maltose, galacto.se, salicin, levulose, dextnn, 
occasionally in mannite and inulin. 

Another species growing on 0.1 per cent glucose agar, like the lad 
inactive in all media except media for reducing iritrates. 
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Tlio predominiitiii!' oi-ganisina present in the ileac contents of the normal 
fasting adult iverc those eapablc of utilizing sugars, hut not of producing iiidol 
or liquefying gelatin. 

Those organisms capable of digesting proteins, other than the Staphylo- 
coccus group, ivere relatively infrcfiiient in the ileac contents. Six groups and 
7 species of organisms capable of liquefying gelatin, and 3 groups and 4 species 
capable of producing indol were identified. In 1 of the 8 cases, no protein- 
digesting or iiidol-producing organisms were identified. In 2 eases, gelatin- 
liquefying types alone ivere observed, and in r> cases, both gelatin liquefiers 
and indol producers were present. It is, of cour.se, known that many organisms 
\rill first utilize for energy- any carbohydrates present, sparing the proteins. 

SUMMARY AND CONCLUSIONS 

This study of the bacterial flora of the human throat, stomach, and ileum, 
employing for the first time the ilillcr- Abbott tube to secure the ileac specimens, 
indicates, by both aerobic and anaerobic cultures, a marked similarity in the 
organisms from the three areas. Variation in frciiuenc.v rather than types of 
bacteria is noted. The varieties and place of tliscovery may he seen by consult- 
ing Tables II and III. 

In the throat, Streptococcus and Neisseria were the most frequent groups 
identified. 

In the stomach. Streptococcus and Micrococcus (nonhemolytic) were the 
most frequent groups. 

Ileac fluid showed Streptococcus and Jlierococeus (nonhemolytic) as the 
most frequent groups. 

Streptocoeeus alpha was the iircdominant group in the stomach and ileac 
contents. 

Certain t.vpes of bacteria, such as Ji. tvdchii, terminal spore-bearing an- 
aerobes, and ii, coH comiiiuins and coiamwiiior, were not observed in the normal 
fasting adult ileac contents. The Escherichia species identified were uncommon 
varieties. 

Direct examination of the contents of the ilenm by Gram’s method showed 
gram-negative types of bacteria to predominate. 

Biochemical tests showed protein-digesting organisms to be relatively low 
and the carbohydrolytic organisms to be correspondingly high. 

The number of viable organisms growing in laboratoiy media and the or- 
ganisms enumerated by hemocytometcr count showed a relationship of 1 to 70. 

Because certain organisms were mieroacrophilie, anaerobic methods were 
necessary for this study. This was especially tine for the isolation of the 
treptococcus and Actinomycetes group in the throat and ileum. Relatively 
ew obligate anaerobes were identified. 
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LABORATORY METHODS 


A NEW INSTEUJIENT FOR THE OIFPRAOTOJMETRIC JIEASURE- 
MENT OF THE DIAJIETEIt OF RED RLOOD CELLS’ 

RussELii L. ITaden*, M.l)., Clevki^and, Ohio 


•^IIOMAS YOUNG^ in 1813 first applied llie pnnt*ii)le of diffraction of 
^ light to the measurement of small objeels. lie made an instrument which 
he designated an criometcr since it was designed primarilj’ for measuring 
threads of wool, AVitli this apparatus, he determined the diameter of other 
small objects such as vegetable spores and red blooil cells. The figure he 
obtained for the mean diameter of human erythrocytes was 6.8 microns. This 
is not far from the correct measurement. 

The principle utilized by Thomas Young is simple. When a beam of 
white light strikes a small obstacle or is passed through a small aperture, the 
light waves are “bent” at the sides of the object or aperture. Since tlic wave 
lengths of the constituent colors of white light arc all dift’erent, a spectrum is 
prodnecd. This is due to the fact that the degree of “bending” is dependent 
on the wave lengtli of the color. Tlic usual diffraction grating utilized for 
producing a spectrum consists of many pai*allel opmiuo lines closely cut with 
a diamond point on a glass plate. This produces a spectrum in the shape of a 
band. If white light is passed tlirough a film of blood cells or other small 
round objects, a corona is formed of the spectral colors by the same mechanism. 
The blood film becomes a diffraction grating. The coronas formed by cryth- 
roejles are the composite of tens of thousands of individual cell coronas. 

In 1918 Pijper- independently utilized the diffraction jirinciplc for meas- 
uring the diameter of small objects. His instrument was first used for measur- 
ing bacteria. In 1919^ he applied this principle to tlic measurement of the 
diameter of erythrocytes. Pijper has made several types of apparatus for the 
diffractometric measurement of diameter. Zeiss now supplies a practical clin- 
ical instrument, the “blood cell tester,” for determining the diameter of eryth- 
rocytes, made according to Pijper ’s specifications*. 

Unaware of Thomas Y^oung’s efforts, Pijper independently rediscovered 
die principles utilized in the diffractometric measurement of small objects. 
He deserves the greatest credit for the rediscovery, for priority in developing 
a practical clinical instrument, and for first emphasizing in 1924 the value of 
such an instniment in the diagiio.sis of pernicious anemia®. 

Since Pijper's pioneer work, others have made instiaimcnts for measuring 
the diameter of red blood cells by diffraction, Emmons'’ in 1927 described his 


From the Cleveland Clinic, Cleveland. 

V ,, The Haden-Hausser erythrocytometcr is manufactured bv C. A. Hausser & Son and sold 
> the Arthur H. Thoma.'? Co , West Washington Square, Philadelphia, Pa. 
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eriometer; Eve" in 1929 the halometer, and Bock® in 1933, the erytlirocylora- 
eter knowni by his name. The principle of all these devices depends on tlio 
fact that the^ size of the spectrum varies with the size of tlie red blood cell 
and its distance from the light source. The diameter of the coronas varies 
inversely as the size of the particles and also inversely as their distance from 
the light. If the size of the coronas is kept constant, then the size of tlie 
particles will vary directly as their distance from the light source and vice 
versa. With Pijper’s blood cell tester, the distance of the blood film from the 
light is kept constant and the diameter of the coronas is measured; with the 
other instruments, the size of the coronas is kept constant in various ways and 
the distance from the light source is determined. 

I have compared measurements of the red cell diameter with the eyepiece 
micrometer by direct measurement of the cells projected on a screen and with 
the Pijper, Emmons, and Bock instruments”. The Emmons eriometer was 
found to be practical and to give accurate results. Pijper’s blood cell tester 
is designed primarily for comparing abnormal with normal films; accurate 
quantitative measurements wdth it are possible but less satisfactory. Tlie Bock 
erythrocytometer did not give correct readings on abnormal cells. 

Emmons ’ apparatus is a good one but has never been available commercially. 
Since the principles originally used by Tliomas young and those lie employed 
are so satisfactory, we have been interested in the development of an inexpensive 
instrument for the diffractometric measurement of red blood cells. C. A. 
Hausser and Son have been responsible for the mechanical features of the 
instrument; I have collaborated and made the calibrations. 

The instrument is shown in Fig. 1. Tlie light source is a small standard 
50 watt projection lamp, usable on a regular light circuit without a transformer. 
This is set in the base of the instrument. Above the lamp is an opaque disk 
with a small central aperture. Tliis light source is surrounded by three .sets 
of smaller apertures, which are large enough to be vdsible but do not cieate 
separate spectra. A slot is provided for holding the slide or cover glass on 
which the blood film has been made or the chamber if a wet prepaiation i 
employed. A rack and pinion is provided for varying the distance of the ^ m 
from the light source. As the film is moved away from the light souiee, 
colored rings of the spectrum become larger. The position of the 1^. 

thus adjusted until the inner red ring used for the measurement cue 
overlies the inner circle of small holes (Fig. 2). 

The accuracy of measurements of the red blood cells depends gieatb 
the manner in which the film or suspension of red blood cells is prepaie • 
making a film the cells may be greatly altered from the natural 
cells in a good film should be well spread so as to not overlap. 
should not be thin enough to fiatten the cells. A diy unstained piepar* 
gives a much more brilliant spectrum than a dry stained j p,at 

dried plasma, seems to influence the measurements also. We have oim^ 
the most satisfactory specimens are those made on cover glasses s 
Ayright’s stain and mounted in physiologic (0.9 per cent) so ni 



HADEN: measurement OP DIAMETER OP RED BLOOD CELLS 


401 


solution for mcasuriii". A good film of normal blood, -when examined under 
the microscope, should show the normal central concavity of the red blood 
cell sharply. 

In ealilirating the apparatus, one colored ring of the concentric spectra 
must he selected for overlying the circle of small holes. Pijper thinks the 
measurement is most accurate with the yellow ring. Kmmons selected the 
inner red ring. "\Ve have found tliis ring most casil.v read and accurate for 
all variations in the diameter of the cell. Pijper states tliat relative varia- 
tions in the red, yellow, and violet rings indicate anisocytosis and iioikiiocytosis 
also; wc have not heen imi)resscd with the value of such interpretations. 




Piff. 1. — Hadon-Hausser crythrocytomcter. 

Pig. 2.— Field of view of Hatlen-Hausser crythiocytomeler. 

Marked anisocytosis and poikilocytosis arc apparent on examining the film 
under the microscope. The great value of the instrument is in determining 
the mean diameter. Tlie measurement obtained represents the mode or char- 
acteristic diameter and not necessarily the mathematical average. Each 
cell throws its own corona, so the point of maximum intensity corresponds to 
the figure representing tlie diameter of the greatest number of eells. 

If thought desirable, a fresh ivet preparation of red blood cells may he 
employed. The blood is diluted about 1:200 in a red cell counting pipette 
"'‘ith 1.4 per cent sodium oxalate solution which is isotonic with blood. A drop 
of the diluted blood is placed in a chamber 15 mm. deep, allowed to stand for 
a few minutes until the cells settle out, covered with a cover glass, and read 
m the same manner as M-ith the stained specimen. The layer of cells in the 
chamber is very uniform and the cells are unaltered in the isotonic solution, 
'^’he spectrum is not so brilliant, however, as with the dry stained preparation 
inounted in salt solution. The readings are slightly lower in the wet prepara- 
partly due to the additional thickness of the slide. 
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dammar witli xylol and drying, readings are jusl the same as tliosc originally 
obtained. 

‘When the diameter is measured directly, a distribution curve (Price- 
Jones) can be dravn. The shape of the curve sliows the degree of anisocytosis. 
The greatest clinical value of the red blood cell diameter, however, is in the 
mean diameter, espeeially when related to the mean red blood coll volume. 
From these data the tliiebncss can be calculated and the shape of the cell 
visualized^®. 

SUMMARY 

An inexpensive, simido, and accurate ciwthroeytomctcr for measuring the 
mean diameter of tlic red blood colls has been described. A technique for mak- 
ing the i)reparations for readings which gives a brilliant and sharply read 
spectrum lias been outlined. The routine stud\- of every patient presenting 
a hemntologj’ problem should include tlic measurement of tlie mean red blood cell 
diameter and the calculation of the cell thickness. 
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THE DETERMINATION OP ACBTyLSULFAPYEIDINE. P 


JoHX V. ScuDi AND Harry J. Robinson, Rahway, N. J. 


W ITH the isolation of acetylsulfapj'ridine from human urine,^’ - and the 
discovery that concretions of this substance may cause urolithiasis in ex- 
perimental animals,^’ ■* its determination ui body fluids became incrcasingl.v 
important. 

The procedure first employed by Marshall for the determination of acetyl- 
sulfanilamide has, in many instances, been applied directly, without modifica- 
tion, to the estimation of acetylsulfapyridine. In a recent communication,' in 
xvhich he recommended a coupling component superior to the original alcoholic 
alpha dimethylnaphthylainine, Marshall cautioned investigators against such 
usage xvhich may lead to errors of significant proportions. In the present 
study, certain sources of error hax'e been investigated, and the original Marshall 
procedure has been adapted to the determination of acetylsulfapyridine in blood 
and urine. 

In their study of the reaction of diazotized sulfanilic acid and dimethyl- 
aniline in hydrochloric acid, Goldschmidt and Merz" have shown that the re- 
action mechanism is given by a bimolecular equation if a term for the concentra- 
tion of hydrochloric acid is included in the usual bimolecular cxpre.ssion; an 
that neutral salts are without influence on the rate of coupling. The coiiplm? 
of diazotized sulfapyridine with alpha dimethylnaphthylamine is in close analogy 
with this work. At x'arious concentrations in 0.1 or 0.2 normal hydrochloric aci( , 
diazotized sulfapyridine couples completely within fifteen minutes. The rate 
is markedly retarded if the acid concentration is increased. 

Fig. 1 shows the coupling rates of the products of hydrolj'sis of arcty| 
sulfapyridine obtained xvith 2 normal hydrochloric acid.t After sexen.' 
minutes of hydrolysis at water bath temperatures, these solutions were 
and diluted to the appropriate concentrations of acetylsvdfapyridine. The m 
concentration of hydrochloric acid was 0.2 normal in all cases. Stoichiome n 
cally, complete coupling xvas obtained only after sixty minutes. 
although slightly less striking, were obtained xvhen the acetylsulfapyi’i'l'’^® 
hydrolyzed with 0.2 normal hydrochloric acid. 

It is evident from these data that significant errors would be 
the coupling colors were read xvithin ten to fifteen minutes as in the dcteimi < 
tion of sulfanilamide. 

These findings suggest that acid hydrolysis produces some side 
xvhich has a retarding influence upon the coupling rate. To inve.stigate 


•From the Merck Institute of Therapeutic Research, Rahway. 

Received for publication. September 7, 1939. 

■|The Evelyn’ photoelectric colorimeter with filter No. .ItO has been 
The results given graphically are typical sets of cuiwes. 
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phenomenon furtlior, solutions of free sulfaiiyridine were treated witli hydro- 
chloric acid at water bath temperatures for seventy minutes. Various con- 
centrations of hydrochloric acid were used, but after the heat treatment, tlic 
solutions were cooled and adjusted to 0.2 ing. ])er cent free sulfapyridine and 
0.2 normal hydrochloric acid. Tlie coupling rates were then measured, and it 
was observed that the rate of coupling varied inversely witlt the initial con- 
centration of tlic acid u.sed. AVitli an initial acid concentration of 2,0 N, more 
than si.vty minutes were rciiuircd for complete coupling. Tlie.so data indicate 
tliat acid hydrolysis influences the stilfonaniide grouping of tlic free sulfa- 
pjTidinc. 
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1. — Ciin’es l through 5 represent concentrations of 0.1, 0.2, 0.3, O.t, and o 5 mp. per cent 
of acetylsuIfapyrliJIne. respectively. 


Tlio sulfonamide linkage of sulfapyridine is sidit by acid hydrolysis. The 
difference in the coupling rates observed before and after acid hydrolysis can 
he readily understood on this basis. Meyer’ lias shown that diazotization of 
2-aminopyridine in hydrochloric acid yields 2-chlovopyridine. hlorgan's later 
work” indicates that 2-amiiiopyridine may he diazotized in the presence of other 
acids. In the present study a color was observed at high concentrations of 
S-aminopyridinc, but not at the concentrations actually used. Conseipiently, it 
was anticipated that the retardation in coupling rate after acid hydrolysis was 
due to the liberation of snlfaniiie acid which couples move slowly than sulfa- 
Pyridine under the conditions imposed. A scries of pertinent reaction rates is 
shown ill Fig, 2. Acid hydrolysis of sulfapyridine (curve 2) retarded tlie 
coupling Min )(, extent that the reaction was complete only after sixty 

™iinite.s. Mixing stoieiiiometrie amounts of sulfanilie aeid and 2-aminopyridine 
(curve 3) gave the same results, as did an equivalent weight of sulfanilie aeid 
(curve 4). This is strong evidence for the cleavage of the sulfonamide grouping 
upon aeid hydrolysis of sulfapyridine. 
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approximately 50 c.c. -water. Twelve cubic centimeters of 4 normal hydrochloric 
acid were added and the volume adjusted to 100 c.c., giving a urine dilution of 1 
to 100. At this dilution, urines containing 10 mg. per cent acetylsulfapjTidine 
can be accurately analyzed. At higher concentrations of the drug, greater dilu- 
tions may he used. The diazotization and coupling were essentially' that de- 
scribed by itfai’shall.^ To 10 c.c. of the liydroly'zcd and diluted urine, 1 c.c. of 



renrp-s'pmo *;'-~Curv'e 1 gives the absorption data for sulfapyrldinc In 0.2 N HCl. Curve 2 
CuA/p absorption of an equivalent solution of sulfanilic acid and alpha amino pyridine. 

sevVnt^ absorption of an equivalent .«=olutIon of sulfapyridine after hydrolysis for 

CuiA'A^i in 2 K HCl. <ThIs solution was diluted to 0.2 N and the absorption measured.) 

^as calculated for go Per cent hydrolysis. 


■1 per cent sodium nitrite was added, and after three minutes, 1 c.c. of 0.5 per 
cent ammonium sulfamate wms added. After two minutes, 5 c.c. of alcoholic 
■methylnaphthylamine were added, the contents were mixed by inverting the 
tn e twice, and the colors -were read in the colorimeter after fifteen minutes. 

cry little further change occurred if the tubes were allow’ed to stand for six 
hours. 


I^ctennination of Acetylsulfapyridine in Blood . — The method reported by 
ai’shali for the determination of free sulfanilamide is dircetly applicable to 
0 estimation of free sulfapyridine in urine and in blood. For blood at a 1 :50 
^ ution, lOO per cent recovery has been reported. 
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In the present study, water was employed as the taking agent. Aii acid 
hydrolysis^ was employed since some filtrates developed a yellow color durina 
alkaline hydrolysis. Using 0.5 c.c. of 4 normal hydrochloric acid per 10 c.c. of 
blood filtrate containing varying known amounts of acetylsiilfapyridinc, the 
hydrolysis was found to be incomplete and, therefore, 0.5 c.c. of 8 normal hydro- 
chloric acid was used. In order to neutralize the excess acid, 0.7 c.c. of 4 normal 
sodium hydroxide was added before replacing the water of evaporation. Under 
these conditions coupling was complete within sixty to seventy minutes. The 
colors developed were stable for at least six hour’s. 

At a 1 :50 dilution, the recovery of added acetylsiilfapyridinc in a series of 
23 determinations was 92 per cent ± 2 per cent, maximum deviation 6 per cent. 
Final values should, therefore, be divided by 0.92. 


SUMMARY 


The hydrolysis of acetylsulfapyridine in acidic and alkaline solutions has 
been studied. Cleavage of both the acetyl and the sulfonamide groupings omin 
upon acid hydrolysis. The liberated snlfanilic acid after diazotization couples 
much more slowly^ than sulfapyridine. This retardation in the coupling rate 
causes variable results when the method devised for the determination of 
acetyd.sulfanilamide is applied directly to the estimation of acetylsulfapyridine. 
Since alkaline hydrolysis does not cleave the sulfonamide grouping, this retarda- 
tion in the coupling rate may be eliminated. 

An alkaline hydrolysis gave a recovery of 103 per cent (±2, maximum clc\ia- 
tion 5 per cent) of aeetylsulfapyi'idine added to urine. In blood, 92 per cent 
(±2 per cent) of added acetylsulfapyu'idine was recovered by using an aei 
hydrolysis. 


REFERENCES 


1. Katisli 
o 


atisli, H. D., Bullo^Ya, J. G. M., Ames, J. B., and Scudi, J. V.’. 

Products of Sulfanilyl-2-Aininopyridine, J. Biol. Cliem. 128; 279, 1939. q 
B aines, E. J,, and Wien, B.: The Absorption and Excretion ot • ■ 

Aniinopyridine, Quart. J. Pharm. & Pharmacol. 12: 4, 1939. riMl A3- 

Antopol, W., and Robinson, S.: Urolithiasis and Renal . Kxper. 

ministration of 2 (Sulfanilylamino) Pjwidine (Sulfapyridine), Iroc. 

Biol. & Med. 4.0: 42S, 1039. . of f- 

Molitor, H., and Robinson, H.: The Acute, Cumulative and Chrome 
Suifanilylaiuinopyridine and Di-tp-acetjdaminoplienyl) Sulfone, Arc i. 
pharmacodyn. et de therap. 62; 281, 1939. . 

Alarsliall, E. K., Jr., and Litchfield, J. T., Jr.: The Detcrminatiou 

Science 88; 85, 1938. (See also preceding pages by the senior au > -J ^ 
Bratton, A. C., Alarshall, E. K., Jr., Babbitt, D., and Henrichson, A' jgg; 531, 
Coupling Component for Sulfanilamide Determination, J. Biol. 

1939. , .■ pilduag 

Goldschmidt, H., and Morz, A.: P^mamische Untersuchungeu ueber 

Azofarbstoft'e, Ber. d. deutsch. chem. Gesellsch. 30: 670, 1897. Piitprs 3- 

Evelvn, K. A.: A Stabilized Photoelectric Colorimeter With Liglit rm -i 

Chem. 115: 63, 1936. . „ „l,v„n(r (!crsclh)«“ 

Meyer, H.: Ueber einige Derivate der Picolinsaeure und die Ueberxu b 

in Alplia-amidopyridin, Alonatshefte 15: 164, 1894. jy Tliinro''-' 

Morgan, G. T., and Alorrmv, G. V.-. Mon-aromatic Diazonium Salts, ran x - 

Diazonium Salts, J. Chem. Soc. 107: 1291, 1915. -neterminatioi 

Scudi J. V., and Ratish, H. D.: A Colorimetric Atothod for 

Ascorbic Acid, Indust. & Bngin. Chem (Anal. Ed.) 10: f~^’^ ‘]{onantule) in 
Scudi Determination of Sulfaiulainide (p'Ainnioben7,e 

Biological Aledia, J. Biol. Chem. 122: 539, 193S. 


3. 


o. 

6 . 

7. 

S. 

9. 

10 . 

11 . 

12 . 



THE deter:\unation of aoetylsulfapvridine. ir 


JonK Y . Scum ano IIauuy J. Rokinsox, Rahway, N. J. 


R I5CENTLY Marshall^ niodificd his original proeodiire- bj’ replacing the 
alcoholic alpha dimothylnaphth.vlamine witii a sui)enor beta component, 
N-(l-naphthyl) cthylcncdiamiiic dihydroehloricU*. The new method was applied 
to tlie determination of sulfapyridinc, but not to that of acetylsiilfapyridine. 
Since studies in our laljoratorics’’ * required a metliod for the estimation of tins 
latter substance, aMarsliall’s method has been ap])lied to tlie estimation of 
acetylsulfapyridinc. 

It has been shown'* that in dilute solution aeid hydrolysis of acctylsulfa- 
pyridine produces elcavago of both the aeelyl and tlie sulfonamide groupings. 
The sulfaiiilic acid so liberated couples with aleoiiolie ali>ha dimetliyl-napthyla- 
niinc much more slowly than sulfapyridinc. (’onse<|uently, if readings arc 
taken ten to fifteen minutes after coupling, as in tlie determination of acetyl- 
sulfanilamide, appreciable errors arc introduced. 

The use of N-(l-naptliyl) cthylcncdiamine dihydroehloride circumvents 
these rate-retarding factors in a satisfactory, practical way. Under the condi- 
tions standardized by Jlarshall, the coupling of dinzotized sulfapyridinc to the 
new beta component is complete within one inimitc. Complete coupling required 
five minutes wlieu the hydrocliloric acid was increased from 0.2 to 0.8 normal, 
and three minutes were required wlien the sulfapyridinc was replaced by 
sulfaiiilic acid. While those are marked I'ctardations in rate, they arc of no 
technical significance, insofar as the performance of the test is concerned, since 
the time required for complete coupling is short in either ease. 

With this newer and more sensitive component, the extension of Marshall s 
method to the determination of acetylsulfapyridinc in blood and urine involves 
little more than a record of recovery data. 

Blood Detennindtion . — At a 1:50 blood dilution, with the Evelyn color- 
imeter filter No. 540, 100 per cent recovery of added free sulfapyridine 
(“Ij 8, 14, and 20 mg. per cent) was obtained, confirming Marshall’s data. In 
the determination of acetylsiilfapyridine, 8 normal hydrochloric acid was used 
to insure complete hydrolysis. Saponin was omitted in this work. The method 
is essentially that used by IMarshall. To 1 c.e. of blood containing knoivn amounts 
added sulfapyridine, 41 c.c. of water, and after ten minutes, 9 e.c. of 15 per 
cent trichloracetic acid were added. To 10 c.c. of the filtrate, 0 5 c.c. of 8 normal 
hydrochloric acid was added, and the tube licatcd in a water bath for seventy 
minutes. Tlie reaction mixture was cooled, adjusted to 10 c.c., and diazotized 
and coupled by tlic newer method, viz., 1 c.c. of 0.1 per cent sodium nitrite was 
[ jfied^ and after three minutes, 1 c.e. of 0.5 per cent ammonium sulfamate was 

•Prom the Jlerck Institute of Therapeutic Research. Rahway. 

Received for publication, September 7 1939. 
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added. After two minutes, 1 c.c. of 0.1 per cent N-(l-napthyl) etliylencdiamine 
dihydroehloride was added, and the colors were read fifteen minutes after mix- 
ing. 

For added concentrations of 4, 6, 10, and 16 mg. per cent acetylsulfa- 
pyridine, recovery of 96 per cent (+2, maximum deviation, 5 per cent) was 
obtained in a series of 13 exiieriments at a dilution of 1 -.50. The final value for 
acetylsnlfapyridine is thus obtained by dividing by 0.96. 

Urine Determination . — Comparison of acid and alkaline hydrolysis did not 
show ditferences in the galvanometer deflections, but on visual comparison a 
yellow cast was observed in many samples hydrolyzed by acid. An alkaline 
hydi’olysis was, therefore, used, and a recovery of 100 per cent (+2, maximiim 
deviation, 5 per cent) was obtained when 16 normal urine samples to wliick 
acetylsnlfapyridine had been added in concentrations of 20, 25, 30, and 40 mg. 
per cent, were treated as follows : 1 c.c. of urine, 9 c.c. of water, and 5 c.c. of 8 
normal sodium hydroxide were heated in a water bath for seventy-five mimUc.s. 
The reaction mixture was cooled bv dilution to approximately 50 c.c., 6 c.c. of 
8 normal hydrochloric acid were added, and the volume was adjusted to 100 c.c. 
Ten cubic centimeters of this hydrolyzed and diluted urine (1:100) were tlien 
diazotized and coupled as described above. 

SUMMARY 

IMarsliaU’s method for the determination of acetylsulfanilamide, using 
X- (1-naphthyl) ethyl euediamine dihydroehloride as the coupling component, 
has been applied to the determination of acetylsnlfapyridine. Two variations 
have been introduced ; namely, an increase of acid for the hydrolysis of blood 
filtrates, and an alkaline hydrolysis for urine. Kecovery data are recorded. 
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A METHOD FOR. RAPID DETER^IRVATroX OF JIAGNESIUI^r IN BODY 
FLUIDS AND SOJIE PRELnilNARY RESULTS 
ON CLINICAL MATERIAL^ 


Bi:N*ni)icT Cassi:n% Pii.D.. D^rnorr. Mini. 


jV yiETIIODS arc (Icscribed in the literal ure for both tlie chemical and spec- 
trogrnphic determination of magne.sinm in biologic fluids. If suitable 
equipment is available, the .spcctrofrraphie methods liavo an obvious advantage 
over the chemical methods. Tlie most suitable speetrographic method would 
appear to he the dripping arc method described by Tliomson and Lee (J. Biol. 
Chem. 118l 711, 1937). An attempt was made to use tliis method, but so much 
practical difficulty was encountered that it scorned very desirable to work out 
something more suitable for routine determinations. The following simple 
expedient was developed and proved to be eminently satisfactory. 

One or 1,5 c.c. of the bodj* fluid were diluted with distilled water to a 
total volume of 15 c.c. in a flat bottomed glass tube about 1 inch in diameter 
and 1^ inche.s long. This solution was atomized by a fine gloss spraj* jet 
illustrated in Fig. 1. The fine spray was directed into and on the surface of 
the electrodes of a carbon spark. The pressure for operating the atomizer 
^vas supplied from an o.xj'gen tank through au ordinary reducing regulator 
ivhieh latter kept the pressure on tlie jet constant. The pressure and the jets 
were adjusted so that it took two minutes to spray the entire contents (15 c.c.) 
of the glass tube through the spark. An exposure was made on an Eastman 
ultraviolet plate in a small quartz spectrograph while the solution was 
being sprayed through tlie spark. Under tlie.se conditions, with the apparatus 
^ised, the magnesium 2795.5 line has just the correct range of density for the 
usual concentrations of raagne.sium in whole blood, blood plasma, cerebro- 
spinal fluid, bile, etc. Of course, these fluids are diluted 10 or 15 times before 
being sprayed, ,so that, if necessary, a determination could be made by tbis 
uiethod on 0.25 c.c. of original fluid instead of the 1 or 1.5 c.c. used in this 
work. 

Calibrating exposures were made on each plate with solutions of mag- 
uesium cliloride containing 1 mg., 0.5 mg., 0.25 mg. per 100 c.c., respectively. 
At first an attempt was made to use manganese as an internal standard, but 
fhis M-as not found to be entirely satisfactory, probably due to a large effect 
of the organic matter on the intensities of the manganese lines. Within the 
usual range of accuracy of biochemical determinations, the intensity of the 
uiagnesium 2795.5 line did not seem to be seriously affected by the organic 
present, although it seemed tliat much cleaner looking lines could be 

*Prom the Buhl Memorial Laboratory, Harper Hospital, Detroit, 
deceived for publication. April 27, 1939. 
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obtained wiien organic matter was absent. The density of the 2795.5 line was 
determined with a Hartmann Comparator. The densities for the sfamlard 
magnesium concentrations were plotted against the logarithms of the eouccn- 
trations. The three points for the standards were always nearly on a straight 
line. These straight lines always had nearly the same slope, altlioagli their 
positions varied eonsiderabl 3 ^ Results for the body fluid solutions were tised 
onl.r when the densitj' of the lines fell within the range covered by the stanii- 
ards. The results so obtained were considered to be absolute values, although 
it is quite possible that although thej’- are relativelj^ correct, they are off 
absolutely, due to the effect of other substances on the magne.sium line. The 
values obtained ran higher than those reported in the literature as determined 
by chemical method.s. It does not seem possible at present to prove whether 



Figr. 1. 


this effect is spurious or whether the chemical methods do not .show UP <> * 
the magnesium present as might be the ease if organieall.v coinhined, noinoiut 
magnesium were present in the depi'oteinized filtrate used in the 
magne.sium determinations. It is an interesting speculation to eoiisidei u' 
such magnesium compounds are present and play an essential role as 
in the inverse reaction to pliotosynthesis, the formation of carbon 
and water from carboh.ydrates or intermediates. This is in ibie witi 
large magnesium content of muscular tissue and with the eheinical naiu' 


ehlorophj'll. ^ 

Returning to the method, the carbons are cut wedge J ^ 

rounded-olf edge. If the .spraj* is adjusted so that the roundecl-oif c 
always kept wet by the spray, the same cai'hons can be used foi 
determinations. A check run on distilled water will show' onlj t m 
trace of a magnesium line, even though the run is directly aftei a 
nesium J’un. If an exposure is taken with no spray, the magnesmtn 
uj:) intenselv' after the carbons hare been used. However, the spia} coi 
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renews the surface to which the spark strikes, so tliat solutions that have 
soaked into the carhons previously seem to have a negligible effect even 
though the carhoii lines show up strong. 

This method of determining inagncsinin is very rapid. One operator conld 
possibly make 200 determinations a day if that many samples were available. 

The method has been applied in a preliminary way to whole bloods, blood 
plasmas, and eerebrospinal fluids which have been received in the laboratory 
of Harper Hospital. Some triehloracetie acid filtrates were run, but as it was 
found that satisfactory determinations could be made without removing the 
protein, the use of the filtrates was abandoned. All the bloods used were 
oxalated. 



TYPICAL CALIBRATIONS 
Fis. 2. 

As determined by this method, the blood plasma values are 3 to 4 mg. 
per 100 e.c., while for whole blood we obtain 6 to 7 mg. per 100 e.e. The 
generally accepted averages are 2.7 rag. per 100 e.c. for blood plasma, and 
d mg. per 100 e.c. for whole blood. As in the chemical determinations, the 
magnesium does not show a high degree of eonstane.v. but fluctuates consider- 
ably. The fluctuation of the speetrographic values does not seem to be as wide 
as that of the chemical values. On about 50 determinations on human bloods, 
no strikingly abnormal values of magnesium content have been found. How- 
eter, the amount of work done so far is very limited. 

On cerebrospinal fluids, which generall.v contain less magnesium than 
blood plasma, 3 mg. per 100 c.c., as determined by this method, is the average. 

One interesting result of 7.5 mg. per 100 c c. was found in the spinal fluid 
of an infant ten months old, brought to the clinic with .signs of cerebral atroph.v 
and spastic phenomena due to birth anoxia. Aside from the neurologic signs 
of cortical atrophy-, which ivas confirmed by- encephalogram, there was cer- 
''ical lymph node enlargement, and a high serum phosphatase with normal 
oalcium and pliospliorus levels. 

It is known that magnesium ions activate phosphatase. AVhether tiie high 
'oagnesiura was responsible for the high phosphatase or vice versa cannot be 
told from tlie aA-ailable evidence. This case seems to be the first on record 
on almormal magnesium content of the cerebrospinal fluid. 



A MICEODIFFUSION METHOD FOR THE ESTIMATION OF ACBTOXE* 


S. C. Werch, M.Sc., M.D., D.G.O.(Tkinitt, Dublin), Chicago, III.! 


APPARATUS AN0 METHOD 

Q uantitative determination of varied volatile substances has been 
made simple by tlie use of a diffusion apparatus deAused by Conway and 
Byrne^ in 1933. The apparatus knoAvn as the "Comvay unit” is on the mar- 
ket.^ The principle back of it, aceoi'ding to tbe inventors, ‘‘consists in the 
absorption by simple gaseous diffusion of the volatile substance from one 
chamber Avliere it exerts a certain tension into another Avbere its tension is 
zero on the sui'face of an absorbing fluid.” Workers have prcAdously made 
use of the principle, but their technique did not permit reasonably rapid 
results (Durig,® Neuberg^). 

The unit consists of a small dish of fairly thick glass, resembling a Petri 
dish. It is diA'ided into tAvo chambers by a circular Aimll of glass arising from 
the floor of the dish to about half the height of the outer AA'all. Wlien in use 
it is covered bj^ a ground-glass plate and sealed Avith a fixatiA’e. 

Since the introduction of the unit, Avhich Avas associated AA'itli a plan for 
the microdetermination of ammonia, other reactants have been stncliecl vitli 
it: chloride and bromide (ConAvay and Flood®); urea (CouAA'ay®) ; acetone 
and alcohol (Fearon and Webb'^). A reAucAA' of the literature is not intendet 
here, but it may' be mentioned that Professor ConAA'ay''s book entitled ^ 
tativc Analysis hy the Micro-Diffusion Metliocff Avas recently' published. Tm 
book deals AA'ith the procedures developed Avitli the unit, and their A’aiions ap 
plications so far considered. ., 

The method for the estimation of acetone makes use of the Conway nm • 
and the recognition of acetone by means of Nessler's solution (Deniges ). 


TECHNIQUE 

In this method for the estimation of acetone one considers the time necc^^ 
sary to cause precipitation of the Nessler's solution, and the 
Avhich the reaction takes place. For accurate results the exact temper 
and time concerned are important. In this Avork temperature Avas 
controlled by' incubation of the apparatus and reagents before usnic) • 

stop Avatch Avas used to obtain the time. , solntiont 

The reagents and their amounts are as f oIIoavs : 2 e.e. of Nesslei s so 

is introduced into tn 
■ used 


South Ca''’''"'’' 


3 c.c. of unknoAvn, and 1 c.c. of dilute acid. The first is . 

inner chamber of the unit, and the latter tAVO into the outer. The aci 

•From the Department of Pharmacologj', Aledical College of State of 
Charleston. 

This -work was begun at Trinity College, Dublin. 
fAt present at Northwestern University School of Medicine. 
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to fix any amnioiiia which may be present in tiie unknown. The observed end 
point is the appearance of precipitation of the Nessler^s solution at the 
periphery of the inner eliamber in the form of threads, like spokes of a vdieel, 
or as a cloud. It is that second when the spokes or cloud extend inward 1 
mm. This end point was chosen in order to establish nniformity. To permit 
visibility, a transparent glass plate is used here instead of a ground glass one 
suggested for other methods. 



Pie. 1. 

Ihe procedure followed involved primarily tlie careful cleaning of the 
units. Careful handling i.s necessary to avoid chipping of the edges, and 
proper washing eliminates traces of acetone. Chipping spoils the apparatus, 
^or it needs to be henneticfilly sealed, and a trace of acetone would interfere 
With the end point, because of the sensitivity of the Nessler's solution. After 
washing the units in the usual way with soap and water, it was found best to 
soak them overnight in a large beaker containing weak cleaning solution, 
before using they were thoroughly rinsed in tap and distilled water, and 
(Iried after dipping in alcohol and ether. Drying is facilitated when the units 
e placed in the incubator. 

When ready for use, the units with their covers were placed on a table 
spread with black paper (a dark background helps in the reading of the end 
point), and the edges of the outer wall smeared with vaseline. Next the 
Reagents are introduced. First the central chamber received the Nessler's 
Solution, and then the acid was run in, distributing it evenly around the outer 
0 amber. The transparent glass plate was next placed to cover the entire 
except for a small slit, permitting the introduction of the end of the 
pipette used to run in the unknown. A stop watch held in one hand, and a 
pipette containing the unknown in the other, is started as soon as the pipette 
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.stops flooring freely. The hand holding the watch next slides the glass plap 
so that it completely covers the unit as an immediate ge.sture after stauiir 
the watch (Pig. 1). When the end point is reached, the stop watch is stopped 

RESULTS 

The Effect of Concentration . — To study the effect of concentration, dih- 
tioiis of “specified” acetone in distilled water were prepared and incubated at 
16° C. Time readings for these tests, as well as for the others in this paper, 
were repeated and checked by three individuals, in order to eliminate personal 
error, and to observe the influence of practice. Table I shows the average 
readings obtained using dilutions ranging from 1:100 to 1:10,000. Upon 
plotting concentration against time it was observed that a parabolie-Iike curve 
was formed. Applying the pai'abolic formula, and using an average coirstaiit, 
obtained by averaging the constants gixmiv by several diverse dilutions, com- 
pvarahle figures resulted. Substituting into the parabolic formula our letfeu, 
the formula t-/D K resulted, with t representing time, D dilution, and K 
the constant. 

Tabue I 


CIM7TIONS TIME 


(1:100 — 1% SOLUTION) (iK SECOKPS) 


1 

100 

7.0 

1 

250 

11.0 

1 

500 

14.5 

1 

750 

17.5 

1 

1,000 

20.0 

1 

2,000 

26.5 

1 

3,000 

38,0 

1 

4,000 

30.0 

1 

5,000 

42.0 

1 

0,000 

4S.0 

1 

7,000 

51.5 

1 

S,000 

54.5 

1 

0,000 

58.5 

1 

10,000 

00.0 


Table II 

TEJtPERATDRE 


DILUTIONS 12° C. 14° C, 10° c. 18° C. 


1: 100 

9 

8 

7 

5 

0 

}} 

1: 1,000 

30 

25 

20 

13 


1:10,000 

90 

75 

60 

4T 



The Jiljffccf of Tcmjicrainre. — ^To study the effect of temperature, 
of 1:100, 1:1,000, and 1:10,000 were used and incubated at a number o en^- 
peratures. Table II shows the relationship of the time factor in 
figures obtained with these dilutions at five temperature.s, two |g(jon- 
degrees apart. A study of this table indicates the regularity in the 
ship between temperature and time. This regularity ha.s been mcoip 
in the following formula, which includes concentration, temperature, am 

D = ^ dilution, t == time, and 0 = tempoiatn 
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Wic Effect of Colloids.— Ox blood and milk were used to study the effect of 
colloids. Dilutions of these fluids were made as in the above experiments, and 
tested in the same way. Proportions of acetone in them gave time readings, 
■with changes in concentration and temperature, similar to those obtained by 
the same proportions of acetone in water. 
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DISCUSSrOK 

Bach of the time values given in the tables in seconds is the average of 
six to ten readings by three observers, for which the total variation is aoi 
more than three seconds. The relative deviations natural}}* are smaller for 
the slower times. 

In Fig. 2 the average reading obtained for known dilutions rauging be- 
tween 1:100 and 1:10,000 at 16° C. are indicated by small circles near tbe 
parabola drawn for the equation t- = 0.35 D, The straight line m this figure 
shows the same relationship when the .square of time is plotted against dila- 
tion. The actual readings are similarly indicated near to the straight line. 

NOMOGRAPHIC CHART 





In order to determine whether a constant factor for temperature es 
similar graphs were made for results at temperatures irom ip 
The slopes of these lines, expressed as tangents, are given with t eir 
spending temperatures in Table m. These values also fall along a 
as shown in Fig. 3. The parabola in this figure is drawn for t ® 

^2 _ 179 tan y, and the straight line expresses the same relations ip, 
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of J' being used as ordinates. The points indicated by small circles are 
plotted for the values in Table III, of tan 7 «=« and J, equal to the dif- 

ference between 24® C. and the observed teinpcrature of the reaction. The 
combined equation, expressing the relationship between dilution ratio, time 

in seconds, and temperature in degrees Centigrade, then, is t) ^ 

(24® - ©)- 

It is evident from this equation that as the temperature approaches 24® 
C., the reaction rate becomes immeasurably fast. The temperature 20® C. is 
the highest at which, up to the present time, it luis been found possible to 
obtain concordant results. 

Table III 


e 

(PEGREES C.) 

A = 

24® - e 

A2 

TAN' y 
t2/D 

K = 

A2/TAN 7 

12® 

12® 

144 

0.81 

178 

14® 

10® 

ino 

o..ir> 

170 

1(1® 

s® 

(14 

0.0(1* 

178 

18® 

fi® 

no 

0.20 

180 

20® 

4® 

10 

ano 

178 


*The value 0.3C la the avcnigc ratio for tln>o<? longer tlian twenty seconds. 


In order to facilitate rajiid estimation of dilution ratios, a nomographic 
chart has been constructed, and is .shown in Fig. 4. A black thread or, better, 
a straight line ruled 011 a strip of transparent material may be used hi align- 
ing the eorrespoiidiiig quantities. The broken lino in tlie figure connects the 
time, 19 seconds, and the temperature, IG®, and cuts tlie D scale (dilution 
ratio) at 1,000. 

The empirical constant, 179, docs not represent a higli degree of precision, 
but it may vaiy by several units without seriously affecting the results. The 
analytical procedure, •which has been described, is suitable for the rapid 
estimation of small concentrations of acetone, and is sufficiently exact within 
the range of concentrations in which this substance is encountered in physio- 
logic materials. 

CETNICAL APPOICATION 

Fairly accurate results may be obtained by permitting the units and 
reagents to stand at room temperature, and using it in tlie proper formula or 
in the nomograpliie chart. Until this method will have received adequate 
testing by other.s, temperatures above 20® C. may not be considered practical, 
for the time factor becomes smalt, introducing greater possible error. At the 
lower temperatures the time readings from three tests may be averaged and 
considered sufficient. 

The skill necessary to establish uniformity, and to permit reasonably 
rapid results, is developed with very little practice. Once the end point is 
observed it is easily remembered, and if the precautions indicated under 
technique are carried out, no difficulty should be encountered. 

A considerable number of specimens of urine and blood, normal and 
pathologic, have been examined by this method. These tests indicate that 
Jiormal blood and urine contain free acetone in minute amounts, for precipi- 
tation of the Nessler^s solution occurred only after hours and in a very thin 
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CONCLUSIONS 

L A microdiffusion method for the estimation of acetone .vhicl. nnv be 
applied to biological fluids is described • 

.■apidySfa’cttT *» 

.» ta.v«vis;“ \i,rs's;i ssaia ssfis 
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THE USE OP HONEY AS A LEA^ULOSE TOLEKANCB TEST* 


J. B. Greco, M.D., Brazil, S. A. 


' . actent in lecent times of various specific methods for the cletenuin*'- 

tion of blood levnlose make po.ssible the study of levulose tolerance test 

im peatei accuracy than bj^ determining tlie total blood sugar as it ivas 
done before. 

Such specific methods for the determination of blood levulose are based 
on the color reactions of this sugar with diphenylamine, Ilil and Perclnnaim's 
reaction; with resorcinol, Selivanoff’s reaction; or with sodium taiiroglvco- 
cliolate, according to Scott. 

Ill 1927 Kronenberger and KadU proposed a method for blood levida®® 
determination, starting from Selivanoff's reaction. In the same year, van 
Crevel d- presented a new method, this time based on the reaction wiU 

BeIo-HSzSlite'^®B?a\T‘'"''"‘ Bioehemi.stry. School of Medicine. University of Ninas Gerais. 
liGCGivcd tox publication, Ma,rcb 3 1939 
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diphenylainiiie. This method was the object of various modifications which 
aimed to make it more aeoiiratc.^-^ 

Tlie utilization of resorcinol in the methods of blood levulose determina- 
tion has been less explored. Besides Kroiicnhcrger and Eadt, only Eoe® 
thought of this possibility. Eoc’s method,* which we had occasion to employ 
in the present irork, offers many advantages over the others, by its sim- 
plicity, rapidity, and great specificity. IVith reference to this last cited ad- 
vantage, we carried on various tests which confirmed this qnality. 

Scott’s method,* based on the color reaction with sodium tauroglyco- 
eholate, though accurate, has some serious difficulties: it requires 5 c.c. of 
blood and takes considerable time and work. 



During the exeeutioii of this present work a new modification of the 
diplienylamine method was published by Hcrbcrt,“ which eliminated many 
causes of error in the similar methods, and made this one more practical and 
specific. 

Bueta Vianna,^^ Professor of Biochemistiw at the University of Minas 
Gerais, Brazil, suggested to us the can'ying on of levulose tolerance tests but 
Mmg, instead of levulose itself, honey which contains 40 per cent of this 
glucicle.^* Prom determinations rvliich we made with honey, obtained from 
various sources, we showed that there is always present at least 40 per cent 
of levulose. 

Method— We made the tests on 10 normal persons, all students, in the 
following way : In the morning, after at least eight hours of fasting, 100 gm. 
of honey were taken (equal to 40 gm. of levulose), followed by a glass of water. 
Blood was taken before' the intake of honey, and at intervals of one, two, and 
Bu-ee hours after taking the honey. Lemlose was determined according to 
^“e’s method.* Incidentally we determined also the total blood sugar in 5 
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of our patients. The determination was made bj’ the Hagedorn-Jeuseu method. 
In these 5 cases we secured blood before the intake of honey and at the end 
of the first half hour, and the first, second, and third hours. Tlie gl.rcemic 
curve was calculated by the ditference. The results are summarized in Table I. 

Table I 


MG. PER 100 C.C. BLOOD 


SUBJECTS 

TOTAL SUGAR 

LEVULOSE 

GLUCOSE 

HOURS AFTER IXGESTIOX 

HOURS AITER INGESTION 

HOURS 

AFTER IN'GESTIOX 


0 

y-i 

1 

2 

3 

0 

Vj 

1 

o 

i%l 

3 

Hi 

% 


wm 

3 

1 

87 

119 

84 

SO 

SO 

0 

7 

8 

5.5 

2.5 

87 

112 


13.b 

77.5 

2 

87 

fini 

90 

69 

09 

0 

7.5 

8.5 

5 

3.5 

87 

102.5 

KHEI 

04 

C5.5 

3 

S5 

110 

90 

79 

70 

0 

s 

9 

5 

3 

85 

102 

87 

74 

73 

4 

92 

122 

92 

SS 

79 

0 

5 

0 

Era 

/> 

.'J 

92 

117 

SO 

84 

70 

5 

90 

140 ! 1.^0 

ss 

S4 

0 

7 

S.5 

m 

o 


1.33 

121.5 

S2 

81 


RESULTS 

In fa.st the levulose of the blood is zero; an hour later figures showing 
between 6 and 11 mg. per cent were obtained ; in tlie second hour, 4.0 and 
9.5 mg. per cent ; in the third hour, 2 and 4 mg. per cent. Table II and Fig. 
1 show all the figui-es obtained. 

Table II 


SUBJECTS 


MG. LEVULOSE PER 

100 C.C. BLOOD 



irouRS after 

INGESTION 


0 

1 

2 

3 

1 1 

0 

s 

C.o 

2.5 

2 

0 

. 8.5 

5 

3.5 

3 

0 

9 

5 

3 

4 

0 

0 

4.5 

3 

5 

0 

S.5 

0 

3 

0 

0 

7 

5 


7 

0 

11 

s 

3 

s 

0 

9 

7 ] 

3 

9 

0 

10 

9.5 


10 

1 0 

6 

4 ' 



Our values are like those of Scott. They are somewhat diffeieih 
those of Stewart and his co-worker.s^'' owing to the difference in me 
employed. They used the method of Patterson,'^ which, according to 
bert,^® furnishe.s high values in levulose, due to the interference of c 
Scott, as well as Stewart and his associates, used pure leiulo-se ni 
investigation. 

CONCLUSION 

The employment of honey (for the levulose that it contains) as a 
tolerance test, from the curves for levulose obtained and given t le 
identical with those of Scott.^^ when he used pure lemilose, suggests 
plojnnent as a liver function test, instead of the use of pure ^ 
deserves our attention at the present and whose results will be pu 
The adrmntages of the employment of houey as a levulose to 
are numerous. The greatest is its loiv price ; the quantity of honej 
is about 30 times cheaper than pure levulose (Brazil prices). 
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ill the tests made, in no case was there evidence of vomitiiijr, nausea, or diar- 
rhea, which is customary in tiic use of levnlose.*-' Tliereforc, it is customary 
to demand the very purest levulosc to avoid intestinal plienomena wliich may 
be produced by tlie presence of impurities. Honey gets around this difficulty, 
because the dose administered is quite well tolerated by the individual. 

SU JIMARY 

1. The literature was reviewed with reference to metliods of determining 
the levulose in the blood. 

2. Curves for levulosemia were obtained from 10 normal individuals after 
the intahe of honey. 

3. These findings suggest the use of honey as a levulose tolerance test for 
the examination of hepatic function. 

I to thank Prof(j.«!«ior J. Daeta YInnna fot his aUvlcf. and for th(* posslbllltv he 

granted me of accomt'UshIn? thi.s piece of woik M\ tluinks are extended to Profe.s.sor C A. 
Baker and my wife who helped mo In the translation of the text from PoJtiipuese into EnglLsh. 
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Blood Specimens and Smc(p's . — Blood was obtained by venous puncture and 
oxalated with 2 mg. potassium oxalate per cubic centimeter of blood. Smears 
were prepared at once on slides using a spreader slide made as follows: A 
block of wood about 1^2 inches thick was cut in the form of a right triangle 
4 inches on a side. A wide nolcli, parallel with the long dimension and about 
Yi inch deep, was tiicn cut in one side (the base), and a similar notch in the 
hypotenuse. Thus, when the block was placed on a flat surface and a slide 
placed in eacli notch, the two slides form a 45° angle with each other. Upon 
sliding the block along a Hat surface, the slide on the hypotenuse traverses the 
surface of the lower slide, maintaining a constant angle and constantfpressure. 
In practice, it was found desirable to hold tlic slide on tlic hypotenuse to the 
block with a rubber band. 

By means of this spreader and definite amounts of blood, it is possible to 
prepare nearly uniform smears. In the data rojmrtcd in this paper, 0.01 c.c. 
of blood was used for each jirciiaration. 

Methods of Enumeration. — Smeai’s were prepared and stained with 
Wright’s stain in the usual way. A counting eham))cr (Spencer Bright Line) 
was filled at the same time, using the diluting tluid described above. A differ- 
ential count from the counting chamber, made witli tlie high, dry lens, was com- 
pared with those obtained by the four-field meander method and by ordinary 
random selections. 

In the tables presented the “random method*’ refers to the counting of 
cells from one side of the preparation to the other and back until the required 
numbers were counted. No cell was counted twice in this Icchniquc. In the 
four-field meander method, the first 25 colls scon at each corner of the slide 
were recorded and totaled for the 100 cell count; a diffci-ont area was then 
chosen for the 200 cell count. Figures for 300 cells by this method represent 
the arithmetic mean or average of the 300 different cells. 


T.\ble I 

Data Obtained From Blodd Sample A 


N’O. 

NO. OF 
CELLS 

METHOD 

NEUTF.O- 

PHILE 

% 

.SMALL 

LYilPHO- 
CYTE % 

LAEGE 

LYilPIIO- 
CYTE % 

MONO- 

CYTE 

% 

EOSINO- 

PHILE 

% 

BASO- 

PHILS 

% 

1 

100 

Random 

Gl.O 

29.0 

7.0 

.3.0 

0.0 

0.0 

2 

100 

Random 

59.0 

.35.0 

3.0 

2.0 

n.o 

1.0 

3 

100 

Random 

00.0 

33.0 

.3.0 

.3.0 

1.0 

0.0 

4 

100 

Random 

fil.O 

33.0 

3.0 

2.0 

1.0 

0.0 

5 

100 i 

Random 

58.0 

41.0 

1.0 i 

0.0 1 

0.0 

0.0 

c 

100 

Random ' 

52 0 1 

39.0 1 

7.0 

2.0 1 

n.o 

0.0 

7 

100 

Random 

61.0 

28.0 

8.0 

2.0 

1.0 ! 

0.0 


100 

Four-field 

64.0 

31.0 

1.0 

3.0 

0.0 I 

1.0 


200 

Four-field 

60.0 

31.5 

4.5 

2.5 

1.0 ; 

0.5 


134 

Chamber 

69.7 

2G.G 

3.8 

0.0 

0.0 

0.0 


139 

Chamber 

67.8 

26.G 

3.4 

2.1 

0.0 

0.0 


Table I shows the differential enumeration for 7 random leucocyte counts 
100 cells each, two four-field meander counts comprising a total of 300 cells 
and two chamber counts of 134 and 139 cells, respectively, on blood sample A. 
Random count No. 6 was made near the outer margin of the smear. 
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TABtE II 

OK D.,ta PK0^t B,.oo., Sahpi.e A 


NO. OP 
CELLS 

~700~~~ 

JrETJIOB 

neutp.o- 

PIIILE 

% 

small 

r.YMPHO- 

OYTE % 

LAaGB~ 
LVMPIIO- 
OYTK ry. 

•MOYO- ~ 
eVTE 

% 

EOSIXO- 
, rniLF, 
% 

700 

100 

200 

300 

273 

Uantiom average 
Bamloui median 
Four-field average I 

Four-field average 
Four-field average | 

Chamher j 

58.5 
(10.0 j 

' <54.0 

«0.0' 
01..3 

05.5 

.34,0 

.3.1,0 

1 ,n.o 

.11.5 

.11,.1 

20.6 

4.0 

1.0 
.1.0 

4.5 

3.3 

M.fi 

2,0 

2.0 

.1.0 

O K 

_1.0 

0.5 
i 0,0 

0.0 
! J.o 

0.0 

0.0 



taken two nt a timr^Th ^ ~ I'^atlom counts of 100 cells, 

th» av..,™ . ., L ; ? '■»'“« «>'»« «mW,.all 


the avo-agc v.Incs f„r,l; “k"'"" «™biMllora, toseffe. .ill 

3 at a ,i,„. .... ! e»"'W>talio.» ot tl.aae 


3 at a time, are aiiem, in‘TaWc'nT''''Iir,mr’'“''°“ ‘1’“' 

oant figures. ' values are stated m terms of signiH- 


eells an^aifpotilfij eomhT^f 

foi’ neutropliiles small random method 


S.D 


-4 


n 


and n is the mmSr of Valuer’'- fi'O'n tbc arithmetic mm 


the formula 


Tire pi'obabic error (P.E.) is computed from 


P.E. 


0.67449 S.D. 

probable JL'’ as 

necessary to count 100 Jit <^ells connted increases but that tf »’ 

by counting 100 cells ^ values obfaitted 

centao'e of Table TI show.s that the neutropliile per- 

random 100 eLdl^Lm^ but'^ p'i If 

one S D i e TQ or ^ from the mean is greater than 

better aeeurJcy. ^ Ijf ^cT'^ I'andom 100 cell counts should show as good or 
10 UPT PP 7 U -(1 • ' tfreat as 5 ])er cent siiould occur onl.v about 

of random eounti mclieatmg that this count is not as good as 90 per cent 


. 7 four-field method, a de\-iatioii of 1-3 fw 

1 u es, as compared with the standard deviation of 1.9 and the probable 

k _ It . - _ 


1 o 7 “ ^lanoain deviation ot 1.9 am. , 

. 01 random 200 cell counts, indicates that about 50 per cent of all 

random counts should show the same acenraev. 
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Tabu. Ill 


AMTAOK VAHTS FOli Aix COMIHNATtOXS OF 200 AM» ^500 LEHCiX YTFS UY THK HANDOM METII0I> 


RAXnnil COUNT 
NUMBER 

NEVTROI'ini.E 

% 

1 SMAM. 

r.YMl'UO- 

CYTU 

i.vnuK 

l.\ MFIIO- 

<’VTE 9J- 

»|OX«CVTK 

7c 

EOSIXOrillM 

% 

: BVSOl’lIILK 

7c 

1, 2 

(H).O 

32.0 

0.0 

2.0 

n.o 

0.5 

1 , n 

(iU.O 

31.0 

.1.0 

3.0 

0.0 

0.0 

1. 4 

01.0 

3i.n 

0.0 

1 2.0 

O.o 

0.0 

5 

riju.") 

3.1.0 

4 t) 

1 1.0 

0.0 

0.0 

1, r> 

oC...” 

34.0 

I 7.0 


o.n 

o.n 

h 7 

o].n 

2S.5 

i.‘f 

< 2.0 

0.0 

n.o 

2, 

."Sl.o 

.34.0 

3.0 

1 2.0 

n.o 

0.5 

2. 4 

(io.n 

34.0 

3.0 

' 2.0 

n.o 

0.5 

2, 5 

oS..*) 

.38.0 

2 H 

1,0 

o.n 

0.5 

2, (i 

•)•).:) 

,37.0 

O.n 

2.«^ 

0.0 

0.5 

2, 7 1 

c.o.n 

31..1 

.1.0 

2.0 

0.0 

0.5 

4 

00.5 

■i.l.O 

3.0 

2..1 

1.0 

0.0 

n. 5 

uO.O 

37.0 

1 2 C» 

1.0 

n.o 

n.o 

n, 0 

.10.0 

.30.0 

1 0.0 

1 2..1 

0.5 

n.o 

•s 7 

on..') 

30..1 



1.0 

0.0 

4, 0 

.19.3 

37.0 

1 2.0 

1.0 

0.0 

n.o 

4, 0 

.1(i..1 

30,0 

.1.0 

2.0 

0.0 

n.o 

4, 7 

01.0 

30.0 

0.0 

1 20 

1 0 

0.0 

5, fi 


40.0 

4.0 

! i.o 

(fO 

0.0 

5, 7 

o9..1 

34.5 ! 

4.0 

' 1.0 j 

0.5 

0.0 

(‘U 7 

Oli.O 

33..1 

«..» 


0 0 

0.0 

^ 2, ?, 

00.0 

«•■> ^ 

4.3 

1 

0.3 

0.3 

1. 2, 4 

00.3 

3^3 

4 3 

1 2..3 

o.;i 

().•> 

1, 2, 5 

39.0 

3.0.0 

3.7 

i 

0.0 

0.3 

1, 2, 0 

.17.3 

i .34.3 

0.7 


0 0 

0.3 

1. 2, 7 

1 on.n 

.30.7 

0.0 

I 2.3. 

().:) 

0.3 

1, :i, J 

00.7 

31.7 

4.3 

' 2.7 

0 7 

n.o 

1, 3, D 

.19.7 

34..3 

3 7 ' 

2.0 

0.3 

0.0 

1, 3, ci 


33.7 

0.7 

2.7 

0 3 

0.0 

7 

00.7 

30.0 

0.0 

2.7 

0.7 

0.0 

4j i> 

00.0 

34..7 

3.7 

J.7 

0.? 

0.0 

1, 4, 0 

08.0 

33.7 

•).7 

2.3 

0 

0.0 

1, 4, 7 

01.0 

1 30.0 

1 0.0 


0.7 

1 o.n 

1, 5, 0 

1 .17.0 

1 .30.3 

1 0.0 

3.7 1 

n n 

i n.o 

1, 5, 7 

00.0 

32.7 

0.3 

3.7 

()..■! 

0.0 

4. 0, 7 

os.o 

32.0 

j 7,3 

2.3 

0.3 

0.0 

2, 3, 4 

oo.n 

i 33.7 

3.0 

2.3 

0.7 

0.3 


.19.0 

! 30.3 

•) ;; 

3.7 

0 .3 

0.3 

2, 3, fi 

.17.0 

30.7 

4.3 

2.3 

0.3 

0.3 

2, 3, 7 

00.0 

32.0 

4.7 

1 2.3 

0.7 

0.3 

2, 4, 5 

09..1 


2.3 

1.3 

0.3 

0.3 

2, 4, (5 

■17.3 

30.7 

4.3 

2.0 

0.3 

0.3 

2, 4, 7 

00.3 

.32.0 

4.7 

2.0 

0.7 

0.3 

2, 5, () 

' 5o.:j 

.3S..3 

3.7 

J.3 

0.0 

0.3 

2, 5, 7 

09.3 

34.7 

4.0 

1.3 

0.3 

0.3 

4, 5 

09.7 


O o 

1.7 

0.7 

0.0 

3, 4 , () 

57.7 

30.0 

4.3 

2.3 

0.7 

0.0 


<)0.7 

31.3 

4.7 

2.3 

1.0 

0.0 

3, 0, 0 

.10.7 

37 7 


2.7 

0.3 

0.0 

■'» !>, 7 

09.7 

.34.0 

4.0 

3.7 

0.7 

0.0 


57.7 


0.0 

2.3 

0.7 

0.0 

4, 5, () 

07.0 


■> 7 

3.3 

0.3 

0.0 

4j 5, 7 

(iO.O 

34.0 

4.0 

1.3 

0.7 

0,0 


58.0 

33.3 

0.0 

2.0 

0.7 

0.0 

5t 0, 7 

57.0 

30.0 

0.3 

1.3 

0.3 

0.0 
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Table IV 

Suu^ unv or Kanikim Counte V„o,i Bloou Sample a 


W. OF CELLS m 
COMBINATION 

Too 

j Ki: 

j range 
% 

OTROPHI] 

S.D. 

LES 

P.E. ; 

j .SJIALl" 
RANGE 
% 

- EYJIPIIi 

S.D. 

^CYTES 

P.E. . 

LARGE 

RANGE 

% 

‘ Ly.Mpijf 

S.D. 

?m5~ 

P.E. 

200 

m 

y.u 

6.0 

4.4 

1 3.0 1 

1.9 

1.4 

2.0 

1 1.3 

1.0 

1 13.0 j 
12.5 
S.S 

4.4 

2.9 

2.1 

1 3.0 

1 1.9 

1.4 

7.0 ■ 

6.0 

5.0 

2.5 

l.t) j 
1.2 

17 

1.1 

0.8 


ca.r^ OY. ^ 

not only Jutsil counting chamber method is 

deviation to the cst-io all Tandom cell counts hut since the ratio of ilie 

thi odds a.aLi T. approximately 5, 

10« to 1« '"it ma \ f deviation in random couutiug are at least 1.7 x 

tmZel 'and Tmod , that the sum of iieu- 

random conn t <3 t) • approximates a similar summation from 

trTbutSn “i<3matog mistaken identification rather than improper dis- 

700 wlkt!n of the median and mean in Table 11 would indicate that 

Tan t 1 , ® f of the slide and that the arithmetic 

mean IS, therefore, close to the true value. 

thot margin of the smear, does not indicate 

that lai^e cells tend to aeenmulate near the margins. 

eneP u,,^ f differential enumeration of 10 random counts of 100 cells 

eb'.rt^LA,.' ^ meander counts comprising a total of 300 cells and one 

mnde a+ Il^ndom count No. 10 was 

mcrKnn oiaigin of the smeai\ For eonxmiiienee in comparison, averages and 

■^T-T- 5 to^o^rped in Table VI, and a statistical summaiy is shown in Table 

^ preparation of Table VII, 45 iiossible combinations of the 10 
. rf ^ were averaged as were 120 possible combina- 

j m counts taken tliree at a time. Calculations were made as 

explained for Tables III and IV. 


Table V 

Data Obtained Proji Blood Sample B 


NO. 

NO. OF 
CELLS 

method 

NEUTRO- 

PIIILE 

% 

SMALL 
LVJIPHO' 
eVTE % 

LARGE 

LY'arpiro- 
'TTE % 

MONO- 

CYTE 

EOSINO- 

PHILE 

% 

SASD- 

PHIIE 

2 

3 

4 

5 

C 

7 

8 

9 

10 

11 

12 

13 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

200 

189 

Kandom 

Band OKI 

Kandom 

Random 

Random 

Random 

Random 

Random 

Random 

Random 

Pour-field 

Pour-Held 

CJiamber 

50.0 

32.0 

59.0 

59.0 

54.0 

58.0 

48.0 

48.0 

50.0 

35.0 

63.0 

49.0 
50.5 

33.0 

47.0 

35.0 

38.0 

40.0 

41.0 

49.0 

48.0 

48.0 

61.0 
34.0 

48.5 

30.6 

5.0 

1.0 

2.0 

3.0 

5.0 

1.0 

2.0 

2.0 

2.0 

1.0 

0.0 j 
1.0 

4.S i 

2.0 

0.0 

1.0 

0.0 

1.0 

0.0 

1.0 

2.0 

0.0 

3.0 

3.0 

1.0 

2.2 

i.o 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

0.0 

1.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
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Table VI 


CosirAUisoN' or Data From Blood S.vitpLE B 


xo. or 

CELLS 

SIETnOD 

nectro- 

PIIILE 

% 

SMALL 

LYXfPIIO- 

CYTE 

% 

L.ARGE 

LYMPHO- 
CYTE ^ 

MONO- 

CYTE 

% 

EOSIXO- 

PHILE 

% 

BASO- 

PIIILE 

% 

1000 

Pandom average 

5i.a 

44.5 

2.4 

1.0 

0.1 

0.1 

1000 

Random median 

53.0 

44.0 

2.0 

1.0 

0.0 

0.0 

100 

Four-field 

0.3.0 

34.0 

0.0 

.3.0 

0.0 

0.0 

200 

Four-field 

40.0 

48.5 

1.0 

1.0 

0.5 

0.0 

300 

Four-field 

5:>.7 

13.7 

0.7 

1.7 

0.7 

0.0 

180 

Chamber 


30 0 

4.8 

2.2 

0.0 

0.0 


Table VII 

Statistical SuM>rARY or Baxdom Counts From Blood SAiiptE B 


xo. OF CELLS IX ^ 
COllBIXATlOX 

1 XEUTROPHILES | 

1 SilALl. LYilPlIOCYTES | 

LARGE 

LY.MP1IOCYTES 

RANGE 

% 

S.D. 

P.E. 

! S.D. 

i P.E. 

RANGE ' 

9c 

S.D. 

1 P.E. 

100 

24.0 : 

G.9 

4.0 

2G.0 1 7..: 

1 4.9 

4.0 

1.4 

1 1.0 

200 

17.0 

•1.(1 

3.1 

19.0 1 5.0 

j 

4.0 1 

1.0 

1 0.6 

300 

15.0 ! 

3.0 

2.3 

lo.7 .3.7 

i 2.5 

3.3 1 

: 0.7 

0.5 


It is apparent from Tabic \''II that the range, standard deviation, and 
probable error are inversely proportional to the number of cells counted, al- 
though the values show mucli greater deviation than tlio.so from blood sample A, 
In order to lialve tlie prol)ablc error of this 100 cell count it is necessary to count 
300 cells. 

Table VI shows that in the case of neutrophilcs. tlie four-field metliod differs 
from the mean by 11.1 per cent for 100 cells and by 2.9 ])cr cent for the 200 
cell count. Tlie ratio of the deviation to the probable error indicates that a 
deviation this great should occur only 11 per cent of the time by random count- 
ing, while the deviation of the 200 cell count by tlie four-field method is well 
'vithin the limits of tlie jirobalile error, i.c., this count exceeds 50 per cent of all 
random counts in accuracy. 

The chamber method shows a deviation from the mean of 4.6 per cent for 
nearly 200 cells counted and thus is just within the value of S.D. for 200 cells 
by the random metliod, i.e., it is as good as about 68.23 jier cent of all random 
counts of 200 cells. 

Close agreement between median and mean again indicates that the mean 
probably near the true value. 

Random count No. 10, made at the margin of the smear, does not indicate 
that large cells tend to accumulate near the margins. This is in accordance with 
the finding in blood sample A. 

Tables VIII, XI, and X show data obtained and calculated exactly as for 
Tables V, VI, and VII, except that a third blood sample (sample C) was used. 
Random count No. 10 was made at the margin of the smear. 

The data contained in Tables VIII, IX, and X show that in this case the 
standard deviation, and probable error again decrease as the number of 
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Table VIII 

Data Obtained From Blood Sample C 


NO. 

NO. OF 

cells 

METHOD 

NEUTUO- 

PHILE 

7o 

SMALL 

LYStPHO- 
OYTE % 

large 

LYMPHO- 
CYTE % 

MONO- 

CYTE 

% 

EOStXO- 

PIULE 

% 

E.ISO- 

rum 

7c 

1 

100 

Random 

42.0 

50.0 

7.0 

1.0 

0.0 


2 

100 

Random 

.39.0 

57.0 

4.0 

0.0 

0.0 

By 

o 

o 

100 

Random 

51.0 

45.0 


0.0 

0.0 

By 

4 

100 

Random 

53.0 

44.0 


1.0 

0.0 

By 

5 

100 

Random 

48.0 

49.0 


1.0 

0.0 

0.0 

0 

100 

Random 

51.0 

45.0 


1.0 


0.0 

7 

100 

Random 

47.0 

52.0 


0.0 


nin 

8 

ion 

Random 

4S.0 

•45.0 

G.O 

1.0 


0.0 

9 

100 

Random 

47.0 

51.0 

2.0 

0.0 



10 

100 

Random 

55.0 

42.0 

3.0 

0.0 

0.0 


11 

100 

Four-field 

43.0 

53.0 

2.0 

2.0 


0.0 

12 

200 

Four-field 

51.0 

48.0 

1.0 

0.0 

0.0 

■El 

13 

122 

Clianibcr 

54.0 

40.5 

5.1 

0.0 

0.0 

0.0 

14 

I2G 

Chamber 

52.0 

4G.2 

1.5 

0.0 

0.0 

0.0 


Table IX 


Compahlsox of Data From Blood Sample C 


NO. OF 
CELLS 

METHOD 

NEUTPvO- 

PIIILE 

% 

SMALI. 

LYMPHO- 
CYTE % 

L.inOE 
LYMPHO- 
CYTE % 

JIONO- 

eVTE 

% 

EOSINO- 

PHILE 

% 

B-ISO- 

PHILE 

7 

1000 

Random average 

48.1 

48.0 

3.4 

0.5 



1000 

Random median 

48.0 

47.0 

3.0 

0.5 

^B^y 


100 

Four-field 

43.0 

53.0 

2.0 

2.0 



200 

Four-field 

51.0 

48.0 

1.0 

0.0 



300 

Four-field 

48.3 

49.7 

1.3 

0.0 



248 

Clianiber 

53.0 

43.4 

o O 

t).t) 

0.0 




Table X 


Statistu'ai. Summary of Random Counts From Blood Sample C 


NO. OF CELLS IN 
COMBINATION 

NEUTnOPlIILES 

i SMALL LYMPIIOCY'TES 

1 LARGE LYMPnO 

111 

BANGE 

% 

S.D. 

1 P.E. 

RANGE 

% 

S.D. 

! 

P.K. 

RANGE ! 

% i 

S.I>. 

"iX' 

1.2 

0.9 

r.E. 

1.2 

1.0 

O.C 

100 

200 

300 

13.0 

12.5 

10.3 

4.0 

3.0 

2.3 

3.1 

2.0 

l.G 

15.0 

11.5 

9.G 

4.4 

2.9 

0.0 

2.9 

2.0 

1.5 

G.O 

5.0 

4.0 


cells counted increases. Likewise, it is necessary to count 300 cells in 
approximately halve the value of S.D, obtained for 100 cell counts } 
random method. ^ 

The deviation of the 100 cell count for the four-field method js 
neutrophiles and a deviation this great should occur in only about 
of random 100 cell counts. 

In the 200 cell count by the four-field method, neutrophiles dei iate 2 . 
the mean, a deviation Avhich should occur in only about 34.5 pel ce 
random 200 cell counts. 

In the chamber counts, the average A'alue shows a deviation o 
neutrophiles from the mean, and only about 10 per cent of 200 cell coi 
the random method should show this great a deviation. 
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Tahle XT 

Data Oi5T\in*ei> From Buion Sample D 


NO. 

NO. OF 

CELT.S 

method 

neutro- 

PHILE 

% 

small 
LYMPHO- 
CYTE % 

LAROK 

LYMPnO- 
C'YTE % 

MONO- 

CYTE 

% 

EOSINO- 1 
I'HII.E 

% 

BASO- 

PIIILE 

% 

] 

100 

Random 

(»3.0 

2S.0 

5,0 

3.0 

1.0 

0.0 

2 

: 100 

Random 

1 50.0 

.34.0 

3.0 

3.0 

1.0 

0.0 

n 

100 

Random 

fifi.O 

.31.0 

3.0 1 

n.o 

n.o 

0.0 

4 

100 

Random 

(lO.O 

.32.0 

8.0 ' 

o.n 

o.n 

, 0.0 

3 

ion 

Random 

01.0 

32.0 

5.0 I 

2.0 

0.0 

0.0 

(') 

ion 

Random 

58.0 

37.0 

4.0 ; 

1.0 

o.n 

0.0 

7 

mo 

Random 

55.0 

43.0 

1.0 

1.0 1 

o.n 

0.0 

S 

ion 

Random 

50.0 

41.0 

1.0 

2.0 

n.o ; 

0.0 

1 

100 1 

Random 

50.0 

44.0 

4.0 1 

i.n 

I.n 

0.0 

10 

mo 

Random 

52.0 

41.0 

;;,o 1 

3.0 

0.0 

o.n 

11 

mo ! 

Four-field 

(55.0 

32 0 

2.0 1 

1.0 

0.0 

0.0 

12 

200 

Four-field 

5R.5 

38.5 

1.5 

1.5 

0 0 

0.0 

13 

105 

Chamber 

58..3 

38.5 

3.1 

n.o 

0 (1 

0.0 

14 

202 

Chamber 

(14.4 

34.0 ' 

0,8 

0.0 

l>.0 

0.0 


Tarle XII 


Co'd'ARisov or I)\ta From Bhkh* Svmpik D 


NO. OF 
CELLS 

METHOD 

NEUTRO- 

riiiLE 

% 

SilALL 
LY.MPItO- 
CYTE </c 

LARGE 

LYMPHO- 
CYTE </c 

•MONO- 

CYTE 

% 

EOSINO- 

PIIILE 

% 

BASO- 

PHILE 

% 

3,000 

Random average 

5S.1 

30..*; 


i.ii 


0.0 

mmsm 

Random median 

58.5 

35.0 

3. .5 

1.5 

n.o 

0.0 

100 

Pour-field 

05.0 


2.0 

1.0 

n.o 



Pour-field 

58.5 

3S.5 

1.5 

1.5 

0.0 

0.0 


Pour-field 

00.7 

.35.3 

1.7 

1.7 

o.n 


397 

Chamber 

01.3 

30.7 

1.9 


0.0 



Table XIII 


Statistical Summary or Raxi*om Counts From Br.ooi) Sample D 


NO. OF CELLS IN 
COMBINATION 

i NEUTROPHILES | 

SMALL 

LYMPHOCYTES | 

LARGE 

LYMPHOCYTES 

RANGE 

% 

S.D. 

P.E. 

RANGE 

% 

S.D. 

P.E. 

R.VNGE i 

7o 

S.D. 

P.E. 

100 

16.0 

4.5 

3.2 

16.0 

5.4 

3.6 

7.0 

2.0 1 

1.3 

200 

13.0 

3.1 

2.1 

14.0 

3.G 

2.4 

b.o 

1.3 ! 

0.9 

300 

lO.G 

2.3 

1.6 

12.4 

2.7 

1.8 

4.3 

1.0 ' 

0.7 


The close agreement lietween median and mean would indicate that the 
arithmetic mean closely approaches the tine value. 

In this instance, a random count near the margin of the smear indicates the 
accumulation of neutrophiles near the margin. 

Tables XI, XII, and XIII show data obtained and calculated exactly as for 
Tables V, VI, and VII, except that a different blood sample (sample D) was 
iiaecl. Eandom counts Nos. 2 and 3 were made at the margin of the smear. 

The data contained in Tables XI, XII, and XIII show that the range, 
standard deviation, and probable error vary inversely with the number of cells 
counted for random counts. In order to approximately halve the value of P.E. 
far 100 cell counts, it is necc.ssary to count 300 cells. 






4Q9 

OP OABOPATOPV AM 

The MO eel. ,„„...ao.a count fo. 

the 200 cell count by this method deviriefoT »*' >«i 

(6 9 I"' “'I “otmts shorn r‘* ““ «' 

iu4‘hiS"' tve,. , -s 

300 cdk '■n” "• .. 

conn s shonM e«eeded'tbis eC i? f “ «' “« «f 

large cells at the maegi,, „f tL'smotVhMh ^^stnmT 

OlSCUSfe'IOX OP WhSULTS 

are oceraged and eompareTwUh 'uf "'** ®> H. ““1 0 

of 1.000 cells, and the total tldtc bM reO I"', 

are obtained. ^ count, tbe data sboMU in Table XIV 

T.\BaE XIV 


SAilPLE 

A 

B 

G 

D 


ytEAx 1,000 
CELLS 

51.0 

48.1 

58.1 


1 UJFFERENCE 

I FRO.Ar 

mewax 

ilEA.V 700 
cells 

I difference 

FRO.V 

ilEDfAN 

I.l 

0.1 

0.4 

Ssis 

55.1 

4r..S ; 

eo.4 I 

1.2 

2.1 

0.7 

2.3 1 


TOTAL imo- 

CTTE coror 

PER C.1I.«. 


5,825 

0,456 

6,200 

S,.025 


sent the true values- t), ” 1,000 cell values to repre- 

accuracy, it is alsn'ot-n colls is not sufficient for absolute 

deviation of values h 4 ^dgher the total count, the greater the 

No a- - ■ enumeration of 700 cells. 

in preponderaziee 116^1 - samples a.s to the types of colls fonnd 
do seem to deviate to <)• • smear. Counts made near the roargins 

the smear. ^ ^icatei degree, however, than those nearer tiie center of 

tandard de^iatt^r!!-?,, ' 


errors 


or standard deviatiniK, n,. ^ ^o"^’-held meander eoimts to the probable £ 

similar deviation i,, a ^ caicnlate the probability of oeein-rencc oi s 

percentage of 2 I "*”' "f eells.' - ’ 
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wide (livcrgoiico of samples C and D, Iiowpvcr, indicate that this statement 
should be verified by further data. 

In fonr-ticld counts of 300 cells, about 00 per cent of random counts sbould 
show greater accuracy and, moreover, the wide divergence of results in the four- 
field method both with each other and with the values from 200 coll counts 
would indicate that the sampling is far from satisfactory. 

T.\bi.e XV 


SAMPLE 

100 CELL 
FOUn-FIELD 

DEVIATION 

APPROX. % OF 
R.VNDOM 100 CELL 
COUNTS EXPECTED 
TO SirOAV THIS 
GRE.VT A 
DEVIATION 

200 CELL 
FOUR-FIELD 
DEVIATION 

APPROX. % OF 
R.\NDO>t 200 CELL 
COUNTS EXPECTED 

TO snow THIS 

CRE.\T A 

DEVI ATION 

300 CELL 1 
FOUR-FIELD 

DEVIATION 

APPPvOX. % OP 
RANDOM 300 
CELL COUNTS 
EXPECTED TO 
SHOW THIS 

GREAT A 

DEVIATION 

A 

1 5.2 

0 

1.2 

50 

2.5 

10 

B 

11.1 

11 

2.9 

50 

1.8 

38 

C 

1 5.1 

27 

2.9 

31 j 

0.2 

100 

D 

1 G.9 

> 

1 0.4 

99 1 

' 2.0 

\ 28 


Thus, lack of suffioicut data prevents the drawing of final conclusions as to the 
reliability of 200 and 300 cel! counts by the four-field method, but it is probable 
that the data shown indicate definitely the unreliability of the method. 

Deviations of counting chamber values from the true mean arc so great 
as to make this tcchnif(ue as oittlined in this pniicr valueless. However, it is 
possible tliat a similar tcclini(|uc, using greater magnification, would lessen the 
deviation. 

A comparison of standard deviations for neutroiibiles for 100, 200, and 300 
cell counts and total leucocyte count is sliowm in Talile XVI 


TAm.n XVI 


SVMPLE 

LEUCOCYTES 

PER C.MXI. 

.S.D. 100 

CELLS 

S.D. 200 

CELLS 

S.D. 300 

CELLS 

A 

G,S2o 

3.0 

1.9 

1.4 

B 

9,540 

(5.9 

4.G 

3.5 

c 

0,200 

4.0 

3.0 

2.3 

B 

9,925 

4.5 

3.1 

2.3 


Apparently there is no connection between total leucocyte count and the 
standard deviation in these cases. Thus, it would seem that 100 cell counts 
would be as accurate for high total leucocj’te counts as for low. Here, again, 
however, insufficient data do not permit definite conclusions to be drawn. 

From the data shown, it would seem that 300 cells should be counted in 
smears prepared ns outlined in order to obtain a reasonable degree of accuracy. 

CONCLUSIONS 

!• In smears prepared as outlined, the enumeration of 700 to 1,000 cells 
gives nearly true values for the differential count by the random method. 

2. Pour-field meander counting is inferior to random counting on the basis 
of 100 cell counts and does not seem to be a satisfactory sampling procedure for 
200 or 300 cell counts. 
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3. Differential counting from the counting chamber by the technique out- 
lined seems to be an inaccurate procedure. 

4. In order to reduce deviations to reasonable minima, 300 cells l)j- the 
random metliod should be counted. 

5. Further work to determine the effect of the total leucocyte count upon 
the probable error and standard deviation and the reliability of the 200 and 300 
cell four-field method is desirable. 


.SUaiMARY 


A statistical evaluation of certain techniques of differential leucocyte 
enumeration has been made. Random counting on uniform smears is shown to 
be at least as accurate as four-field counts of 200 and 300 cells, and more 
accurate than 100 cell counts by the latter method. 

It is shown that reasonable accuracy can be obtained by random counting of 
300 cells in most instances and that the counting chamber technique ot differ- 
ential enumeration as described is valueless. 


The author extends thanks to J. Wlldey Morrison, tcclmiclan, Southwestern 
Department of Student Healtli. for the prcpar,-rtIon and enumeration of the blood samples vpo 
which tills paper is ha.sod. 
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JIODIFIKD TECIINIQUK FOR STAININCi CAPSULES OF 
IIEIIOPIIILUS PERTUSSIS* 


George McL. Lawson*, M.D., Du.P.II., Ciiaulottesville, Va. 


I N 1905, Wherry* clcscril3cd the use of Wright s stain iii demonstrating a pre- 
viously iindescribed cai>sule surrounding Pastcurelhi pcstis and Pasteurella 
hoviscptica. Smeai's made from yoinig cultures of tlicsc organisms showed dis- 
tinct capsules when stained by his method, hut direct smears from animal lesions 
failed to reveal this structiirc. Churchman and Emenianofi;,- evidently un- 
aware of the i)revious work of Wlierry on this subject, redcseribed tlic method 
and its application to the demonstration of capsules and applied this teelinique 
to numerous organisms. 

In 1931 an tattempt'"* was made to apply this method to JI. pertmsifi. Small 
areas in slides so stained sliowed grayish amorphous substance surrounding the 
bacterial cell. In an endeavor to bring out this structure, I liad recourse to 
several modifications of the tcchnifiuc and was able to demonstrate a capsulc- 
like substance by the following technique: 

The growth of Jl. pertussis on Bordet medium is taken up on a plat- 
inum loop or a dry sterile tliroat swab and smeared in a thin film on 
the surface of a scrupulously dean slide. No diluent of any sort is 
used. The films arc dried in air, fixed with absolute methyl alcohol for 
one minute, and tlic slide then covered with 10 to 20 drops of a staining 
solution composed of two i)arts Wright’s stain and one part glycerin, 
fre.shly made and well mixed. This is allowed to remain for two min- 
utes in contact with the smear, and 20 to 30 drops of distilled water 
are then added and mixed with the stain by the use of a capillary 
pipette. The smear is stained for ton to twenty minutes, rinsed, 
dried, and examined. 

Capsules could not be demonstrated when saline solution or water were 
used as emulsifying agents. The use of unmodified AVright s stain frequently 
gave good results, but not so consistently as the method described. Giemsa s 
stain, which contains glycerin and is similar in its composition to the author s 
modified stain, failed to demonstrate capsules. Freshly mixed glycerin and 
Wright’s stain appeared to be indispensable in bringing out this structure. 

The best results were obtained by using very young cultures of smooth 
organisms (phase 1), although dissociated organisms (phases 3 and 4) also 
possess capsules. As with all capsule stains, the results on any given slide 
were not uniform throughout, and only occasional areas in the stained prep- 
aration showed the capsule to good advantage. Usually where the smear was 
thinnest and the polychrome effect of the stain most noticeable, excellent cap- 
sules were seen. Promising areas, pink in color under the low-power objective, 
Were first found, and these areas were examined with an oil-immersion objective. 

•From the Department of Meillcine, University of Virginia, Charlottesville. 

Received for publication. May 1J>, 193D. 
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The foi'egoing teclinique has been used by numerous workei-s, and its cfc 
tiveness in demonstrating capsules of H. pcrtnssis lias been confirmed by Shiblcv 
and Hoelseher,'* Evans and Maitland, “ and others.® 

I have never been completely satisfied with this stain and liave recently 
re-exammed the problem with the idea in view of producing more nnifom 
results. Smith’s" stain has given very excellent results in demonstrating cap- 
sules of practically all organisms in wliich this structure can be sliomi by otlier 
methods. Tiiis stain, however, failed to show any capsular material sniTomid- 
ing H. pcrt'iissis. It was tliought, however, that a combination of the tedmique 
of fixation used by Smith and my modification of the Wright stain might he 
productive of results. This was found to be true, and a slightly modified stain, 
which has given excellent results, is here described. 

Dry smears are made on the slide as in the previous method. These 
are allowed to dry in air and then covered with a 5 per cent aqueous 
solution of phosphomolybdic acid. This is allowed to remain in con- 
tact with the smear for thirty seconds and washed off completely in 
running water and then washed with methyl alcohol. The staining 
procedure is thereafter the same as in the first method. 

By the use of this stain it was possible to demonstrate capsular material 
in much more extensive areas than with the first method. Due to the acid 
fixation, the tinctorial results were somcAvhat different. Capsular material was 
light sky-blue color, and the organisms themselves were dark blue when crowded, 
and magenta to red when lying in thin areas on the slide. Only in the lattei 
situation were capsules stained to best advantage. Both AYright's stain am 
Giemsa’s stain could frequently be employed witli good results following this 
fixation, but the best results wei'e still obtained by the use of the tcelmiqua 
previously given. 

During the course of recent experiments undertaken in the hope of incieas 
ing the virulence of H. pcrtnssis for mice, I had occasion to utilize a Bor e 
Gengou base medium with additions of mucin. Several strains of//- 
gi’own on this medium showed considerably increased virulence for mke w en 
instilled into the nares according to tlic technique of Burnet and Timmins 
or into the larynx by the method I Jmvc recently described.® 

It was also discovered that II. jicrhissis, when gi’ovm on tliis 
showed capsules which were laL'gcr and more constant throughout all fie s 
with any cultures wliich had been examined iireviously. 

The technique of preparing this medium is as follows; 

To the Bordet-Gengou medium, as modified by Kendrick, JlilkL 
and Lawson,^® mucin* is added to make from 5 per cent to 8 pei cen 
of the final volume. The mucin is best dissolved by grinding tbe 
ular mucin to a fine powder in a mortar and gradually adding 
water, constantly grinding tlie i-esulting sticky mixture un1.il 
a homogeneous state and the consistency of thick cream. The is i 
water used in dissolving the mucin is snhtracted from that nsec m ^ 
agar-salt mixture, and the agar and salt are dissolved in the remain e ^ 

^Wilson Laboratories Granular Mucin Type ITOl-tV was used tiuoupho”! 
ments. 



sule Xlf' Capsule stain, original method, rough c^tu^re (phase 

modlflitlV' modification, smooth culture (phase 

dlncatlon, mucin grown smooth culture (phase 1) (X -400). 


4) (X 3o00). B. Cap- 
Capsule stain, second 
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The two solutions are then mixed and added to the potato-glycerin 
extract. The resulting medium is dispensed in flasks in convenient 
volume and sterilized in the autoclave for twenty minutes at 15 pounds 
pressure. To the above base, when cooled to 45° C., sterile blood is 
added to make a 15 per cent to 20 per cent concentration. Rabbit 
blood was used in the expei-iments outlined, but other blood— sheep, 
horse, and human — has also been used successfully. Plates arc poured 
and allowed to solidify. 

The final consistency of this medium is so soft that it cannot be inoc- 
ulated satisfactorily with a platinum loop. A sterile throat swab 
used instead of the loop, seeded with II. 3jcrfi(,s.sis and drawn very 
lightly over the surface of the medium, inoculates the plate satisfac- 
torily. A similar sterile swab is used to transfer the growth obtained 
after from twenty-four to forty-eight hours’ incubation at 37° C. to 
clean dry slides, making thin smears w'hich arc air dried, fixed in 
absolute methyl alcohol, and then stained with my glyccrin-Wright 
stain mixture. 

The results of this technique are so far superior to those obtained by the 
two methods previously outlined that the method is recommended to all in- 
vestigators who are engaged in research on II. pcrUisnix. 

SUMMARY 

Two modifications of my original stain for capsules of II. pertusm are 
described, one relying on fixation of the smear with phosphomolybdic aci 
prior to the use of the stain; the second dependent upon the growth o 
pertussis on a Bordet-Gengou base containing mucin. This latter pioce uie 
seems to increase the virulence of II. pertussis for mice as well as furnisnUc a 
growth showing capsules to their best advantage. 
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BILE, Bilirubin and Urobilin Content of, Obtained by Duodenal Drainage, Royer, M. 

Arch. Int. Med. 64: 44.’), lO.'iO. 

The concentrations of l>ilirul)in nnd urobilin are lii{;hcr in B bile than in A bile. 

The increase in concentration of urobilin is normally lower than that of the bilirubin. 
This is due to the fact that only a small amount of bilirubin is absorbed by the wall of 
the gall bladder, while urobilin is absorbed in surprisingly large amounts. 

In a certain number of cases of cholecystitis (41.4 pei cent of author’s cases) the pro- 
duction of urobilin in the gall bladder ean be observed Tins fact e-vplains uliy tlie ratio of 
increase of bilirubin to increase of urobilin is lower than the normal ratio. Data in this 
regard can be of use in making a differential diagnosis of inflammation of the gall bladder. 

SILICOSIS, Dyspnea of, What Causes It? Cole, L. G., and Cole. W. G. J. A. M. A. 113: 

1216, 1930. 

Dyspnea is the outstanding symptom of .silicosis, but it lias not been accounted for by 
hitherto recognized pathologic changes. It is frequently absent in cases of marked 
nodulation and is, on the other hand, present in cases of indefinite nodulation. 

A consideration of silicosis under the three type-' previously recognized — peii- 
bronchial, nodular,' and acute— aids in the comprehension of this problem. The acute man- 
ifestation, as observed in the Gauley Bridge cases, gave the kov to this silicotic problem. 

Large sections from the hilus to the pleura stained with Jfasson's trichrome stain 
Were most valuable in enabling us to make the observations i sported. Black and white 
photomicrographs were useless, and hematoxylin and eosin stain was aKo unsatisfactory. 

Large microscopic sections of silicotic lungs show three general manife.stations of 
niorbid change.s: (1) avascular areas, (2) overvnsculai areas, nnd (3) a region of invasion. 

The region of invasion, where collagen constricts the capillaries, is the most impor- 
tant region for iiiten.sivc studv. In the nvasculai poition, capillary occlusion by external 
pressure causes a trafiic jam of red blood colls, with a damming back of the blood into the 
arterioles and a lack of drainage of the veins. The blood in the large vessels in the 
avascular areas disintegrates. Overvascular aieas, where there is immense dilatation, of 
the capillaries, and engorgement of the veins and arteries with viable blood cells, seem 
to compensate for avascular legions in differeiit portions of the section. 

Theoretically dyspnea lias been explained by two pathologic factois: (1) nodulation 
and (2) alveolar consolidation. To these w’e add a thiid, capillary obstruction and 
dilatation. 

From a study of raicro.scopic sections we have made certain deductions w'hich con- 
stitute our conception of the life history of silieo.sis at least as it occurs in some groups 
of cases. We believe that the dyspnea of silicosis is due to capillary occlusion in large 
localized regions of the lung, with compensating capillary dilatation in other regions. 

Most diseases exhibit morbid changes which can be recognized in relatively small sec- 
tions; for example, certain tjiies of neoplasm can be determined by small groups of 
characteristic cells, but in silicosis there is a vast variety of morbid changes in various 
portions of the lung. Different varieties of dust result in different types of morbid change 
III varying regions of the lung. 
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TISSUES, Fixing and Staining Methods for Lead and Copper in, Mallory, j, B,, 

Parker, F., Jr. Am. J. Path. 15; 519, 1939. 

Eematoxijlin Stain; Hematoxylin and its ripened derivative, hematein, unite with a 
number of metals to form colored compounds, some of which have been found very uscfnl 
as stains for nuclei and other tissue elements. As a rule, iiematein is required to make the 
stain effective. For this reason, an- alum hematoxylin solution must be ripened by the 
aid of light, heat, or oxidizing reagent. For staining lead, hematoxylin itself is essential, 
and ripening of the staining solution must be prevented as far as possible. On this nc- 
count a solution in dibasic potassium phosphate has been found most useful. 

Fixation; Tissues to be examined for lead must be fixed in 95 per cent or absolute 
alcohol. Formalin is worthless and, therefore, tissues fixed in this reagent in the past ate 
useless. 

Method of Staining; Stain celloidin sections in the following solution in the paraffio 
oven (about 54° C.) for 2 to 3 hours, rarely' longer. Paratfin sections ate loosened from the 
slide. 

Dissolve 5 to 10 mg. (but not more) of hematoxylin in a few drops of absolute or 95 
per cent alcohol, and add 10 c.c. of a freshly filtered 2 per cent aqueous solution of dihasie 
potassium phosphate. After staining, wash the sections in several changes of tap water 
for 10 minutes to 1 hour, dehydrate in 93 per cent alcohol, clear in terpineol, and mount m 
terpiueol balsam. 

FesuUs; By this method lead is stained a light to a dark grayish blue, and the andd 
(which owe their staining properties to tlio presence of metals) take a deep bine color. 

Copper is fixed well by both alcohol (95 per cent or absolute) and neutral formalin, 
and is stained intensely blue by hematoxylin and by hematein. The simplest method is to 
use the same solution recommended for staining lend. The iron so commonly associate 
u'ith copper stains black after alcohol fixation, but light to dark brown after forma ic 
fixation. 


GLUCOSE TOLEBANCE, The One-Hour Two-Dose Dextrose Tolerance' Test (Exton-Eose 
Procedure), Matthews, M. W., Magath, T. B., and Berkson, J. J. A. M. A. 1 '• 
1531, 1939. 


Advancing age produces a progressive elevation of the blood sugar level at eve . 
phase of the blood sugar time curve obtained with the dextrose tolerance test o 
and Rose. The degree of this, however, is insufficient to invalidate the following 

A fasting blood sugar tliat exceeds 120 mg. per hundred cubic centimeters oi^ 
is diagnostic of diabetes. This value, however, was exceeded by only 21 per 
persons with diabetes in this series of cases in which diabetes was minimal, 
no person in whom the carbohydrate tolerance -was considered normal had a fasting 
sugar that exceeded 110 mg. 

According to our experience, the most effective criterion with the Exton 
cedure for differentiating persons suffering from diabetes and normal persons, is 
value of the blood sugar. If 158 mg, por hundred cubic centimeters of Woo ar« 
the critical level so that individuals showing a blood sugar reading below 
the hour are designated nondiabetic, and individuals -with readings at or a gj. 

are designated presumptively diabetic, a high percentage of correct diagnoscs^*^^ values 
pected. As far as the observations in this series are concerned, all individoa s 
at the hour less than 154 mg. wore found to be normal, and al! individuals wi . 

the hour of 180 mg. or more -were found to be diabetic. Hence these two 
most definite. Indi-viduals with values at the hour between 158 and 1/9 ”'^J'^j,g^ 5 i,jered 
constituted only a small fraction of our cases (G, or 5.1 per cent, of 117 or 

to be nondiabetic, and 19, or 7.7 per cent, of 247 patients considered to a smalie' 
The number of cases -with a doubtful laboratory test- 


mildest diabetes) 
by this crii 
It also was 


. JLU« JUUIUUWF Ui. WltU «. UUUULXUX ^ ^ H.KOSC ' 

by this criterion than by any other criterion appiied to the Jesuits of of otter 


smaller than that obtained by any criteria applied to the ir 
oral tests for dextrose tolerance with which we have had experience. 
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TUBERCLE BACILLI, Clinical Signiflcanco of, in Urine, Dukes, C. E. Brit. M. J. 21: 

799, 1939. 

Tuberculous bacilluria is tlio result of an occult or subclinicnl tuberculous infection 
of the kidney, and may occur in many different forms of cxtrarennl tuberculosis, es- 
pecially in disease of bones and joints. Tubercle bacilli arc present in the urine in small 
numbers only, and are rarely found by microscopic.il examination. Guinea pig tests are 
necessary to demonstrate tuberculous bacilluria. The excretion of tubercle bacilli is in- 
termittent. The urine is generally clear in appearance, though containing an excess of 
leucocytes. The excretion of tubercle bacilli may cease when tho patient's general health 
improves. 

In clinical urinary tuberculosis the urine contains large numbers of pus cells, and these 
can generally be found in stained films. Guinea pig tests and cultures are rarely neces- 
sary. Tho excretion of tubercle bacilli is constant, and will continue as long as an open 
tuberculous lesion can discharge freely into the urinary tract. In clinical urinary tuber- 
culosis the Urine always contains a few pus cells, and often the pyuria is sufficient to cause 
a definite turbidity. These points enable a distinction to be made between results of 
laboratory testa in tuberculous bacilluria and in clinical urinarj* tuberculosis. 

SPUTUM, Technique of Examination of, Pottenger, J. E. Am. Rev. Tubcrc. 40: 581, 1939. 

A report on the examination of successive twenty-four-hour specimens of sputum 
by the dilution-flotation picric acid method and guinea pig inoculation records that of a 
total of 171 specimonsj 57 were positive to guinea pig; IS wore positive in a ten-minute 
search after treatment by dilution-flotation; and 39 were positive after prolonged search 
(thirty to ninety minutes). 

The dilution-flotation technique will detect tubercle bacilli in a ten-minute search 
if present to tho extent of about 175 per c.e. of natural specimen. Below this number 
the guinea pig is advisable for diagnostic purposes. 

Guinea pig inoculation, if negative, is wholly inadequate for diagnosis, if only a twenty- 
four-hour inoculum is used. Only 25.5 per cent of the specimens from a group of 8 pa- 
tients in whom a definite diagnosis had been made were positive in guinea pigs. A statis- 
tical study shows that a three-day inoculum would be positive in 51. G per cent; and a five- 
day, seven-day, nine-day, and fifteen-day inoculum in 66.1, 74.2, 78.6, and 86 per cent, 
respectively. 

REOTHROMBIN, Study of the Quick Method for Quantitative Determination With Sug- 
gested Modifications, Pohle, r. J., and Stewart, J. K.: Am. J. M. Sc. 198: 622, 1939. 

The Quick method for the quantitative determination of plasma prothrombin con- 
tains variables which significantly influence the results of the test. 

Calcium is an important variable in tho Quick prothrombin method. The optimal 
amount of calcium necessary for recalcification must be determined in each instance to 
assure a minimal coagulation time (prothrombin time). Studies on the plasma of 85 
normal individuals indicate that with optimal recalcification tho normal prothrombin time 
is 10 seconds. 

The optimal calcium concentration required for the determination of the Quick 
prothrombin time is similar to normal blood serum calcium values. 

Slight variations in the oxalato concentration of the plasma do not influence pro- 
thrombin determinations if the optimal amount of calcium required is determined in each 
case. 

The presence of a gross lipemia significantly shortens the prothrombin time. It is sug- 
gested that in order to avoid this variable, determinations should be done only on clear 
plasma. 

Observations on 46 individuals, with liver or biliary tract disease, indicate that the 
niodified Quick prothrombin method measures a deficiency which frequently exists in these 
c^ses, and which is apparently responsible for the bleeding tendency. 
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MYELOMATOSIS, Diagnosing, Isy Complement Eixation, Jersild, M. J, A. 1!. A, 113; 

1119, 1939. 

Of 27 patients with anticomplementary serum, 13 definitely and y prohaWv had 
myelomatosis. The reaction occurs onlj' after the serum is heated to from 56' to 6!)' C., 
and a considerable increase in globulin is often found; the coagulation tempemtine of the 
serum is often low. 


FLUIDS, Carcinoma Cells in Thoracic and Abdominal, Schlesinger, M. J. Arch. Path. 28: 

283, 1939. 

The diagnosis of carcinoma can be made readily on thor.acic and ascitic fluid?. Con- 
.sistent, reliable results can be obtained best by the technique of centrifugation of the 
fluid, and fixation, embedding, and sectioning of the sediment. The method of utilizing 
stained or unstained smears was found to be unreliable. 

A definite positive diagnosis of carcinoma should be made on such sections only 
after finding groups of definite polygonal cells .showing polarity, sharpely distinct cell 
walls, and acinar or pseudoacinar formation. 

Such readily recognizable microscopic bits of tumor ti.ssue are contained in about 
60 per cent of the fluids accumulating in the cavities of the body a.s the result of car- 
cinoma. 

The cells of fluids accumulating in the cavities of the body from other cause.? neut 
assume such a histoid .appearance but may otherwise resemble carcinoma cells. H strict 
adherence to the aforementioned proper, rigid criteria is maintained, a false diagno.-i? 
of carcinoma will never be made on such a nonneoplastic fluid. 

Tlie author’s method follows: The technique followed is extremely simple. The 
fluid is centrifuged at high speed until the supernatant liquid is clear. This is most con 
veniently accomplished by centrifuging repeatedly in the same 50 c.e. round 'Of 
centrifuge tube, pouring off the cleared fluid and replacing it by fre.sh fluii to 
centrifuged. .Sufticient sediment is thus finally obtained as one mass at the bottom 0 
centrifuge tube. Even it the fluid has not been collected aseptically, its 
the icebox for twenty-four or- thirty-six hours before centrifuging permits little e w 
the neoplastic cells. Centrifuging for a considerable period at the highest spee 
tainable does not damage the cells. ^ 

The sedimented mass obtained is then prepared for fixation. It is first 
to a piece of filter paper ns a .small compact pile. This traii.sfer is made eit 
small spatula, ivith the point of a scalpel, or with a small platinum loop, 
the amount and consistency of the sediment. The sediment obtained is seldom m- 
for such transfer, especially the sediment from fluids containing neoplastic 
times a fibrin clot forms in the fluid and a voluminous jelly-lihe precipitate, u 
out of the tube en masse, is obtained after centrifuging. In this clot are f”" 
the cells of the fluid. Before fixing, some of the fluid that is also enmeshe 
extracted by gently' rolling the clot around on dry' filter paper. Tlie sedimen 0^ 
fixed in at least 10 volumes of a neutral 3:10 dilution of .solution of aoii 

for eighteen to twenty-four hours, embedded in paraffin, sectioned at 8 to 
stained with hematoxy'liu and eosin. 


ilic Folymorphonuclear, Ingral)aD>t ® 


LEUCOCYTES, Chemotropism of Human Eosinophilic 

and Wartman, W. B. Arch. Path. 28: 318, 1939. ^ ^ 

The chemotropism of human polymorphonuclear eosinophiles was stud'e 
The cells were obtained from a patient with eosinophilic myelogenous bacteii-i 

one w'ith dermatitis herpetiformis. The chemotactic reaction of „pre at- 

ilic leucocytes. 


W'as found to be as strong as that of normal neutrophilic 
tacked less strongly by material from an animal parasite, 
tone, 


leucocyte*, p---- 
I, spivalis, than by 
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GROSS PATHOLOGIC SPBCIMENS, Solid Carbon Diosclde in Preparation of, Bauer, J. T. 

Arch. Path. 28: SOfi. lO.IP. 

A fiber packing box or container large enough to hold the pait to be frozen is ob- 
tained and lined Avith aJi old woolen blanket and a few newspapers. On this the specimen 
is placed, and then small pieces of solid carbon dioxide (5 to So cm. in diameter) are 
placed about the specimen until it is entirely surrounded. (Heavy gloves should be worn 
to prevent severe frostbite while cracking the solid carbon dioxide and packing it about 
the specimen and while handling the specimen after it is frozen.) The newspapers and 
blanket are then tightly wrapped about the .solid carbon dioxide. 

Depending on the temperature of the room and the size of the specimen, a block 
or two of solid carbon dioxide [GO to JOO pound** (22.7 to 45.4 kg.)] will suffice to freeze 
an arm or a leg solid within twenty-four to thirty-six hours. At the end of this time 
gross sections can bo sawed in any plane through skin, subcutaneous fat, muscles, blood 
vessels, and bone, without tearing or distorting the ti>sue. (Author used a carpenter’s 
crosscut saw u-ith S or 0 teeth per inch.f The sawdust that adlicres to the cut surface 
of the .specimen is quite dry at first and can be scraped away inth the edge of a knife. 

If the cut surface is then gently and quickly washed with cold water, the water 
will be frozen into a thiii smooth transparent layer of ice. which readily permits pho- 
tography -with feiv or no dazzling high light.s or reflections, (‘olor photographs of such 
Specimens arc especially pleasing, as the natural colors are preser\ed. 

Blocks can then bo taken from the frozen specimen with a saw and chi.sel, and 
placed in the usual histologic fixatives for the preparation ot material for microscopic 
study. Xo detrimental o/Tect other than slight .shrinkage has been noted in the micro- 
scopic sections of tissue frozen by this means. Although chemical analy.ses of tissue frozen 
by solid carbon dioxide have not been nia<le in the author’s laboratory, they should be 
possible, as rapid freezing retards most chemical clianges. 

ilodifications of the method outlined have been ''Uggested but not tried. These in- 
clude injection of the vascular bod of the specimen svith fixatives before freezing and 
use of a band sasv or other kinds of power saws instead of a hand saw. 

The cost is little more than that of tJic .solid carbon dioxide, which in the author’s 
experience was between $3.00 and $3.50 per specimen. 

S^I’HANILAMIDE, Effect of, on Spermatogenesis in Man, Heckel, N. J., and Hon, C. G 

Am. J. ll. Sc, 198: 347, 1D30. 

In contrast to other reports, there were no noteworthy effects in 11 patients upon the 
total number or percentage of live spermatozoa from the use of sulfanilamide. 

Such variations^ as shown in the total spermatozoa counts during and after treat- 
ment, are no greater than the variations which occurred Imfore the drug was given. 

POLIOMYELITIS, Study of Heterologous Antibodies m, Burnet, F. M., Freeman, M., 

Jackson, A. V., and Lush, D. M. J Australia 11: 198, 1939. 

Seventy specimens of serum from patient.s with poliomyelitis have been examined 
for their content of heterologous antibodies against herpes simplex and swine influenza 
viruses and for diphtheria and staphylococcal antitoxins. The results have been analyzed 
according to age and social environment and compared W'ith those from control groups. 

There is no evidence that any of the heterologous antibodies in these specimens of 
&erum are in any different proportion from those which would be found in a comparable 
group of normal specimens. 

Herpes simplex antibody and diphtheiia antitoxin are both much moie frequentl\ 
found in children from crowded industrial suburbs than in those from better class areas. 
In the industrial areas herpes infection is contracted before the age of two years, while 
diphtheria antitoxin appears, as a rule, only after the child has begun to attend school. 

There is no association between the frequency of swine influenza antibody or 
staphylococcal antitoxin in serum and the nature of the social euviionment. 

There is a significant correlation between the presence of poliomyelitis antibody and 
diphtheria antitoxin in young children from industrial suburbs; this suggests that the two 
antibodies are acquired at about the same age and under similar environmental con- 
ditions. 



REVIEW 


The Story of Surgery® 


Some years ago Hugh Walpole divided a little essay upon “Heading” into three main 
headings; “Heading for Fun,” “Reading for Love,” and “Heading for Education.” 

Headers of the Story of Surgery will have difficulty determining under which of tie 
aforementioned headings it best falls and will probably end by concluding that it embolies s 
little of all three. The lay reader will read it “for fun” and “for education”; the doctor anl 
those with whom he properly has kin will read it “for fun” also, but likewise “for love"; 
for it is, indeed, a colorful, well-conceived and well-written tale of the past and present and, 
withal, casts a questing eye into the future. 

This reviewer agrees entirely with Grogarty: “This is the best book on Burgerj’ I have 
ever read. ’ ’ Lest any one be led by this to conclude hastily that it is a textbook, a dry tome 
of technique, let it he added that it is also a mine of folklore and superstition, as well as a 
treasure house of anecdote and characterization. 


“Harvey Graham” is a pseudonym, though it is not clear why the author should thus 
“hide his light under a bushel,” for he has written exceedingly well, with a lively, scholarly, 
and yet, at time.®, witty style. 


Medicine in all its phases began in superstition, ignorance, mystery, and magic. This the 
author has well limned in his opening chapter, “The Dawn of Surgery,” with its picture of 
primitive surgery among neolithic men. The picture is drawn with swift, sure strokes, an 
stands out like a vignette. You sense at once that the author not only has imagination s 
also has skill to transfer it to his pages. 

Space does not permit an extensive review, but a few of the chapter headings ma.v ^ 
quoted just to whet the appetite, such as: “The Quacks and the Brothers,” “Corpses, Cnno.i 
ties and Quacks,” “Barbers and Chirurgeons, ” “Surgeons Become Gentlemen, Strngge 
for Corpses,” and “The Black Death.” There are, in all, twenty-five chapters which, begin- 
ning in the murky mists of primordal ages, end with “Today and Tomorrow.” 

This is a book that can — and will be — read from start to finish without a stop. But it 
also a book that can be reread and browsed in. This is the mark of a hook worth whi e. ^ 

It is a little unfortunate that the author chose a rather prosaic title, for it does 


begin to convey- the intriguing interest of the book. ^ 

There are numerous excellent illustrations and a comprehensive index. Yithout 
the purchase of this book is an inve.stment rather than an e.xpenditure. 


•The Storj- ot Surgery-. By Harvey Graham. With a Forevyorf h> ^ yo* 
Grogartv, Cloth, 425 pages, 23 Illustrations, §3.75. Doubleday, Doran *. 

N. Y. 
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TUB BLOOD PIGMENTS' 


The Peoi’ehties and Quantitative Deterjiik-vtiox With Special Reference 
TO THE SpECTROPIIOTOMETRIC METHODS 


11, 0. Michel, Ph.D., and J. S. Harris, JI.D. 
Durham, N. C. 


W ITH the increasing prevalence of aiuliiic-coiitaimng drugs and poisons in 
the past few years, a mnnbci* of reports concerning the presence of ab- 
normal pigments in tlie blood liavc appeared. Tlie constitution of the hemoglobin 
derivatives has been but recently clarified, and the nomenclature has not as yet 
been standardized. Methods for tlic quantitative determination of methemo- 
globin and sulfhemoglobin have not been adequately reviewed. At present, they 
are often not specific for the pigment in question, and are sufficiently cumber- 
some to limit clinical studies to small scries of cases. We have reviewed (in this 
study) the interrelationships and characteristics of blood pigments and presented 
a critical discussion of existing methods, together with rapid, simi^le methods, 
for the spectrophotometric determination of inethemoglobin and sulfhemoglobin, 

nature of the blood pigments^'^ 

The prosthetic group of the hemoglobin compounds is an iron proto- 
porphyrin complex termed liejne by Anson and Mirshy.t The reduced, or ferro- 
heme, compound may be reversibly oxidized at the iron atom to ferrihemc 

,, ,, ‘From the Departments of BiocheniIstr>' ami Peiliatrirs, Duke University School of 
Medicine, Durham. 

Received for publication. May 18. 1939. 

tNomenclaturc of the Blood Pigments. Pauling and CoryelP have recently advanced 
certain Improvements in the nomenclature. The following table is added to simplify the rela- 
uonships. The terms of Pauline and Coryell are italicized while those of Anson and Allrsky* 

are In parentheses. 

Heme: a generic term for any iron porphyrin complex. 
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(hematin).'* The latter combines Avith acids to form ferriheme salts (e,g., 
ferriheme chloride) or ivith alkalies to form ferriheme hydroxide (alkaliiit 
hematin) .® Ferroheme may combine with certain nitrogenous substances (c.g,. 
proteins, pjmidine, cyanides) to form ferrohemochromogens,' while ferrilieme 
forms a corresponding series of ferrihemochromogcns (parahemalius).' fte 
combination of ferriheme and natiim globin has been performed in vitro and re- 
sults in ferrihemoglobin (metliemoglobin),'^ Ferroheme and native globin form 
ferrohemoglobin (hemoglobin). The oxidation of hemoglobin ivlvieh results in 
ferrihemoglobin (methemoglobin) is to be contrasted with the oxygenation of 
hemoglobin Avhicli results in the formation of the addition complex, oxjferro- 
hemoglobin (oxydiemoglobin). 

Sulfhemoglobin has never been prepared in a pure state and its constitution 
is not Imown.® Upon disrupting the molecule, one obtains the same heme and 
porphyrin as in the case of hemoglobin.'® Alkaline denaturation esperimenis 
show that there is no major change in the globin portion of the molecule.” Tlie 
formation of sulfhemoglobin apparently involves the introduction of one atom 
of relatively labile sulfur into the hemoglobin structure and also a change in ibe 
mode of linkage of the globin to the heme. At the present time, there is no vay 
of converting sulfhemoglobin into either methemoglobin or liemoglobin ivithout 
first splitting the moleeule into its constituent groups. 

The relationship between the blood and bile pigments is best summamd 
by a consideration, of the I'ccent work of Lemberg'- and of Barkan and Schales.^ 
Under certain experimental conditions, the partial oxidation of hemoglobin ov 
hemochromogen leads to an opening of the porphyrin structure at the alpha 
methene bridge without a loss of the central iron atom. To this tJTie of com- 
pound Barkan has applied the term pseudoliemoglobin, while Lemberg calls them 
verdohemochromogens. A characteristic of this group is the ease with vjmc 
the iron may be split off by mild acids to give rise to the bile pigment, bilivei m- 
Pseudohemoglobin may furnish the link between hemoglobin and the bile P’?- 
raents. Barkan has suggested that the 4 to 6 per cent of labile iron in the re 
blood cells" may be due, in part, to the presence of pseudohemoglobm. 


CHEMIC-VL PROPERTIES 

Hemoglobin combines reversibly with oxygen, carbon monoxide, and 
oxide.'® Through the action of strong acids or bases upon hemoglobin, t e co 

Ferroheme (recIuceU heme) ; Ferrous porphyrin complCK, Unless specified, the p 
is protoporphyrin. 

Ferriheme (oxWizcd heme) : Ferric porphyrin complex. 

Ferriheme chloride (heniin) ; Teichmann’s crystals, FeiTiheme plus en 
general term for these salts is acid hematin. ' , , 

Ferriheme hydroxide (alkaline hematin) : Ferriheme plus hydroxyl ions. nilw®' 

Ferroheinochromopen (hemochromogen) ; Complex of ferroheme ana o 
enous substances, such as pyridine, nicotine, ammonia, etc. . fjrriheme aho 

Ferrihemochromogeii (parahematin) ; Also called kathematin. Complex 
nitrogenous Buhstances. _ and nat”'® ® 

Semofflohih: A generic term denoting the complex or an iron ^ path' 

FerrohemooloMii (reduced hemogloljln or hcmoglohin) : Complex or irr 


giobln. 


Oxyhemoglohin; The complex of ferrohemogloliin and oxygen, 
■■ ’ — - - - ^ 


complex of ferroheme and globin. , 

■ ; The complex of ferriheme • The comply 

bin parahematin or kathemogloliin) . 


ferriheme and denatured globin. . ■n.-o-hvin ‘ 

A system for naming the hemochromogen derivatives is given by nra 
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respoiuling fcn'ilicmes are formed. Oxidation with liydrogen pero.xide in the 
presence of largo amounts of eyanide or coupled oxidation with ascorbic acid 
results in the formation of pscudoheinoglohin.*’ Strong oxidation with a variety 
of agents changes the valence of the iron to form mcthemoglohin. Hemoglobin 
and oxyhemoglobin do not react with cyanides, fluorides, or azides. 

Jlcthemoglohin forms a reversible redox equilibrium with hemoglobin. The 
En at pll 7 is + 150 millivolts.'* Ozone, iodine, chlorates, ferricyanide, hydrox- 
ylamiiie, hydroquinone, p-amino jihcnol, formaldehyde, hydrogen peroxide, pyro- 
gallol, permanganate, and certain bacteria (Sircpiococcu/t viridnns, cholera 
vibrio, pneumococcus, Giirtuer’s bacilli, and certain nitrosobacilli) can convert 
bcmoglobin to mcthemoglohin.'* llcthcinoglobin forms s])ontancously when solu- 
tions of purified hemoglobin are exposed to oxygen. The free energy of this 
reaction is sufficiently great to preclude the spontaneous occurrence of the re- 
verse reaction. However, in vivo or in drawn whole blood, the reverse reaction 
may take place through the action of reducing substances (glucose, unsaturated 
fatty acids) which are present.* llcthcmoglobin is reduced to hemoglobin by the 
action of sodium hydrosulfite, ammonium sulfide, sodium anthrahydroqninone 
disulfonatc, titanous tartrate, and Stokes’ reagent. Jlethcmoglobin combines 
reversibly with cyanides (formation of cyanmcthcmoglobin),-'’ sulfides (snlf- 
methemoglobin) peroxides,-- fluorides,-'’ and azides.-' Like the other ferriheme 
eorapound.s, it may exist as the ba.se (alkaline methemoglobin) or as the salt 
(acid methemoglobin).** It docs not combine with oxygen or carbon monoxide. 

Sulfhcmoglobin is formed by the reaction of hemoglobin with soluble in- 
organic sulfides and hydrogen peroxide." The reaction of oxyhemoglobin nith 
sulfides is slow but is considerably accelerated by certain reducing agents 
(phenylhydrazinc, hydrazine, hj'droxylaminc, naphthylamine, phenylenediainine, 
jsntine, paraminophcnol, and particularly hydro-siilfite).*’ Snlfhemoglobin exists 
in the oxidized or reduced form.*' As ordinarily prepared through the action 
of .sulfide and a reducing agent on o.x.vhemoglobin, the reduced form is obtained. 
Oxidized sulfhcmoglobin may be prepared by the action of ferricyanide on the 
retlneed form, Ilcduced .sulfhcmoglobin reacts with carbon monoxide,**" but not 
tvitli oxygen, cyanide, sulfides, ammonia, azide, hydrosulfite, Stokes’ reagent, 
alkalies, or fluorides,** Ilemochromogcn is formed upon the addition of mercuric 
chloride or strong bases followed by reduction with hydrosulfite.** 

Hematin is formed through the action of strong acids or bases upon 
hemoglobin. As has been mentioned previously, it may exist as the base or salt. 
Hematins combine with cyanides to form eyanhematin and with other nitrog- 
enous compounds to form paralicmatins.* Upon reduction, hematins form 
unstable ferrohemes which rapidly revert to hematin in the presence of oxygen. 
Both hematin and c.vanhematin form ferrohemochromogens upon the addition of 
ammonium sulfide.*” This behavior is to be contrasted with that of methemo- 
glohin or cyanmcthcmoglobin which slowly revert to reduced hemoglobin under 
ihe same conditions. Ferroheme and ferrohemochromogen, particularly in 
alkaline solutions, combine with carbon monoxide but not with oxygen.*” 
Hematin has been reported in the blood plasma and urine of patients with 
taalaria, pernicious anemia, intravascular hemolysis, and sepsis,*' 
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A pigment, known as pseudometliemoglobin, maj- appear in tlie plasma of 
patients with blackwater fever or massive intravascular hemolysis.®^'” Thk 
pigment is identified by the presence of an absorption band between 622 and 
624 m^t, by its reaction with sodium hydrosulfite, and by its failure to react ivitli 
Stokes’ reagent or 10 per cent ammonium sulfide. The eomposition is not known. 
Fairley and Bromfiekb’- have suggested that pseudomethemogloliin Is a comkina- 
tion of hematin with nnknowm nitrogenous constituent of the plasma, probably 
serum albumin. The pigment has not been found in red corpuscles. 

Verdohemochromogen has not been demonstrated spectroscopically in tlio 
blood stream. Its existence is assumed because of the presence of the easily .split 
off iron of the red blood cells. 


SPECTROPHOTOMETRIC PROPERTIES 


Investigations concerning the nature of the blood pigments have depended 
largely’’ upon their color, because of their relatively sharp absorption band.s and 
the ease of spectroscopic examination. It is to be emphasized that, at the present 
time, the identification of the various blood pigments still depends mainly upon 
their spectral properties. For example, the characterization of sulfhemoglobm 
and pseudometliemoglobin is ba.sed solely upon the position of their absorption 
bands and the behavior of these bands under chemical manipulation. 

(a) Theoretical.^*’ — The change in intensity of light, as it passes through 
an absorbing medium, is given by the following equation : 


- ^ = KI 
dl ^ ^ 


( 1 ) 


Upon integrating and changing to logarithms to the base 10, we obtain, 


log 


ivhere 


I„ 


El 


( 2 ) 


10 = intensity of incident light. 

11 = intensity of light at depth of solution 1. 

E and K are constants. 

For monochromatic light the absorption is generally propor 


tional to the 
, hr the 


number of molecules in the path of the light. The relationship i.s given ^ 
Beer-Lambert’’® larv -which has been verified for dilute solutions of the bloo P = 
ments.^" 


where 


- log i = E cl 

•*•0 


E — — and c = concentration of absorbing m< 
c 

E is knowm as the extinction coefficient (transmissive index) 


(3) 


aterial. 


lo - log (optical 
J-0 


and is eqi'f’ 

al den.sity or extinction) when the depth of the sohit’ ^ 

unity. E is the specific extinction coefficient (specific transmissive indc.') • 

.* T.c _ 

is equal to the optical density at xinit deplh and concentration. 
then E cl = 1, and the phj\sieal meaning of the extinction coefficients 
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clear. Tlie specific oxliiiclioii coeflicipiit is flic reciprocal of tliat concentration 
necessary to rednee the lifrht to Vio of it-s original intensity in a unit layer of 
solution.’** 

Qualitative spcetropliotometiy depends upon the fact that each substance 
e.vhibits a characteristic relationship between extinction and wave length, i.e., 
a characteristic alisorption .spectrum. This relationship is generally expressed 
by the curve obtained when the extinetion coefficients are plotted as ordinates 
against the wave length as absci.ssae.’” However, when the concentration is 
varied or when different units of eoneentratiou are used, it is found that the 
curves for a particular substance eannot be superimposed. The curves will vary 
both in form and in height, since E — E/C. This effect of concentration in 
changing the form of the curve is canceled if one plots the logarithm of the 
extinction coefficient against the wave length.’* Curves for the same substance 
at different concentrations can then be superimposed. They run parallel to each 
other at an interval equal to log c, since log E = log B - log c.*“ By plotting 
the data on semilogarithm paper, one retains the simplicity of the first method 
and the advantages of the unchanging form of tlie second method (“tj'pical 
absorption curves”). This ty])e of curve becomes particularly important when 
the concentration of the substance is not known. 

(b) Ahsorption Spectra . — The “tj'pical absorption spectra” of some of the 
blood pigments and their derivatives arc shomi in Bigs. 1 and 2. Oxyhemoglobui 
is easily distinguished bj' the characteristic bands at 540 and 575 nip. Upon the 
addition of strong reducing agents (e.g., liydrosulfite) both bands disappear, to 
be replaced by the single strong band at 555 nip of reduced hemoglobin. Addi- 
tion of oxidizing agents (ferricyanidc) in neutral or acid solutions causes the 
appearance of the alpha methcmoglobin band at 630 to 634 mp. This niethemo- 
globin band disappears upon the addition of a few grains of cyanide, hydro- 
sulfite, sulfide, azide, fluoride, or alkali. Sulflienioglobin has a characteristic 
band at G18 to 620 mp which is unchanged by the addition of the reagents men- 
tioned above in the case of methemoglobin. The band disappears upon the 
addition of ferricyanide and is shifted from 5 to 7 mp towards the violet when 
carbon monoxide is bubbled through the solution. The methemoglobin band, on 
the contrary, is not changed by the addition of carbon monoxide. Illuminating 
gas must be purified for this purpose since it may contain sulfides or reducing 
agents which irill alter methemoglobin. Hematin in acid solution shows a strong 
alpha band at 660 nip. In N/10 sodium hydroxide, the alpha band is less 
prominent and has its maximum at 610 mp. IVIien seen in serum, hematin 
generally shows a band at 610 to 625 mp. The band disappears upon addition 
of cyanide. Cyanide and ammonium sulfide or sodium hydrosulfite disperse the 
band with the formation of a hemoeliromogen spectrum (sharp bands at ap- 
proximately 560 and 530, the iormer band being the .stronger). 

(c) Qualitative Spectroscopic Examination of the Blood . — Freshly drawn, 
oxalated blood is placed in a small test tube and centrifuged. The plasma is 

use is made of the term absoiption constant or o&soriifioK infio, wliich is desig- 
‘■iiea by A. The definition fs given br the equation 

c = AXE (4) 

cuhi« ^ reciprocal of the specific extinction coefficient (usually in units of grams solute per 

t-uDic centimeter of solution). 
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removed and the cells are diluted with an equal quantity of water. Hemolysis is 
completed by the addition of a few milligrams of saponin. The mixture is 
stirred cautiously since shaking produces a foam which hinders the examination. 
Wliole blood may be hemolyzed wdth saponin without the addition of \Yater if 
one is not interested in the plasma pigments. Illumination is furnished hr a 
small vertical beam from a shielded 100 xvatt frosted bulb. Through a low dis- 
persion, direct vision, and hand spectroscope, various thicknesses of solution arc 
examined by tilting the test tube.* A point will be found where only the red 
region of the spectrum is light enough to permit the detection of absorption 
bands. The 630 methemoglobin band appears to divide the red region at a 
point approximately 4/10 of the distance from the yellow end. The 620 
sulfhemoglobin band is slightly nearer the alpha hemoglobin band. A prac- 
ticed observer can detect this difference wdth the hand spectroscope even 
before the application of the usual confirmatory tests (disappearance of the 
methemoglobin band but stability of the sulfhemoglobin band on addition of 
a few drops of 1 per cent potassium ej'anide,^'’ dilute ammonia, or a few grains 
of sodium hydrosulfite). The band of sulfhemoglobin can be abolished by 
the addition of ferricyanide, but cyanide must be added to prevent the ap- 
pearance of the methemoglobin absorption in that region. If hydrosulfite 
is now added, the sulfhemoglobin band at 620 returns. 


The sensitivity of this test does not depend upon the absolute concentra- 
tion of the abnormal pigment but on the relative intensities of the abnormal 
band and the diffuse absorption of oxyhemoglobin in that portion of the 
spectrum. Methemoglobin can be detected when it constitutes as little as 
3 to 4 per cent of the total pigment (approximately 0.5 gm. per cent).'*'’ Since 
the sulfhemoglobin band is about three times as strong as that of methemo- 
globin, 1 per cent sulfhemoglobin in normal blood (0.1 gm. per cent) can e 
seen.^^“ The simultaneous occurrence of sulfhemoglobin and metheiaog o m 
is indicated when the band in the red becomes lighter but does not disappeai 
upon the addition of cyanide, and seems to be shifted toward the blue en 


of the spectrum. 

Examination of the plasma can be carried out in similar fashion. Slight 
hemolysis will cause the appearance of the two banded oxyhemoglobin spec^ 
ti’um. Methemoglobin is detected as described above. Hematin pro n® 
a band at approximately 610 to 630 nig. Upon the addition of ’ 
this band disappears. Upon the further addition of ammonium 
a hemochromogen spectrum, with bands at 530 and 560, appem®- 
serves to distinguish clearly between methemoglobin and 
methemoglobin reverts to reduced hemoglobin under these con 
Pseudomethemoglobin shows a band at 622 which does not change 
dition of Stokes’ reagent or 10 per cent ammonium sulfide, but jsap 


upon the addition of sodium hydrosulfite. 




’Greater elegance in this examination may be achieved ji.^’^/*various deP***® 

stnicted apparatus." The use of a glass wedge simpliOes the examination oi 
solution. 
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QUANTlTATnU DETERIIINATIOX OF THE BLOOD PIGMENTS 

Jlethocls for the quantitative determination of the Wood pigments may 
be divided into three general types: gasometrie, combined gasometrio and 
colorimetric, and speotrophotometrie. 

(a) Gasomclrk . — Gasometrie methods have been applied only to the de- 
termination of hemoglobin and mothemoglobin. They are based upon the 
determination of the oxygen or carbon monoxide combining power of blood 
before and after the conversion of niethcmoglobin into hemoglobin through the 
action of reducing agents. The cai'bon monoxide capacity method was first 
suggested by Nicloux and Fontes'" and elaborated by Tan Slylce and his eo- 
worhers.*' Thi.s method is given in detail by Peters and Van Slyke.** The 
oxygen capacity method was improved by Conant and Fieser.*'’ The oxygen 
capacity is determined by the Van Slykc and NeilP® method before and after 
reduction with sodium anthrahydroquiiione H sulfonate*’ or titanous tartrate.’* 

The gasometrie methods require experience and are tedious. The oxygen 
capacity method is speeifie for methcmoglobin, but there is always the danger 
of the reoxidation of the lakcd hemoglobin to methcmoglobin during the aera- 
tion with oxygon. This tends to make the final result too low, but the error 
is minimized by the use of titanous tartrate as the reducing agent. As 
Conanp* has pointed out, the carbon monoxide methods are disturbed by the 
presence of other pigments. After reduction, both hematin and sulfhemo- 
globin may combine with carbon monoxide and thus appear in the mult as met- 
hcmoglobin. In both methods methcmoglobin is calculated from the difference 
between two determinations, thus magnifying the errors. There are no 
gasometrio methods for sulfhemoglobin or other pigments. 

(b) Comiined Gasometrie and Colorimetric Determinations . — Active hemo- 
globin is determined by the carbon monoxide or o.xygen combining power. Total 
pigaient is detennined by a variety of methods: colorimetric cyanmethemo- 
glohia,”- ” acid hematin,®* methemoglobin,” or total iron.” The difference be- 
tween the active hemoglobin and the total pigment represents the methemoglobin 
or sulfhemoglobin. 

These methods are not specific. If the oxygen capacity is used for tlie de- 
termination of the active hemoglobin and the total iron for total hemoglobin, 
the result will represent all other iron-containing pigments: methemoglobin, 
sulfhemoglobin, hematin, and some nonhemoglobin iron. In the ease of the 
carbon monoxide methods, a variable amount of sulfhemoglobin may com- 
bine with the gas and be calculated as active hemoglobin. The difficulties 
of the colorimetric methods have been discussed by Schwentker.” They re- 
quire fresh standards which are difficult to prepare and must be constantly 
recheeked. Turbidity,” hematin, or other colored substances interfere with 
the oyanmethemogiobin and mothemoglobin methods. The iron analyses are 
wore accurate but are more difficult to conduct and generally require pre- 
liminary ashing. 

"When both methemoglobin and sulfhemoglobin are present, the only com- 
bined method woiild require the determination of the difference in oxygen 
'’anaoity before and after reduction with titanous tartrate as a measure of 
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metliemoglobin followed by tlie determination of total pigment liy fhe acid 
liematiii or iron analytic methods to obtain the snlfhemoglobin concentration. 
Nonhemoglobin iron naturally interferes. 

(c) Spectroi}hotometric Methods.^^- — Quantitative spectrophotometry 

depends upon the equations previously derived, and the fact that the total k- 
tinction coefficient for a solution is an additive function of the separate 
extinction coefficients of its constituents in the absence of interaction. 


Et =E, + E, (5) 

Utilizing these principles, the following spectrophotoinetric methods have 
been evolved: 

(1) The extinction coefficient of a solute may be calculated by subtraction 
of the extinction of the remainder of the materials in solution from the total 
observed extinction. This opieration is performed automatically if one places 
the solution containing the compound in question in one cup of the spectro- 
photometer and the solution without the compound in the other cup. The 
concentration of the solute may be readily determined from the ohserred 
extinction if the specific extinction coefficient is known. 

cone, (x) = E (obseiwed) / Ex (6) 

(2) Method of Vierordt.®»> The concentrations of two colored suhdancos 
in an optically^ clear solution may be calculated from the total extinction co- 
efficients of the solution at two wave lengths through tlie use of simultaneous 
equations. 

Let 

E„m and Eijm be the extinction coefficients of the solution at ivavc 
lengths a and b. ■ * f 

E„x, Ear, Eux, and be tlie known specific extinction coefficients o 

components x and y at wave lengths a and b. 

X and Y be the concentrations of components x and y in the so u lo 

Prom 5 and 6 we obtain 

Ea„, = E„x X -L E„y y (7) 

Ebm = E|jx X -f E\)y Y (8) 

Substituting and rearranging 


X 


Y = 


Eby Earn Ebm Ea 

Eby Eax “ Eny Ei, 

Eax Ebm Earn Ei, 


(9) 

( 10 ) 


Eby Eax ~ Eay Ebx mOl'C 

These principles may be extended to solutions containing p{ 

solutes. Application and criticism of this method will be cliscusse vi 
the following procedure. 

— . CP nf tliG 

•The chief dra-wback to spectrophotoinetric methods is ^''4 clin''^^h 'l?metric 

though -we realize that these instruments are by basis of all 

principles involved have been e.xplainea fully since they form tlie basis 

methods. 


pica . p of 

Recently photoelectric photometers have become Jments are af'’a’eV 

convenience, simplicity, and accuracy. All methods used m the developiu™^ 

snectrophotometric principles, and Uie spectrophotometer is adapted to I'l^essan’ 

aPPUcations. Conversely, all spectrophotometric methods aie e m It is onb 

llectrm pliotometers if one has the choice of suitable narrow banded ^ ^ fllt« 

to substitute the apparant extinction coefficients of the substances n un 
true spectrophotometric extinction coefficients. 
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(3) Method of Ilufner.'’^ Iliifncr’s method is very similar to that of 
Vierordt. The same simultaneous equations are used, but tlie final formula gives 
the percentage composition of the mixture in terms of the ratio (R) of the ex- 
tinction coefficients of the mixture at two wave lengths. 

Let R = Efiin / Ei,ni 

and per cent X — 100 X / X + Y (percentage concentration of X in the 

total colored solutes).* 

Prom 7 and S one obtains the following equation by division and rearrange- 
ment : 


Per cent X 


100 (^„. - R 


R 


7- l>y ) V 7-113 


Xfl. 


( 11 ) 


Several methods have been pro))oscd for the determination of methemo- 
glohin in the presence of oxyhemoglobin through the use of these formulas. 
Most of these depend upon the Hufner ratio of the e-xtinction coefficients 
at 540/500,“* which have been determined for both oxyhemoglobin and 
allcaline methemoglobin b.v Ilari’'”’ and Ileilmeyer.’* However, these ratios 
are so close together that a large change in the composition of a mixture is 
refleeted by onlj’ a small ehango in the ratio, e.g , 0.43 for the complete con- 
vension of oxyhemoglobin to methemoglobin. Both Heilmeyer and Drabkin 
and Austin" point out that the ratios at 576-57.5/5C0 mg change approx- 
■imatcly twice as much, for a given change in comi)osifion, as those at 
340/560 mg, and Heilmeyer’* shows that the ratios at 576-575/590 have a 
far greater dispersion. Tlic clioiee of wave lengths at 540 m/» and 560 mg is 
doubly disadvantageous since Austin and Drabkin have demonstrated that 
this ratio is markedly influenced by pll variations.”' 'I’heir data show that 
both the ratios at 576/560 and at .570/390 are much less disturbed by changes 
in the pII of the solution. The disadvantage of the 590 mg measurement is 
that the light transmissions of both oxi'homogiobin and methemoglobin are 
changing very rapidly with wave length. 

Because these methods depend to a variable extent upon the pH of the 
solution, Michel““ has advised that the methemoglobin be converted to cyan- 
luethemoglobin. The oxyhemoglobin is not changed by this procedure and 
the absorption spectra of both oxyhemoglobin" and cyanmethemoglobin 
are nearly independent of pH variations. The ratios of the extinction co- 
efficients for these substances at 575 mp and 560 mp vary even more, for the 
same change in composition, than the corresponding ratios for oxyhemoglobin 
and methemoglobin. This method will be described in detail later. 

Por the determination of the total pigment in the mixture, the equations 
of Vierordt may be used. Drabkin and Austin" believe that greater accuracy 
IS obtained if the total pigment is measured separately by the absorption at 
any wave length after conversion to cyanmethemoglobin by the addition of 

ferricyanide and cyanide. 

The above methods are rapid but their accuracy is disturbed by any 
turbidity of the solution or the ]>rc.scncc of a third pigment. To clarify the 

pcrcontagci concentration icfcrs to this concept. Concentration 5\ill refer to 
s of the component in 100 c.c. solution. 
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solutions for tlxe determination of the percentage methemoglobin, we frac- 
tionally precipitate with ammordtun sulfate and use the filtrate. This pro- 
cedure does not affect the methemoglobin-hemoglobin ratio of the mixture or 
cause any detectable loss in pigments. 

Methods for the determination of sulf hemoglobin in oxyhemoglobin solu- 
tions have been worked out along similar lines. Prior to 1935, spectro- 
photometric methods could not be used since the absorption curve of sulf- 
hemoglobin had not been determined. This curve has noAv been determine! 
indirectly.® Our method for the determination of sulfhemoglobin depends 
upon the ratio of the extinction eoeflfieients of the mixture of oxyhemoglobin 



Fig^. 1 — The “typical absorption spectra” of oxyhemoglobin and hemoglob - ti 

globin curve plotted from the data of Hari.” Charnass," Kennedy,® and DrabKin ajiu 
Hemoglobin curve plotted from the data of Warburg, Negelein. and Lhnsuai . jjgfjatitms 
Drabkin and Austin.” The shaded areas in each curve represent the m^mu .jjpjjjs,- 
found. Ordinate: Specific e.xtinction coeffleient for a 1 gm. per 100 c.e. som 
Wave length in m/i. 


and sulfhemoglobin at 540 mja / 620 mp. The values of these 
coefficients were taken fi-om the data of Drabkin and Austin.® The a 
tion spectra of both compounds are only slightly influenced by P ^ 
but, as in the other methods, the solutions must be optically clear. 
the method requires the reading of the extinction at 620 my in 
solution and then the dilution of the solution in order to obtain 
at 540 mp, it has the advantage of giving large changes in the ratio o 
small changes in the percentage concentration of sulfhemoglobin. ^ 

(4) Method of Haurowitz.® — The , coticovtrafioti of each * jjjjs 

substances in solution can be calculated if the total concentration o pia 
Imoivn and the total extinction of the mixture is determined at any riave 
Let Ct be the total concentration of pigment. 

Eni) 31, Y, etc,, be as in equations 7 and 8. 

From 5 and 6, 

-F:, X + Dy (Ct - X) 


(12) 
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nnd 


X 


Ey C. 


(13) 


Ex — Ej 

H,nirowitz“ noted tliat the absor])tion of inethemoglobin at 023 was 
imlcpendciit of the pll of the medium. lie, tlicrcfore, proi^oscd tliat the e.x- 
tinctioii coefficients at 023 mp of a mixture of uiethemoglobin and oxyhemo- 
globin be determined before and after tlie conversion of all pigment to 
inethemoglobin by means of ferriej’anidc. The total pigment is determined 
liy the di^sion of the extinction coellieient after ferricyanide addition by the 
specific extinction coefficient of pure methcmoglobin. The concentration of 
methemoglobin in the original mixture is then obtained from formula 13, 
using the extinction coefficient of the mixture before ferricyanide as the Em 
value. The method, however, is inaccurate because of the effect of turbidity 
ami because the isobcstic jioint may not be located exactly at 623 mp. 



WAVE LENGTH ( Mp> 

_ , 2 — The “typical absorption spectra” of acid methcmoglobin, cyanmethemoglobin, 

rriTOift M Add methemoglobin curve constructed from the data of Hari,« Hau- 

Tiraw I Austin and Drabkln.®’ Cyanmethemoglobin curve from data of Haurowitz,” and 

as In Fig 1 Sulfhemoglobln curve after Drabkln and Austin.® Ordinate and abscissa 


Austin and Dralikin”' liai-e advocated the use of a similar method foi' the 
determination of methemoglobin in oxyhemoglobin solutions. Their method 
requires the following measurements: The extinction coefficients of the 
solution at 630 mp, 575 mp, 560 mp, and 540 mp; the pH; and the eoncentra- 
bou of total pigment by conversion to cyanmethemoglobin as previously de- 
scribed. The solutions must be optically clear and the absorption must be 
due only to methemoglobin and oxyhemoglobin. Turbidity or a third pigment 
will falsify the result. 

(5) Authors’ method. If the composition of one colored component in a 
^^ixture can be altered without changing any of the other components, the 
concentration of that substance may be determined by measuring the extinc- 
tion coefficient of the mixture before and after the alteration. 
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Let 

bo the specific extinction coefficient of component X at wave length a. 
Ea^' be the specific extinction coefficient of svibstance X' which is formed 
from X b}' the addition of Z. 

Em be the observed extinction coefficient of the original mixture. 

Ez be the observed extinction coefficient of tire mixture after the addition 

of Z. 

Then 


Cone. X 


E.n - Ez 
En-f — Eax. 


(14) 


This method has been applied to the photoelectric photometer ^eto-nuna- 
tion of methemoglobin in oxylieinoglobin solutions bj Ea ^lyR aw ^ a o. 
and independently by us to the spectrophotometric determination Both ar 
based upon the fact that the addition of cyanide ^ ^ , 

methemoglobin to cyanniethenioglobin ivithoiit affecting the absorption sp ra 
of either siilfhenioglobin or oxyhemoglobin. Because the 
moglobin varies with the pH and ionic strength, it 
solution to a knomi pH and to a reasonably constan sa . 

The buffer is also necessary to prevent the cyanide from chaug . 
of the solution. With these restrictions, the methods are simp , 
the use of uncleared solution and may be used in the piesenc 
ments which are unaffected bj' cyanide. 


METHODS . . . 

A. The Determination of jMethemoglobin in ' 

the Use of the Hiifner Ratio for Cyaiimethenioglobin and g 

One volume of solution (ivliole oxalated blood) is * saturated 

addition of a few miUigraiiis of saponin, livo ^oumes o 
ammonium sulfate are added. The mixture is coo ec an {j. 3 jion 

filtrate is diluted with distilled water until the tota blood 

is approximately 0.1 gm. per cent. The final dilution o v "cyanide are 

should be 1:100. Approximately 2 to 3 mg. of dry po ® 580 nV’ 

added, and the extinction coefficients are read at wave eng 
The ratio (R) of the extinction coefficient at 57o ni^ to a ‘ jgbin is 

ciliated. The fraction of total hemoglobin in the form of metliei „ 

eiven by the folloiving equation. 

^ 9.06 - 5.39 R 

m-IB/Total HB = ofiTTT^ , pjg. 3 . 

This value may be obtained directly from the calibration jg jnde- 

It has been stated previously that the R value 0 a ® pf lotal 

pendent of concentration. If one is merely interested in le parried out 
hemoglobin in the form of methemoglobin, the dilutions ma ,g^gj,j^ination 
very roughly. The method is, therefore, useful for J To df' 

of the percentage composition of a series of hemog „,,..„telv. Tlieto- 

termine the total hemoglobin, the dilutions must be ma e 
tal concentration may be calculated from the following eqiit ^ 

... . 4.66 Esoo + 0.53_E575 ^ 

Grams per cent total pigment = 29791 b'mal ai 
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The results may he checked hj' eoiu'crtiug all the pigment to cyau- 
methemoglobin am] then determining the extinction eoeffleient at 540 m/i. 
After the readings at 575 and 560 have been taken, approximately 3 mg. of 
diy potassium ferricyanide are added to the material in the spectropho- 
tometer cup. A few minuto.s later, an additional 2 to 3 mg. of potassium 
cyanide are added. The extinction coefTicient is read at 540 mp. 

E 1 

Grams per cent total pigment = x — — — - — , — 

0.9 Final dilution 



Ftp. 3.-“The values of the ratio of the extinction coemoents at 576 m/t to that at 560 mu 
for varying mixtures of cyanmethcinoglobln and oxyJicmoglobm 


B. The Determination of j^Eethcinofflobin aiui Oxyhemoglobin by Means 
of the Change in Extinction on Conversion to Cyaninethemoglobin 

One cubic centimeter of whole oxalated blood is hemolyzed by the ad- 
dition of a few milligrams of saponin. It is then diluted to approximately 
23 c.c. with distilled water. One and one-fourth cubic centimeters of 1.0 
molar phosphate buffer* arc added, and the solution diluted to the final 
volume of 25 c.c. AVithout filtering, tlie extinction coefiieient is determined 
at G34 m/i. Two to 4 mg. dry potassium cyanide are added to the solution in 
file spectrophotometer cup and, one miinite later, the extinction coefficient 
at 634 rxifi is again determined. It is to be noted that it is unnecessary to read 
the solution through both beams of the photometer, since one is only interested 
m the difference between the two extinctions and not their absolute values. 
The cells and plungers of the spectrophotometer must be carefully washed 
after the use of cyanide, since the next sample may be partly changed bj' the 


PO, per Phosphate buffer: 114.S gm. anhydrous NasHPOi and 26.15 gm. anhydrous KHa 

1 M 6.2 Phosphate buffer: 26.42 gm. Na2HP04 and 110.9 gm. KHaPOi per liter, 
t.. factors for two phosphate buffers have been given because it is sometimes necessary, 
u 1? tissue respiration experiments, to buffer the solution to pH 7.4. At this pH, approximately 
®^‘^®,methemogIobln Is In the alkaline form and Hie factor is, therefore. sm.iJIer than that 
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cyanide before the first extinetion is read. The concentration of methmo- 
globin is given by the folloiving formnla; 

, ,, , , . - Ep,, with cyanide 

Grams per cent metheinoglobin == — ^ ^ — — 

where P is 0.0728 when pH of solntion is 7.4, or 0.0860 at pH 6.2. 

To determine the total hemoglobin and metheinoglobin concentration, ap- 
proximately 5 mg. of dry potassinm ferricyanide are added to another por- 
tion of the diluted blood. After mixing, the solution is allowed to stand fire 
minutes. The extinetion coefficients at 634 mfi are then obtained’ before ami 
after the addition of cyanide. The total pigment is calculated by the same 
formula as above. 



RATIO SULFHEMOGLOBIN TO TOTAL PIGMENT 


Fig. 4. — The values of the ratio of the extinction coefficients at 540 

for varying mixtures of sulfhemoglobin and oxyhemogloDin. 


that at 620 m. 


C. The Determination of Sulfhemoglobin 
Methemoglobin is first determined by a modification of the 
method. The blood is, therefore, clarified by the use of 2 M pH ^ 
buffer* instead of ammonium sulfate. The greater ionic strength of 
tion necessitates a change in the factor used in the calculation of 
globin concentration. After the extinctions at 634 m/x have been ae 
the ratio of the extinction coefficients at 540 m/x to that at 620 m/x 
in order to calcnlate the sulfhemoglobin concentration according to > 
formulas. The presence of the cyanide does not affect the extinc i 
either the oxyhemoglobin or sulfhemoglobin, but corrections 
duced to account for the presence of the cyanmethemoglobin. ^ggedure 
globin is not present in the original solution, the first part of t e pr 


and the corrections may be omitted. 

One volume of solution (-whole oxalated blood) is hem 
ditioii of a few milligrams of saponin. Two volumes of 



»2 M pH 7.4 Phosphate buffer; 52.30 gm. KHiPOi and 


2S3.6S gm. KjHPOi per 


liter. 
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phosphate buffer are added, and the mixture is filtered. Two cubic centimeters 
of the filtrate arc diluted to 10 c.e. rvith distilled water. The extinction is 

determined at G34 m^a before and after the addition of 2 to 4 mg. of potassium 

cyanide. The extinction coefficient at G20 m/i is then determined. One cubic 
centimeter of the material in the sj)cctrophotometer cup is now diluted to 
10 c.e. (making a 1:150 dilution of the original blood), and the extinction 
coefficient is determined at 540. 

Calculations : 

„ ... , , . E,„, - with KCN 

Grams per cent mcthemoglobin = — 

Corrected G20 cxtinetioii = 15 Ecm - 0.09 x gm. per cent MHB 

Corrected 540 extinction = 150 Ejio - G.9 x gm. per cent MHB 

Prom the corrected readings, the ratio (R) of the extinction at 540 to 

that at G20 is calculated and used in the following formula to determine the 

ratio of pigment (exclusive of mcthemoglobin) in the form of sulfhemoglobin. 


Sulfhcmoglobin 8.7G - 0.144 R 

Total hemoglobin G.2G R + 2.8G 

The percentage composition (exclusive of mcthemoglobin) may be read 
direetly from the calibration curve in Fig. 4. 

The total pigment concentration in grams per 100 c.c. of the original 
solution is calculated from the corrected extinction coefficients by means of 
the following equation : 


Grams per cent total pigment s= Grams per cent metlicmoglobm + 


(5.2G E, 


,0 + 2.80 
55.2 


experimental 


The total hemoglobiu content of frcslily drawn oxalated hitman blood 
was determined after reduction with sodium hydrosulfite by the carbon 
nionoxide capacity method of Van Slykc and Hiller/' Solutions of these 
bloods were then prepared in accordance with the methods of determination 
previously described. The extinctions at the wave lengths used in the various 
methods were then obtained on the Bausch and Lomb Universal Spectro- 
photometer.* Another sample of the original blood was then checked for the 
active hemoglobin content by the carbon monoxide method without pre- 
liminary reduction with hydrosulfite. In this manner, the absence of methemo- 
globin in the original sample was assured. Spectroscopic analyses ruled out 
the presence of other abnormal pigments. One experiment (Blood No. 9, 
Table I) was performed on purified hemoglobin prepared by shaking washed 
Ted blood cells with toluene, centrifuging off the cell debris, and dialyzing 
the solution against distilled water for several days. The results are tabu- 
lated in Table I, and the values found by other investigators on differently 
prepared solutions are given for comparison. 


A. technique of using this apparatus is fully described by Hellmeyer . 
r Work herein reported, the apparatus was placed in an air-conditioned darkroom at 20 
1 ,;,. The spectroscope was calibrated by means of the sodium light and the arc spectra of 
thT “T;,rotasslum. and magnesium. The solutions were observed in both beams of light, and 
means of the observed extinctions were calculated. The depth of solution was 
the observed extinctions were between 0.50 and 1.50, which Kennedy found to be the 
range. The spectroscope objective slit was rwluccd to a minimum, and the portion of 
^ni observed was always loss than 4 m/i 
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a 

5 


5^4 • 


F = ChanRC In E at 63 1 mw on converting niethomoslobln to cyanmetUemosIobln. i? eiven for I em. in 100 c-c. of solution, 
obtainevl by ilctermlnlnj? F of 3 solutions at pit 7. A at 0.03 anti 0.27 J-I buffer. 



Aimis ; blood PKniKNTS 
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Tables JI and IJl slinw the results obtained with known solutions oi‘ 
niethemoglobin and oxyht'niojiloJjin. They were i)repai'ed hj' mixing definite 
amounts of two solutions wliose ox^dieinoglobin .and niethemoglobin contents 
were determined by tlic gasomotric carbon monoxide method of Van Slykc 
and Hiller.'*' Table III gives tlie results obtained by means of the difference 
in extinction before and after conversion of the mctliemoglobin to cyan- 
methemoglobin, wliile Table II gives the results obtained by means of 
“Hiifner ratio^’ for oxyhemoglobin and e3*anmotiicmoglobin. The former 
method is considerably move accviratc than the latter and has the advantage 
that the accuracy can bo jm2)roved by reading the extinctions in more con- 
centrated solutions when the amount of mcthemoglobiu is small. Both 
methods require few reagents, and many analyses can he carried out within 
an hour. 

Table II 


PETFRSfIXATIO.V OV ifKTjrEMOfJI.OniX By JlEAXS OP THE RATIO OP EXTINCTION COEmCIENTS 

AT 575 AND 5G0 m/t Aiteu Addition op Cyanide 


SOLUTION 

oasometeic 

CAEBON XIONOXIDE -METIJOD 

SPECTROPIIOTOJIETRIC METHOD 

TOTAL IIEMO- 
GLODIN 
(UM. 7r) 

METIIEMO 
CLOBIN 
(Oil. 9f) 

I’PR ('E.VT TOl.Vi. 
PIO-MENT 
PRESENT AS 
MnTIIEilOOL<»mN 

r..\T10 EXTINC- 
TION AT 575 TO 
500 xn/i 

PER CENT TOTAL 
PIOMENT 
PRESENT A8 
.MBTHEMOOLOBIK 

1 

ia.2 

o.a 

2.'5 

l.OG 



1S.5 

5.9 

31.9 

1.35 


3 

13.9 

1.0 

7.2 

1.59 

8.G 

4 

14.C 

1.7 

ll.G 

1.56 


5 

35.2 

2.4 

15.8 

1.53 

14.6 

0 

15.9 

3.1 

19.0 

'I.4S 

19.8 

7 

1G.5 

3.S 

2X0 

1.44 

23.8 

8. 

17.2 

4.5 

20.2 

1.41 

26.0 

0 

17.9 

5.2 

29 0 

1 .17 

Sl.O 


Table HI 


DprEr.^riNATioN op JIkthemoglobin by Cjianok in Extinition Upon Conversion to 
Cyan ji eti ie jiog lobin 


SOLUTION 

CASOMETRIC CARBON MO.NOXIPE .METHOD 

.SPE(’TI{()PaOTO.METRiC 

METHOD 

TOTAL HE.MO' 
CLOBIN 

(CM. %) 

5rETIIE.MO- 

GLOBIN' 

(CM. %) 

I'EB cent 

TOTAL 
PIGMENT 
PRESENT AS 
METHEMO- 
CLOBIN 

TOT.\L HEMO- 
GLOBIN 
(CM. %) 

METHEMO- 
GLOBIN 
(CM. 7o) 

PER CENT 
TOTAL 
PIGMENT 

PRESENT AS 

METHEMO- 

GLOBIN 


13.2 

U 

(1 

13.2 

1) 

0 

2 

18.5 

5.71 

30.S 

18,6 

5.55 

29.S 


13.9 

0.71 

5.1 

13.7 

0.71 

5.2 

4 

14.<) 

1.43 

9.7 

14.5 

1.41 

9.7 

1 

15.2 

2.14 

14.1 

15.3 

2.16 

14.1 

2 

15,9 

2.8C 

18.0 

15,8 

2.S0 

17.7 


16.5 

3.S7 

21.6 

1G.5 

3.63 

22.0 


17.2 

4.28 

24.9 

17.1 

4.29 

25.0 

— 

17.9 

5.00 

27.9 

17.8 

4.97 

27..9 


The procedure for sulfheiiioglobiu has not been checked because of the 
lack of methods. It would be pointless to cheek our method by means of other 
speetrophotometric methods which depend upon the same constants of Drabkiu 
and Austin. Gasometvie and other analytic methods are valueless for this 
purpose.” 
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SUMMARY 

The interrelationships, properties, and reactions of the eliniealiy impor- 
tant blood pigments have been reviewed. The methods for the determination oi 
sulfhemoglobin and methemoglobin have been presented and critically dis- 
cussed. Simple and accurate speetrophotoraetrie methods for the determina- 
tion of sulfhemoglobin, methemoglobin, and oxyhemoglobin in mixtures have 
been described. 
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containing varying amounts of calcium, phosphorus, iron, and copper. The 
basal ration had the following composition. 


Corn, yellow 

50 

Corn, white 

20 

Casein 

IS 

Lard 

5 

NaCl 

1 

Liver extract (Lilly) 

2 

CaCO, 

0-4 

NaH^O, 

0-1 

Thiamine 

100 micrograms 


Pereomorph oil was administered orall.v at the rate of 2 drops per week. 

Care was taken in the selection and grinding of corn to reduce the iron 
contamination to a minimum. Several attempts were made to purify the 
casein, but the method effective for the removal of the iron reduced the nutritive 
value of the casein. In the work reported, therefore, crude casein was used. 
The liver extract added some iron, but its use as a source of the vitamin B 
complex was essential. 



l.~Upper curves represent hemoglobin response: lower curves, growth. Bars repre- 
fTi. of total and available Iron in the livers. Levels of minerals m the ration were; 

re — 139 (ig per gm. and Cu = 9.5 ns per gm. 


The basal ration never contained more than 39 micrograms of available 
iron per gram. Additional iron to make the desired intake was added as 
ferric chloride or ferric pyrophosphate. The copper content was varied by 
the addition of copper sulfate. The calcium and phosphorus were added as 
calcium carbonate, and sodium dipho-spliatc, respectively. 

The animals were boused in draw cages with mesh bottoms of two squares 
to the inch. Feed and water were given in earthen dishes with aluminum 
guard covers to reduce waste. The animals were weighed, and the hemoglobin 
content of the blood determined biweekly. They were eontiniied on experiment 
for two weeks, at which time they -were killed by decapitation and their livers 
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removed for analysis of total iron by the method of Lintzeh", and available iron 
by the method of Borgen and Elvehjem^^. 


At the culmination of the experiment the pH was determined on thitt 
segments of the gastrointestinal tract of each animal. These segments were 
(a) the duodenum and one-half the jejunum, (b) one-half the jejunum anl 
the ileum, (e) the colon and the cecum. The segments were removed, their 
contents washed into a clean tube, diluted to 15 c.c., and the pH read on a 
Coleman pH electrometer. 


The effect of the calcium-phosphorus ratio on iron utilization when the 
iron and copper levels remained constant is shoum in Pig. 1. The only variable 
in these experiments was the calcium and phosphorus levels. Hemoglobin 
regeneration and iron storage in the liver were greatest on the lowest calciim- 
phosphorus ratio (0.45). As the caleium-phosphonis ratio was increased, there 
was a corresponding decrease in both hemoglobin regeneration and iron storage 
in the liver. Since these data are representative of the results in general 
more extensive data are omitted. It serves to show that within the range ot 
this study, phosphates have a stimulating and not an inhibitory effect upon 
iron assimilation. 


The rapid hemoglobin response obtained on the dry ration made it seem 
desirable to compare the hemoglobin response on this ration with that on 
mineralized milk. Results shown in Pig. 2 indicate that tire hemoglobin response 
on mineralized milli was greater than that on the dry ration ivhich had 
calcium-phosphorus ratios, hut less than that on the ration with the calcinm 
phosphorus ratio of 0.45. Growth on the mineralized milk used was definite.'' 
inferior to that on the dry rations. 

Since blood volume correlates roughly with the body weight in a ^ 
animal, it seemed possible that tlie I’ats on mineralized milk migl'l 
ducing less hemoglobin than a litter mate which grew more rapidlj, 
show a higher hemoglobin level. Since such a condition was not easih s 
by hemoglobin changes alone the following procedure was employed. 

The two places for storage of iron, wiiich have been shown to 
affected during the production and cium of anemia, are the hvei 
hemoglobin of the blood. Prom the standpoint of quantity, the 
accounts for the greater portion of the iron, hut the liver iron serves 
whether iron has not been assimilated or merely not converted to i o 

The amount of available iron consumed by the animal was 
analyzing the ration and multiplying by the amount of ration 
The amount utilized was determined as follow’s : , . 

, To determine the amount of iron used in tlie formation ^ ^ 

the levels of hemoglobin, as determined by analysis, w'ere j^gjj,QffIobin 

body weight, the blood volume, and the percentage of iron in t le 
molecule. An average value of 8.1 per cent was taken as the ) o 
of the rat, and 0.335 per cent as the amount of iron in 


hemoglobin- 


0.081 X Body weight x Hemoglobin level x 0.335 per cent — HeniOHiob’ 
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Subtracting tlie initial vahio from that of the final value would then give 
an expression for the change of iron due to the change of hemoglobin : 

Final Pc,,, - InUinl Fc.n =: A Fe„b 


To account for the change in liver iron it was necessary to know approxi- 
mately the level of iron in the livers of anemic rats, and what percentage of 
the body weight was represented by the liver. This was accomplished by 
analyzing livers from 2 rats taken from littcre at the time the remaining litter 
mates were started on therapy. Results were consistent enough to make such 
a method seem justified. For this reason, average values for total iron and per 
cent of body weight represented by the liver were employed. The final values, 
as determined by analysis, less the initial calculated values, expressed the rela- 
tive change in liver iron. 

Pinal liver weight X Level of liver iron - Initial body weight x 
5.83% X 17.5 ng/gm. = Change in liver iron. 



— Upper curves represent hemoglobin response; lower curves, growth. Bars repre- 
nnrf total and available Iron in the livers. Iron was fed at a level of 89 fiS per gm. 

hutt a level of 3.5 fis per gm. Arabic numerals adjacent to the hemoglobin curves 

inaicate the number of animals in the group. 


The change in iron due to hemoglobin formation plus the change in iron 
(lue to liver storage, divided by the available iron eaten and multiplied by 100 
represents the percentage utilized. 


A Fei„„ + A Fei.,mo,iobi., x 100 
J'ef.vaiiibi.) X gm. diet eaten 


= Per cent utilized. 


Table I summarizes the results obtained when this procedure was applied 
te the data shown in Pigs. 1 and 2 as well as the data from a number of 
other animals. The results indicate that the utilization of the iron on the diet 
containing Ca/P=1.87 to Ca/P=2.56 was approximately equal to that on 
rrnllv. "When, however, the calcium-phosphorus ratio was lowered to 0.45, 
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Die utilization of iron was markedly increased. There appears considerable 
latitude in the calciHm-phospliorii.s ratio over which llierc is little varia- 
tion in the utilization, especially in the range normally employed in rations 
(Ca/P=1.3 to 4.5). 

The effect which the calcium-idiosphonis ratio had on iron utilization is 
shown graphically in Fig. 3. This evidence, in addition to that presented 
in Figs. 1 and 2 and Table I, establishes tl«c fact tliat iron utilization decreases 
with the increase of the calcium-phosphonis ratio and that ma.vimum iron 
utilization occurs when the cnlcium-phosphorus ratio is less than that of whole 
milk. 



Pis. 3.— Iron level = 133 se per em Solid bars Indicate the rnnse of data where Cu = 

per am., lined bars where Cu = 50 ne per cm. (m the ration). Adjacent numerals In- 
mcate the number ot animals from which the data were obtained. 

The effect which the calcium-phosphorus ratio has on iron utilization in 
the presence of additional copper is also shown in Fig. 3. The results indicate 
that the higher calcium-phosphorus ratios might also be retarding the utilization 
of copper. The data are insufficient to warrant any conclusions at this time, 
kut work is being contiiuied in tliis labox’atoty to clieck this observation. 

The fact that calcium salts in excess make iron salts less available to an 
animal while phosphates have the opposite effect, indicated the possibility 
tkat there might he a difference in the pH of the gastrointestinal tracts of the 
animals. Results indicated little change in any segment of the tract except 
that of the colon-cecum segment. As is shown in Table I there was a marked 
lowering of the pH of the segment on the low calcium-phosphorus ratio. AVhen 
calcium was added to the ration, the pH was again established between 6.5 
und 7.2 which is in agreement with the observations of Robertson’^ who assigns 
to calcium the role of maintaining the pH of the colon at approximately 7.0. 

DISCUSSION 

The data here presented clearly demonstrate that high levels of calcium 
wrbonate retard iron utilization and that monobasic sodium phosphate has 


470 


THE JOHRNAE OF EABORATORY AND CLINICAL MEDICINE 


the opposite effect. That this was utilization and not merely liemogloHa 
formation was demonstrated, by the fact that both hemoglobin regenerate 
and iron storage in the liver increased as the calcium-phosphorus ratio di- 
creased. 

The danger of considering the hemoglobin level as the sole index of iron 
assimilation is evident when we consider the role copper plays in the regencra’ 
tion of hemoglobin. Copper does not influence the assimilation of iron kt 
functions in its conversion to hemoglobin. Using the hemoglobin level alone 
as an index of iron utilization would not be accurate if copper were lacking. 
Since the formation of hemoglobin is a relatively complex process, theav may h 
manj^ factors which will retard it, among them a high level of phosphorus. 

Day and Stein® studied the relation of calcium and phosphorus to iwn 
utilization on the low mineral ration of Orten, Smith, and Mendel. Thfv 
state “. . . in rats on a low mineral ration containing a relative excess of 
phosphorus, the mild polycjdheraia and anemia whicli occur are attributable 
to the presence of relatively excess phosphorus, and that the effect of ealciuin 
in preventing the hematopoietic abnormality resides only in its ability to buii 
phosphorus, thus permitting the dietaiy iron to be used for hematopoiesis 
instead of being excreted pr-esumably as a phosphate." 

There seems little doubt that they produced abnormal effects with extreme 
disturbances of the mineral level. For the most part, they used gi'cater «• 
tremes in the caleium-phosphoims ratios tlian we employed. Our data then 
are not directlj' comparable, but in light of the data which we obtained it 
seems possible that in their experiment the abnormality appeared not as a 
result of poor iron assimilation but rather as a result of some othei e « 
upon hemoglobin maintenance. 

Our results, together with those of otlier workers reviewed here, seem 
to indicate that witliin limits ordinarily reached in most diets, calcium impe 
the absorption of iron, while phospliorus has a stimulating effect. 


.SUMMARY 

1. A imtioii is deseribed which, when supplemented with iron and J 
gives equally as rapid groudh and hemoglobin regeneration in anemic r< 
mineralized milk. 

2. Studies on the calcium-phosphorus ratio indicated that a lox' 
phosphorus ratio was favorable to iron utilization since 

occurred at Ca/P == 0.45, rvith decreasing utilization as the Ca/P ra”® ® 
to 7.65. 

3. Studies on the pH of the intestinal tract showed that the prt 

of rats on a diet with Ca/P = 0.45 was distinctly lower (5.2 to 6. ) ^ ^2 

on diets with a higher Ca/P ratio in which the pH of the colon was 

4. The stimulating effect obtained with the higher levels of jpilk. 

that copper is not utilized as completely from such a dry ration as 

^ * •!* yH VjTT 

5. A method of expressing the precentage of iron utinzen . 
during therapj' is described. 
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TRANSFUSIONS AND POLYCYTHEMIA IN NORMAL AND 
TUMOR-BEARING RATS 


Frederick M. Allen, JI.D., New Y’ork, N. Y. 


ANY' of the familiar types of transplantable tumors of rats and mice, situ- 

ated most conveniently in a leg, may be subjected to asphyxia by tempo- 
rary ligation of the leg, with two chief results: (a) dark hemorrhagic con- 
gestion of the tumor in contrast with the bright reactive hyperemia of the 
normal tissues after release of tlie ligatiu'e; (i)) extensive necrosis of the tu- 
mor, sometimes to the point of actual cure, wthout permanent damage of the 
normal tissues.' As the cause of the tumor death evidently consists in the 
vascular or inflammatory reaction,' inquiry is naturally turned either to in- 
tensifying this result or producing it by some other means. One possible 
factor for consideration is the increased corpuscle content and viscosity of 
the blood following such ligations.' It is conceivable that the desired effects 
may be assisted if the corpuscle content be still further increased, and perhaps 
also if the reduced blood volume resulting from ligation be changed to an in- 
creased blood volume. 

Such a change is opposite to the usual anemia of cancer. The latter, 
however, is not invariable, for normal blood counts are possible with early 
cancer and sometimes in the later stages.-* On the other hand, clinical poly- 
cythemia offers some highly suggestive facts, since in the severe form it often 
leads to stasis and consequent ulceration or gangrene in the extremities or 
ether places of sluggish circulation.® Assuming that the makeshift ciroula- 

Recclvea for publication. May 20. 1939. 
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tion of tlie tumor stroma constitutes a vulnerable point'in tbe vascular srsttn 
it becomes probable that polycythemia will intensify the effects of ligafe 
and may possibly set up a spontaneous process of similar character. Es. 
courag’ing in this connection is the well-luiown fact that spontaneous recessions 
in tumors are often initiated by the occurrence of liemoniiages and infilfra- 
tions. These theoretical suggestions are not altogether supported by an in- 
quiry into the possible incompatibility of cancer and polycythemia, because 
the actual combination is sometimes repoi'ted in clinical literature.® Tie 
rarity of this association, however, still permits the speculation that it exbts 
only with special tumoi's or under special conditions, or that there may (le 
some degree of true antagonism which may be utilized therapeutically. A 
rather long and extensive, investigation will be reported here onb" in brief 
outline, presenting some new observations on both normal and tunior-bearisg 
rats. 

NORMAL CONTROLS 

Rats, weighing between 100 and 200 Gm., will often tolerate haiishisiom 
of as much as 10 to 15 c.e. of heparinized blood, or 20 to 25 c.c. may sometiniK 
be given in one day if divided into 2 or 3 injections. A large series of experi- 
mental findings may be summarized as follows : 

1. Toung rats, not fully groivn, are sometimes exceptionally sensitive to 
transfusions and die either immediately or within a short time after recehing 
as little as 2 or 3 c.c. of blood. No investigation of blood groupings' mis mode. 
Some special peculiarity seems to exist in these animals, wliile, on the other Iw'id, 
the high tolerance of adult rats generally holds good for blood from otber 
strains, including colored rats. 

2. Acute death from excessively large transfusions never occurs by 
failui'e, but always in one of two forms; (a) Apnea. This is adcquatelj rx 
plained by the intense pulmonary congestion at autopsy in such cases. B""* 
can also be proved that a needle inserted quickly in the heart or a jugulai 'f® 
can withdraw more blood than was injected, so as to I’elieve all pletliora 
all visible pulmonary engorgement ■while the lieai't is still heating, 
respiration or life is not restored, (b) Liver congestion. This is a remarka 
phenomenon, occurring especially in rather young rats. It is evidentlj not 
to anj^ chemical factor but strictly to the quantity of blood. When a eei 
limit of injection is reached, the liver becomes rather suddenly S'^'O 
tense, so that it is plainly palpable like a liard ball llirough tlie 

This condition is confirmed at autopsy, xvhen the congestion in the 
other viscera is found only moderate, and the spleen (except in one 
instance) is found noticeably small and free from congestion. 
full amount of injected blood, or even more, can be withdrawn by 
tion of the heart or a jugular vein while the heart is still beating- 
swelling and all plethora elsewhere can thus be completely I’cheve , ^ 
is not prevented. A few trials of epinephrine were also nnsuccessfn . 

(a) or (h) there is no striking congestion in the brain or spinal cor . 

3. After transfusion of too much blood, in either single or 
tions, death occurs after a number of hours or days from pulmonary con^ 
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or pneumonia. The s)nnptoms arc weakness and small quantities of blood- 
tinged fluid about the nares, cvidentlj- indicating pulmonary edema. Only a 
few hours after an e.\ccssive transfusion the lungs may be in a state resembling 
red hepatization. The slower deaths following smaller or divided transfusions 
are explained by varying degrees of pulmonary congestion, edema, and pneu- 
monia. 

4. Less numerous transfusions were given of separated corpuscles or plasma. 
■Without precise quantitative comparisons, it can only be stated that the ani- 
mals tolerate a somewhat smaller quantity of corpuscle sediment and a slightly 
larger quantity of plasma than of whole blood. The ultimate results are similar, 
except that with corpuscles the congested lungs and other viscera are found very 
red and with plasma very pale. A similar state of fatal pale pulmonary con- 
gestion is also produced by repeated infusions of artificial plasma made with 
gum acacia. 

5. Transfusions of 5 to 10 c.e., repeated at one-, two-, or three-day inter- 
vals, are tolerated by different rats for about 4 to 7 times. Death then comes 
from the lungs as above described. In this way, the most resistant rats can 
be kept for two to three weelcs in a state of plethora with red blood cell counts 
of 12 to 14 million, with eyes noticeably red and bulging, and with skin per- 
ceptibly pink and reddening excessively on slight irritation. 

Ligations of Logs . — According to the purely mechanical theory of shock, 
plethoric rats should bo able to endure longer ligations than normal animals. 
The opposite is true, however, since the plethoric animals are liable to die 
within four or even three hours of ligation of one hind leg, evidently because 
of subnormal general strength. Congestion in the ligated limb is obviously 
increased. 'When the tourniquet is placed low enough to avoid fatal shock, an 
increased tendency to gangrene seems demonstrable with sufficiently long 
ligations, but the’ time lindts were not accurately determined. 

TU.MOR EXPERtMEKTS 

The following is a brief summary of results of over 100 experiments, com- 
prising all three types of rat tumors used (Crocker sarcoma No. 39, Me-xuer- 
Jobling carcinoma, and Walker tumor), and single or repeated transfusions, 
generally of whole blood but of corpuscle sediment or plasma in a smaller 
number of eases. 

Sufficiently large transfusions can of themselves produce extreme conges- 
tion in tnmors, apparently more marked than in the lungs or any other or- 
gans. An important distinction is that this congestion is often followed by 
extensive necrosis in the tumors, but never in any normal organ. These 
effects are greatly increased by comparatively short ligations, of one-half to 
three hours. Such treatment readily produces complete sloughing of the tu- 
Mor as far as can be judged by gross examination, while the normal leg tis- 
sues react with only moderate inflammation. Plasma, whole blood, and cor- 
puscles form an ascending series for the production of all the above changes. 
Permanently curative results could not be judged because all animals treated 
sufficiently to cause apparently complete necrosis of tumors died within a 
few days from shock or pulmonary congestion. Because of the seemingly en- 
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DOBS HEMOLYTIC STREPTOCOCCUS INFECTION OR SULFANILAMIDE 
AFFECT THE ALPHA HEMOLYSIN OP SERUM?* 


Emily May Bixby, Ph.D., Wrenth.ui, Mass. 


/CERTAIN observations have been made in the course of routine tests whicl 
^ I feel should be called to the attention of the medical profession andpaL 
ticularly to the notice of those ivho specialize in serologic and immunologic 

studies. • .,,11 

In routine blood grouping practice, rapid hemolysis of incompatible cdls 

without agglutination is not commonly encountered. Since Moss clanging 
work,^ emphasis has been placed on the agglutination. Accordingly, m pie- 
paring for transfusions hospital laboratories usually group the donors cm 
by observing them in certified strongly agglutinating sera types A h, an . 
Then major and minor cross matchings are made with donors am 
of the same group. Thus the action of the donors’ and recipient s sera 
compatible cells is not ordinarily observed. ^ 

Moss^ wrote in 1910, referring to hemolysis, “In regard to ® 
ship existing between isoagglutinins and isohemolysins, I may . 
glutination frequently occurs independently of hemo ysis u ‘ 
relation occurs, i.e., hemolysis without the simultaneous oi pi 
rence of agglutination seems less likely. ^ 

“As a rule, however, agglutination proceeds ^ l^otli a?- 

hemolysis, and by observing the action of a serum, vhic i coi 
glutinin and hemolysin, on susceptible corpuscles, one place; 

glutination set in which is subsequently broken up as j,i a case 

so that if the observations are not made until the lapse o ^ the 

where the hemolysin is not quite sufficient to dissolve place 

corpuscles present, we may get the appearance of hemolj sis a o 

without agglutination.” _ empha®'® 

In 1927 J. Buren Sidbury= remarked that, “• • - too aPout in 

been laid on hemolysis in blood matching . . . hemolysis is ,, gg ob- 

the usual routine of blood matching, since it occurs so i jq times in 

served hemolysis without simultaneous or preceding agg u iim 
tivo years while matching bloods for transfusions. 

According to Stitt," agglutinins and hemolysins are sepaia 
and hemolysis is not necessarily preceded by agglutination. ^ 

For the convenience of readers the different gjpeation tbe 

groups are tabulated. In the Landsteiner or Internationa 

•From the Research Department, Wrentham State School. V r 
Received for publication, May 22, 1939. 
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capital letters represent inherited dominant agglutinogens of cells. Cor- 
responding active agglutinins (or hemolysins) of sera are indicated by the 
small Greek letters (Bernstein^). 


Jansky classification 

IV 

II 

III 

I 

Moss classification 

I 

II 

III 

rv 

Landsteiner classification 

AB 

A 

B 

0 

Active agglutinins 

- 


a 



Cell suspensions of customary density were obtained for the blood group- 
ing tests, described herein, by mixing a drop of fresh blood with about 3 c.e. 
of a solution of 1 per cent sodium citrate in physiologic saline. A drop of 
the suspension was mixed with a drop of the serum to be tested on a cover 
glass and inverted over the vasclinc-rimmcd hollow of a hanging-drop slide. 
The preparations were rocked back and forth several times to insure mixing 
before being examined under the microscope. Since all sera were tested be- 
fore chilling, although some were also tested after being in the refrigerator, we 
are not here concerned with “cold agglutinins” or “cold hemolysins.” 

At this point it may be well to describe the degree of hemolysis ordinarily 
encountered. The effect of 8 sera from known group 0 individuals on known 
group A cells from four sources were studied. Agglutination started in all 
preparations in from one-half to two minutes and was moderate or marked in 
one and one-half to three minutes. There was no hemolysis in G, and only the 
ordinary slow hemolysis in 2G of the 32 preparations. The hemolysis usually 
began in three to ten minutes, but sometimes not until after one-half hour. It 
was usually veiy slow, but in some cases it was moderate. In all preparations 
the microscopic field was filled with cells after one-half hour and there were 
many clumps, usually heavy and fused but sometimes loosened. The picture 
was usually the same after one or one and one-half hours longer, but in a few 
instances moderate hemolysis dissolved enough of the cells so that there were 
as few as 40 cells after one and three-quarter hours. The number of cells 
remaining after a specified time seemed to depend on the density of the cell 
suspension and the amount of serum used. 

AVhen these 8 known group 0 sera were similarly tested with group AB 
cells from two sources, agglutination was moderate or marked in two minutes, 
and slow hemolysis, present in all preparations, began in five to ten minutes. 
Here again all fields were crowded or moderately filled with cells and showed 
heavy clumps after one-half hour. 

Three instances of very rapid specific hemolytic action with very little or 
no agghitination by sera of group 0 patients, who had received sulfanilamide 
therapy for beta hemolytic streptococcus infection and low grade bacteriemia, 
are presented. 

Case 1. — 22-year'Old group 0 wale attendant was diagnosed as having a beta-hemolytic 
streptococcus bacteriemia and treated with very high dosages of sulfanilamide. 

Culture of exudate from an infected finger on the day of admission was positive for 
teta hemolytic streptococci; blood culture showed gram-positive cocci in chains one hour 
after inoculation of the broth but it was negative after twenty-four hours. Subsequent 
blood cultures on the seventh and eighth days were negative. 
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Daily sulfanilainiile therapy was begun on the day of admission. The blood lere! fo 
free sulfanilamide increased from 4.8 mg. per cent on the seventh day to SS.4* mg. on ft: 
eleventh da}', and then decreased to 6.7 mg. on the seventeenth day. It was 2.3 mg. on tie 
eighteenth day, at which time it was discontinued. • • 

On the eighth day the blood sugar was 148 mg. per 200 c.c. and the nonprofein nitrojen 
was 43 mg. per 100 c.c. On the eleventh day the nonprotein nitrogen was 45 mg. per 100 t.r, 
The white blood cell count rose from 9,400 per e.mm. on the day of admission to 23, 5W 
on the fourteenth day, and then decreased to 5,500 by the nineteenth day, slaying at (Ih 
level until the thirtieth day when it was 7,600. The red blood cell count decreased iron 
4,010,000 per c.nira. on the day of admission to 3,380,000 on the fourteenth day and 2,360,35? 
on the nineteenth day, then it increased steadily to 4,090,000 by the thirtieth day. 

The urine showed a slight trace of albumin and a slightest possible trace of sugar on tie 
day of admission. Subsequently no sugar was found. The albumin varied from ncgslirc 
to trace or heavy trace, at which times a rare hyaline or finely granular cast was fouiKi isite 
.sediment. A slightly positive foam test for bile was noted on the eighth day only, Brisah* 
on the thirtieth and thirty-second days were essentially negative. 

No transfusions were given. 

The patient was dismissed from the hospital ward on the thirty-first day. 


On the eightli day of the patient’s illness, while he was receiving sulfa- 
nilamide therapy for liis streptococcic infection, a preliminary determination 
of his blood group was made by the method of major and minor cross-matdi- 
ings, with known grotip A cells and serum. In five minutes the group A ce s 
which had lieen mixed tvitli the patient’s serum were not to be found. Then it 
was observed that not only did this serum hemolyze group A cells very raP' ^ 
but it did this without any observable agglutination. Under the mieroseope 
the individual cells were seen to diffuse, shrink, and disappear in about 
minutes. Since, in addition, in the minor matching the group A 
agglutinate nor hemolyze the patient’s cells, his blood was class! e 
type 0. This grouping was confirmed on the seventeenth day by t ® 
agglutination of the patient’s cells in certified tj^iing sera A, B, and 0. 

The blood grouping properties were studied further eighty-niafi 
after the first day of illness which was seventy-one days after discon 
of sulfanilamide therapy. TJie patient’s serum again rapidly 
without noticeable agglutination known group A cells from 
hemolysis beginning before two minutes and practically complete m 
utes. It similarly hemolyzed loiown group AB cells from two jp. 

minutes. However, Group B cells from two sources were not hemo }Z 
stead the usual rapid agglutination took place, beginning be ore 


utes and marked in five to six minutes. ■ ' 

. Similar blood group characteristics were observed on the gglls 

day, eighty days after cessation of sulfanilamide therapy- The pa 
were again tested in certified sei’a of types A and B. Since no 
nor hemolysis took place during one hour, the blood was ^ ijg from 
long to group 0. The patient’s serum still hemolyzed known 

- *Dr. K. V. Quinn wislie.s to point out tliat at one time 
was receiving the excessively liigh dosage of 240 grains of the 

the blood level reached 2S.4 mg. for two daj-s. ^ bioia ceil ra*'"*- 

steadily with no unfavorable results except for the 2,360,000 red bi 
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two sources and known A cells from two sources without agglutination, the 
hemolysis beginning in one minute and complete in five minutes, except for 
one cell left in an originally crowded field. As before there was no hemolysis 
of known group B cells from two sources even after thirty to forty minutes, 
the iisual agglutination beginning in one minute and marked in two to four 
minutes. There was no evidence of agglutination or hemolysis of knoum 
group 0 cells from tu'o sources during eightj' minufes. 

One month later, on the one hundred and twenty-sixth day, about three 
and one-half months after the sulfanilamide liad been discontinued, the 
hemolytic action was still marked but tended more toward normal. In one 
to two minutes there was a slight tendency to agglutinate in 2*s and 3’s 
group AB cells from two sources and group A cells from four sources, but 
these clumps were soon loosened and broken up by the fairly rapid hemolysis. 
This began in about three minutes and finally left in the microscopic field 
only from 10 to 100 AB cells in twent}’ minutes and from 0 to 200 A cells in 
six to twenty minutes. ‘The ofCeetivoness of the hemolysis now seemed to be 
more dependent on the density of the cell suspension, the proportion of serum, 
and the source of the cells. As before, the normal agglutination of group B 
cells from two individuals took place without hemolysis. There was no ag- 
glutination or hemolysis of known group 0 cells from two individuals during 
one hundred minutc.s. 

Case 2 . — The second patient a group 0 female undjfTcrentiated Jiigh grade moron, 
23 years of age, suffering from a beta hemolytie i^treptococcir infection of the knee and a 
low grade bacterieaia treated with sulfanilamide. 

Two days after admission blood culture showed gram*po«itive cocci in pairs. Operation 
was performed on the seventh day. Culture.* from the wound were positive for beta hemolytic 
streptococci. On the eighth day blood culture was positive for gram-positive cocci in pairs 
and short chains. Another operation was performed on the twenty-third day. Blood cultures 
taken on the twenty-third and forty-fifth days were negative. 

Sulfanilamide therapy was started on the twcnty-fourtli day. The blood sulfanilamide 
level was 5.4 mg, per 100 c.c. on tlie twenty-fifth day and increased by the thirty-first day to 
12.3 mg. where it remained for three days. It fell to 7.4 mg. on the thirty-seventh day, but 
increased again to 12.5 mg. by the fortieth day. On the forty-first day, when sulfanilamide 
treatment was discontinued, the blood level was 9.7 mg. per 100 c.c. No sulfanilamide was 
found in the blood on the forty-fourtli day. 

The blood .sugar was 140 mg. per 100 c.c. on the evening of admission. On the third 
day the fasting blood sugar was 127 mg. per 100 c.c. On the eighth day the fasting blood 
sugar was 110 mg. per 100 c.c. and the nonprotcin nitrogen was 31 mg. per 100 c.c. 

The urine showed a .slight trace of albumin and a slightest possible trace of sugar the 
morning after admission. Thereafter the sugar was negative and the albumin was either 
negative or slightly positive. On the eighth day an occasional hyaline or coarsely granular 
cast was found in the sediment and the foam test for bile was slightly positive. 

The remaining clinical data seemed irrelevant, and since they will probably be published 
in another connection, they are omitted here. Tlie patient was still convalescing on the one 
hundred and second day. 

On the twenty-fifth day, one day after sulfanilamide therapy for the strep- 
toeoocus infection had been started, the patient’s blood was typed for trans- 
fusion. Since her cells were not clumped in certified sera of groups A, B, and 
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0, she belonged to the 0 group. Similarly, her mother and her stepfatkr 
were found to belong to the 0 group. Major and minor eross-matehings of 
the blood of these donors with that of the patient showed complete com. 
patibility, only harmless, slight but definite rouleau formation being observed 
in repeated preparations of the poatient’s serum and the donors’ cells. On this 
twenty-fifth day transfusion was done using the mother’s blood with favor- 
able results. Blood from the stepfather was also taken and stored. 

As a matter of interest the patient's serum before transfusion to 
matched with known group A cells. Surprisingly, in this case too there ivas 
observed no agglutination but rapid hemolysis complete in a few minutes. 

On the thirtieth day the patient’s serum was again matched with the cells 
of the stepfather’s preserved eitrated blood of five days before, and as before 
there was only definite rouleau formation. Satisfactory transfusion was done 
using this blood. 

On the forty-fourth day fresh blood from the mother was found to he 
compatible with the patient’s blood and another transfusion was given using 
this donor. 


On the sixty-third day, twenty-two days after tlie sulfanilamide was dis- 
continued the blood grouping properties were again studied. T)ie patient s 
serum rapidly hemolyzed known group A cells in seven to ten minutes u iihont 
apparent agglutination. It also hemolyzed group AB cells in two to seven 
minutes without agglutination. It agglutinated group B cells in the usua 
fashion, however, no hemolysis being obseiwed during twenty minutes. 

Blood grouping characteristics were observed further on the seventy-thW 
day. As before, the patient’s cells were neither clumped nor hemolyze in 
certified group A and Group B sera, again indicating that she belongc to 
0 group. Her serum hemolyzed known group AB cells from two 
known group A cells from two sources without agglutination, hemolysis s < 
ing in one minute and practically complete in four to seven 
this serum agglutinated known group B cells in the usual 
in one to two minutes and becoming marked in three minutes. ii® 
however, the ordinary slow type of hemolysis of the group B ^ 

to accompany the ordinary agglutination. It began in about two 
utes and continued so slowly that after one-half hour there were s i 
and about 500 cells in the field ; after one and three-fourths hours ei 
clumps and about 100 cells ; after three hours about 15 single eel s 
This was evidently the common type of hemolysis due to the ^ ^ 

and very different from the rapid hemolytic action of the group 

. anfi 

One month later, i.e., on the one hundred and second day gj-gup 

two months after the snifanilainide had been discontinued, the o 
characteristics tended a little more toward normal. Now theie va 
moderate clumping of AB cells from two sources in one to the 

minutes, but hemolysis began in two and one-half minutes, uism 
clumps and dissolving the cells so that in twenty minutes on y 
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^ve^e left iu a field ovigiually croNvded. Similarly, when the serum ^yas 
matched with group A cells from four sources there was a very slight to mod- 
erate clumping in one-half to one minute, but hemolysis started in one and 
one-half to two minutes, loosening the clumps and dcstroj'ing the cells so that 
in eleven to seventeen minutes only 1 to 5 cells remained in the field. As be- 
fore there was the usual agglutination of gronp B cells from two sources, 
this time ndth practically no hemolysis. There was neither hemolysis nor 
agglutination of known group 0 cells from two individuals. 

Case 3 .- — A third case is that of a 14-yoar-ol<l group 0 female familial low-grade moron. 
Throe days before admission she hod been confined to bed with an acute follicular tonsillitis. 
On the day of admission, the fourth day of her iWness, bet axilla temperature rose to 103.S'‘ F. 
and &he had severe chest pain. She was diagnosed as having a beginning streptococcus 
pneumonia and she was treated with sulfanilamide. 

Blood culture, taken on the seventh day of illness, was positive after seventy-two hours 
for rare gram-positive cocci occurring singly and in pairs. 

Sulfanilamide therapy was started about 12:01 a.m- of the fifth day and discontinued 
the thirteenth day. The blood levels were 11.8, 9.9, 12.5, 11 1, 4.7, C.l, 4.C, 3.2, 1.5, and 0.5 
mg. per 100 c.c. from the fifth through the fourteenth days, respectively. 

The red blood cell eount varied during tlic illness between 4,200,000 and 5,270,000 per 
c.mm. The white blood coll count was 13,050 per c.mm. on the fourth day and rose to 17,500 
on the eleventh day but decreased to 7,800 by tho fourteenth day. The urine was essentially 
negative except for a very slight trace of albumin. 

The patient showed steady improvement under treatment and was discharged on the 
nineteenth day. 

In this case the illness was not so grave and the sulfanilamide therapy 
was not so long continued as in the previous 2 cases. Nevertheless, a definitely 
increased rate of hemolysis of group AB and group A cells by this patient ^s 
serum was also seen. 

Her blood group characteristics were studied on the fifth day of illness 
and only 15 hours after the first dose of sulfanilamide. The cells, observed 
during two and one-half hours, did not clump in certified sera types A, B, 
and 0, and the patient, therefore, belonged to group 0. Although her serum 
began a moderate agglutination of known group A cells in one minute, rapid 
hemolysis started in one to two minutes, disintegrating the clumps and com- 
pletely hemolyzing in four to five minutes all the cells in a previously crowded 
field. Similarly, this serum began a moderate agglutination of group AB cells 
from two sources in one minute, but rapid hemolysis started in one and one- 
half to two minutes, disintegrating the clumps and completely hemolyzing 
in four to six minutes all the cells except one in a previously crowded field- 
Matching with known group B ceils from two sources resulted in the usual 
^Eglutination, beginning before one minute and marked in two to three min- 
utes, vdthout noticeable hemolysis. 

Four days later, on the ninth day of illness and after five days of sulfa- 
nilamide, her serum showed a slight agglutination of AB cells in one-half min- 
ute but hemolysis began in one to two minutes disintegrating the clumps and 
dissolving the cells so that in six to fourteen minutes there were only 1 to 20 
cells left in the microscopic field. The number of AB cells remaining ap- 
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pareutly depended somewhat on the density of the cell suspension and tie 
amount of mixing motion given to the preparations. This serum also started 
to agglutinate known group A cells from one individual in one to one and 
one-half minutes but rapid hemolj'sis set in in one and one-half minutes, dis- 
integrating the clumps and dissolving the cells so that after six to fifteen 
minutes only 1 to 7 cells remained in the field. There was only a very slight 
tendency to clump A cells from another individual, rapid hemolysis dissolving 
all the cells in three minutes. The action on group B cells from two sonrets 
was the usual agglutination without hemolysis. On group 0 cells from two 
sources there was no e:ff ect except for slight rouleau formation. 

On the twenty-second day, nine days after discontinuance of the sulfa- 
nilamide, the hemolysis was still somewhat rapid. The serum began a .slight 
to moderate clumping of AB cells from two sources in one-half minute, but 
hemolysis started in two minutes, broke up the clumps, and left only 2 to i 
cells in the field after nine to fifteen minutes. However, with an exceptionally 
heavy cell suspension, about 50 cells remained, showing that the hemolysis was 
neither so strong nor so rapid as to be independent of the number of AB cells. 
The action of this serum on known A cells was similar. In one-half to one 
minute there began a slight tendency to clumping which became more marked 
in the succeeding minute. Howevei*, rapid hemolysis set in in about two min- 
utes, breaking up the clumps and dissolving the A cells so that in six to 
thirteen minutes only 1 to 6 cells remained in previously crowded fields, s 
before, group B cells from two sources were clumped at once without eddence 
of hemolysis. There was neither agglutination nor hemolysis of group 0 * 

from two sources during one and one-half hours. 


DISCUSSION 

This rapid hemolysis by sera of group 0 patients having beta 
streptococcus infection treated with sulfanilamide is evidently very c ! 
in degree at least from the ordinary two-hour hemolysis mentioned h} 
Inasmuch as it is specific for cells containing the A agglutinogen, since 
group AB and group A cells are thus hemolyzed, it is probably assoeialec^ 
the alpha agglutinin of the serum. In this connection it is of inteies 
the serum of a group A patient who had been treated with 
showed no unusual blood grouping jiroperties. This is consistent with 
going, since the alpha agglutinin in group A serum is inactive. Uiifor- 

Interpretation is, of course, impossible with only 2 or 3 eases. 
tunately, blood grouping tests were not made before the 

j-as observe 


suKanilamide. However, the definite though temporary 


mg the somewhat less rapid and less complete hemolysis, which wa- 

thi’ce montns.i 


in the third case and also in the other two cases two or 


actio” 


cessation of sulfanilamide therapy, suggests that the rapid not 

is probably' not normal for these individuals. Moreover, it 

ould 


due to the infection alone, since then the phenomenon 
noticed long ago. A glance through recent literature reveale' » 


jiientio” 
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of such increased group-specific heuiolytic action of serum due to infection. 
■\Vunsche® did not mention it in a paper on the relation bct-ween the blood 
group and the hemolytic power of streptococci. Therefore, it seems more 
logical to assume that the effoet is due to the action of sulfanilamide on the 
alpha hemolysin. 

For some time Avorkers have sensed that there might I)e some connection 
between the blood groups and snseeplibiJity or immunity to disease. Alex- 
ander® thought that the tendency to malignant disease depended on the blood 
group, but this was denied.’ 

A few published oI)servations point to an immunologic peculiarity of the 
alpha agglutinin. Stra.szynski'' in 1025 found that the Wassermaun reaction 
was related to the blood grouji, group AH having 2.4 times as many positive 
IVassermann reactions as group 0. lie concluded that the rapidity with 
which the AVassermann reaction disappears under the influence of anti- 
syphilitic treatment is a constitutional property existing in correlation with 
the blood group. 

Hirszfeld, Ilirszfeld, and rirokman” found tliat the susceptibility to diph- 
theria, as indicated by the Schick test, is inherited conjointly with the blood 
properties and must also depend on constitvUional characters. They stated 
that infection or immunization can mobilize unrevenled immunologic forces 
and can accelerate the process of changing from Scliick positive to Schick 
negative, hut that this is dependent on the constitutional inherited capacity 
of the individual. 

Balgairies and Christiaens’®* found a remarkable elevation of agglutinin 
auti A after injection of diphtheria antitoxin and of tetanns antitoxin, which 
diminished progressively to a stable level in six months and which they at- 
tributed to the presence in the antitoxin of a substance having the same nature 
as agglutinogen A. 

An analogous explanation for the cases described herein would be that 
sulfanilamide is related to agglutinogen A and that in the body it stimulates 
formation of the anti A or aliflia hemolysin. However, the action may be more 
indirect through an influence on tlie liver, kidney, or bone marrow, etc. ; or, 
since with physiologic saline there is said to be potentiation^^ of the bac- 
tericidal effect of this drug, perhaps its action is catalytic. It may thus upset 
a balance of hemolytic-agglutinative activity in favor of the hemolysis. In this 
connection it is of interest that in Cases 1 and 2, when hemolysis without ag- 
glutination was substituted for agglutination in the scheme for determining 
the blood group, the result agreed with that found when only the cells were 
tested in certified sera. This supports a theory of the interdependent action 
of hemolysin and agglutinin. 

Further study of the facts relating to this hemolysis may eventually lead 
to interesting practical and theoretical conclusions. For instance, such a 
study may help us to understand and to prevent certain unfavorable trans- 
fvision reactions ; it may explain the cui*ative action of sulfanilamide as well 
as its now unpredictable toxicity for some patients and its ineffleacy for 
others; it may give us a clearer picture of the mechanisms underlying the 
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action not only of sulfanilamide and perhaps of antisypliilitics and other diem- 
icals, but even of immunizing preparations. However, the aim of this paper 
is neither to add to the list^^ of conjectures as to the mode of action of sulfa- 
nilamide nor to interpret the findings presented. It is merely intended (1) io 
record the facts of rapid group-specific (anti A) hemolysis with little or ue 
agglutination by sera of three group 0 patients having beta hemolytic strep- 
tococcus infection treated with sulfanilamide; (2) to point out the possiWc 
theoretical and practical importance of these facts ; and (3) to request that 
physicians in general hospitals ivill likewise report the effect of sera of their 
patients, especially of group B and group 0 patients, on cells of the different 
groups before, during, and after sulfanilamide therapy. 

I am grateful to the laboratory and medical staffs of the Wrenthani State School for 
their advice and assistance. 
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VITAJIIN A DEFICIENCY IN DISEASES OF THE LIVBE: ITS 
DETECTION BY DARK-ADAPTATION METHOD* 


Michael G. Woiil, JI.D., and J. B. Fei.dman, JID., Philadelphia, Pa. 


T here is consitlerable evidence that the liver plays an important role in 
regulating the concentration of vitamin A throughout the bodj-. "We are 
indebted to Moore' for stre.ssing tills point and for demonstrating the liver 
to be the chief depot for vitamin A storage in man. This has also been shown 
experimentally by Sherman and Bojniton.'' 

The experimental work of Simoiinct and Bonsson' and Oleott and McCann* 
would indicate that the conversion of carotene, the precursor of vitamin A, is 
effected in the liver, presumably, by an enzyme called carotenase. However, this 
conversion in man is not essential when vitamin A is provided in the diet. 

That the mctaboli.sm of vitamin A is linked with the hepatic system may 
bo illiLstrated b.v the occurrence of signs of avitaminosis A in some patients with 
prolonged jaundice, despite the fact that their diets are quite adequate in 
vitamin A content. Thus, Altschule' found microscopic evidence of x-itamin 
A deficiency in 6 out of 11 patients suffering with severe and protracted 
jaimdioe due to eongenital atresia of bile duets. The association between 
hepatic disease witli jaundice and vitamin A deficiency is further illustrated by 
the observations of Blackfan and Wolbach* and Owen and Hennessey.' They 
found epithelial metaplasia in certain tissues in spite of the fact that the patients 
received an amount of vitamin A in their diets considered sufficient for the pro- 
tective needs of the body. It is probable that the manifestations of avitaminosis 
A were conditioned by defective utilization, storage, or absorption of vitamin 
A, or its precursor, carotene. 

When the parenchyma of the liver is injured, a disturbance in its function 
is to be expected. Early clinical features of vitamin A deficiency in such 
pathologic states may be overlooked; they occur irregularly and incon-stantls', 
before definite ocular changes develop. The eye changes (xerophthalmia, 
etc.), as is generally held, occur in the advanced stages of the disease. 

The early recognition of vitamin A deficiency in the course of liver disease 
assumes practical importance, particularly since parenteral administration of 
vitamin A has become available recently. The liver is loiown to be instrumental 
m the formation and storage of the other vibamins, particularly Bj and B^ com- 
plex, and vitamins C and D, It is also claimed that the presence of vitamin A 
in the liver enhances glycogen storage.® 

The puiTiose of this investigation was to determine the early occurrence of 
avitaminosis A in patients with hepatic disease, measured by dark adaptation 

•From the Philadelphia General Hospital and the Temple University Hospital. 

Heceived for publication, June 5. 1839. 
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Table I 

SuMiiABY OP Findings in Cases With Liver Disease 
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2 months 177 Calculus in the Blood sugar, 87; urea N, 12; .Tauntlico progressively worse for past 2 months. 

common duct ict. index, 80 X-ray of stomach and intestines negative 
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scribed elseirheie ” inth the A in a darkroom hy the method do 

ot ns CP.) . ^s'-tean Optical Co. instrument derised fa- «« 

Material.- T]ij§ , , 

^iistoi'.r, physical exaimnaticn!^'^^^ on a study of 25 persons. Carefii! 

made on eaeli patient. TJm and laboratory studies rrere 

t.^'pes of Jirej. disease as stnHi'o i uu.selected and repre.sented various 

PJtal and tlie Temple Univp, •? “Ir* P^MelpUa General Hos- 

" eisity Hospital during 1938 and 1939. 


results 


Thirteen patients findings in these patients is given in TaWe 1. 

in this group gave a histor^'^^ li^er mere examinedl, Sixpatieflis 

imd a hi.story of syphilis Ricoholism, and 3 ivith a plus 4 Wasseraiana 

Patient E. (J.’jjj ^ j', , 

series. Hei’ hepatic sympto the only case of biliary cirrhosis in oar 

to a chronic cholecystitis jears’ duration and u-ere secondary 

damage. function tests shomed moderate hepatic 


Iji pstiejits ’witli T " 

Rseites in all eases. The ^^'^'crs were hard and palpable, iridi 

idayed varying degrees of in Table I, column T.dh- 

Seven patients showed damage. Jaundice was absent in 4 patient'- 

(icterus index IS) to a diff from a slight icteric tinge of the seJeme 

patients the icterus inrl^v ■’^"“diee of the body (icterus index II5). I" 2 
i, fa .i^termtoerl, 

liver eai! be made du'rino'l''f ^ '**- ®^^hfe diagiiosis of cirrhosis of Ihf 

1 e On y by biopsy, in this group the history and tb'^ 
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course of the disease, coupled with tlie laboratory studies and clinical data, aided 
in confirming tlie diagnosis. In 4 eases the diagnosis was corroborated by 
autopsy. 

All patients with cirrhosis of tlie liver, including the syphilitic type, showed 
degrees of pathologic dark adaptation, varying from 204 to 19,600 mi’croplioton * 
Three patients complained of night blindness, determined after careful question- 



t is interesting in this connection to note that Patek’“ and Snell'® have 
reported clinical improvement in individals witli cirrhosis of the liver following 
e conventional treatment combined with vitamin therapy. 

. to this discussion is the recent study by Connor, in which he 

it is very doubtful whether a person consuming a balanced 
, ih addition to an excessive amount of alcohol would develop alcoholic 
cirrhosis. 

Normal dark-adaptation thiesliold Is up to 150 mlcrophotons within thirty minutest. 


Table II 

Significant Findings in Alcoholic Addicts 
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In 10 pntiouts atldicted to alcoholism who were admitted to the psychopathic 
ward of the Philadelphia General Hospital, a study of their dietaiy regime 
prior to admission revealed a veiy poorly balanced diet, especially inadequate 
in vitamin A and vitamin B content. Dark-adaptation studies in this group 
showed tliat all e.xcept one had a marked pathologic curve (see Table II). 

There were 7 patients with hepatocellular jaundice (see Table I), 3 of 
whom apparently utilized and stored their vitamin A, as evidenced by the nor- 
mal rate of their regeneration of visual purple. The dark adaptation readings 
of these patients wore, respectively, 42, S3, and 130 mierophotons (normal up 
to 150 microphotons). Clinically these 3 patients manifested a minimal degree 
of liver damage, as evidenced by the clinical course of their illness and the 
liver function tests. Before their discharge from tlic hospital, the jaundice had 
entirely disappeared. A fourth patient belonging to this group had a slightly 
pathologic dark adaptation, inien he left the hospital, his jaundice was clear- 
ing. 

It is quite significant that in the remaining 3 patients there was marked 
pathologic dark adaptation: 408, 572, and 036 microphotons, respectively.* In 
caeli case the jaundice followed the administration of ncoarsplienamine. The 
degree of jaundice was of the severe toxic type. Their clinical course was very 
stormy, and their various laboratory findings showed severe liver damage. 'When 
they were discharged from the hospital, there was still some evidence of jaundice. 
It is worthy of note that the dark adaptation pathology appeared to nin parallel 
with the degree of liver damage conditioning the jaundice as ganged by the 
iotenis index and other liver function tests. Thus, for example ; 

Case A. M., icterus index was 42, had a dark adaptation threshold of 408. 

Case Z. H., icterus index was 110, had a dark adaptation threshold of 572. 

Case K. B., icterus index was 125, had a dark adaptation threshold of C3G. 

We examined 4 patients carcinoma of the liver, all of whom died, 
'fheir diagnosis was confirmed by the histologic examination of the tissues. Tliey 
all presented pathologic dark adaptation to a marked degree (see Fig. 1, A). 

One patient with advanced jaundice had a normal dark adaptation. Tlie 
janudiee in this case was caused by a silent stone obstructing the common bile 
duct. 

SUSIMARY AND CONCLUSIONS 

Twenty-five patients with various types of liver disease have been studied. 

Ten patients with alcoholism, without clinical evidence of liver disease, were 
3'lso examined. 

Complete clinical laboratory and dark adaptation studies were made in 
each iudividiiai ease. 

., 1 . threshold in dark adaptation Is the minimum light Just visible to the dark 

«in 1 ^ye. Usually threshold readings are taken at Ihree-mlnute Intervals. Where the 
threshold Is given, it is the last or thirty-minute threshold, which In the normal case 
nould be 150 microphotons. 

■A- Photon is a unit of retinal illumination and equals one candle per square meter per 
-Ware mllUnieter of pupil area. A microphoton Is onc-minionth of a photon. 
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In 21 patients with liver disease the dark adaptation was pathologic. Tiiee 
patients, clinically and by laboratory studies, showed varying degrees of livft 
damage. 

Of 7 patients with hepatocellular jaundice, 3 presented normal dark adapta- 
tion and minimal degree of liver damage. The remaining 4 patients showed 
evidence of liver damage and pathologic dark adaptation. In these 4 cases, the 
degree of liver damage, as evidenced by the icterus index and other laboratory 
studies, appeared to run parallel with the degree of dark adaptation pathology. 

Nine out of 10 alcoholic addicts showed vitamin A deficiency as revealed 
by dark adaptation pathology. The tenth person, whose dark adaptation was 
normal, was receiving desiccated thyroid at the time the test was made. 

We are indebted to Dr. M. M. Pearson for cooperation in the study of the alcoliol addicU. 
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^TIIE SOURCES OP THE ENZYJIES OP NORMAL AND PATHOLOGIC 
CEREBROSPINAL FLUID* 


Irvino Kari-an, Pu.D., Damd ,1. Coim, Pii.D., Abraham liF.viNSON, 1\[.D., and 
Beatrice Stern, B.S. 

Chicago, Ii.i,. 


INTRODUCTION 

T N A PREVIOUS study' wo found that normal cerebrospinal fluid contains 
■I small amounts of bota-glycerophosphatasc and amylase, and occasional traces 
of lipase. In pathologic conditions of the central nervous system, such as puru- 
lent and tuberculous meningitis, hydrocephalus, brain tumor, brain abscess, 
and brain cyst, the cerebrospinal fluid was found to liavc increased enzymatic 
activity. The fluid of tuberculous meningitis was characterized by the presence 
of trj'psin, antitrj'psin, and tributyrina.se, and by increased phosphatase, lipase, 
and amylase activity. The fluid of purulent meningitis was similar to that of 
tuberculous meningitis, ' except that trypsin and phosphatase were found in 
much greater amounts in the former. The cerebrospinal fluid of hydrocephalus, 
brain tumor, abscess, and cyst \vas found to have high tributyrinase and lipase 
activity. Antitrypsin and increased phosphatase were also found in some fluids 
of the brain lesion group. 

Early in Uie course of our work the question of the source of the cerebro- 
spinal fluid enzyme arose. We suggested, on theoretical grounds, that the 
enzymes of normal cerebrospinal fluid may result from tlie metabolism of braip 
tis.suo or may be derived from the enzymes of the blood plasma. The increased 
cnzjTnatie activity of pathologic cerebrospinal fluid may be duo to: , (a) pleo- 
eytosis of the cerebrospinal fluid, (b) increased permeability of the meninges 
fo plasma enzymes, and (e) destruction of brain tissue. We shall attempt here 
R discussion of the sources of the cerebrospinal fluid enzymes on a more experi- 
mehtal basis. 

I. THE ENZYMES OP NORMAL CEREBROSPINAL FLUID 

The question of the source of the enzymes of normal cerebrospinal fluid must 
be answered in terms of the source of the cerebrospinal fluid itself, more particu- 
lorly in terms of the source of the proteins and cells of the cerebrospinal fluid. 
The latter, however, is still unsettled. According to Dandy and Blackfan,^ 
l\eed,' and Cushing,' the fluid is derived from the choroid plexus within the 
'’entrioles, and is absorbed from the subarachnoid space chiefly into the cerebral 
^inus^ , Merritt and Premont-Smith,® as a result of their chemical studies, be- 

the Department of Biochemistry, Kelson Morris Institute for Medical Research, 

Dital Morris Hospital for Children of the Michael Reese Hospital, and the Children’s Hos- 

ot Cook County Hospital. 

Received for publication, June 5, 1039. 


495 


496 


THE JOURNAL OP LABORATORY AND CLINICAL JIEDICINE 


lieve with Mestrezat that the cerebrospinal fluid is best understood if it is loofej 
upon as a dialj^sate of the blood plasma. On the other hand, Hassin®' ■ mah 
tains, on the basis of histopathologic studies, that the cerebrospinal fluid con- 
sists of tissue fluids iidiich pass out from the neural tissue along the perivascular 
spaces into the subarachnoid space and perhaps the •ventricles. At present it k 
generally considered, according to Flexner,® that “. . . the cerebrospinal iluvl 
probably arises in large part from the highly vascular choroid plexuses. To fluid 
from this source is added a relatively small, perhaps insignificant, amount of 
fluid from the ependjonal cells of the ventricles. The ventricular fluid from tlitsc 
origins slowly flows into the subarachnoid space where it receives an addition, 
unknown in quantity, but probably small, from the perivascular spaces of th 
brain, and, in the opinion of some, from the blood vessels traversing the sub 
arachnoid space.” 

It is impossible to determine from the foregoing data whether the blood 
plasma or the neural tissue is the more important source of the cerebrospinal 
fluid enzjunes. According to Boyd,® the lymphocytes of normal cerebrospinal 
fluid appear to pass from the perivascular spaces into the subarachnoid space. 
This, together wnth the fact that lumbar and cisternal fluids are richer in protein 
and cells than is ventricular fluid, makes it seem likely that a considerable por- 
tion of the enzjunes comes from the neural tissues. ’^Tiether this portion h 
greater than that coming from the choroid plexuses and the blood lesses 
traversing the subarachnoid space seems impossible to settle at present because 
of our inabilitj' to study the enzymes of the neural tissue fluid. 


II. ENZYSIES OF THE CEREBROSPINAL FLUID IN JCENINGITIS 

A. Leucocytic Enzymes . — ^It was noticed that the tryptic actiub 
cerebrospinal fluid of purulent meningitis was related to the poljTnoiphocr’*^^^^ 
leucocyte content of the fluid.^’ Although no exact correlation uas posi 
fluids with high polymorphonuclear content generally had greater 
tivity than fluids with low polj’-morphonuclear content. In order to 
effect of the presence of polymorphonuclear cells, a sample of lumbar m 
a patient with streptococcic (hemolytic) meningitis was divided info hro 
one of which was filtered through a Seitz filter. The tryptic ^ 
original untreated fluid and of the filtrate were then determined.* 
together with those obtained with a second sample of fluid from the same 


Table I 


PATIENT 

PORTION STUDIED 

DIAGNOSIS 

1. J. D. 

(a) Original fluid 

streptococcic men- 
ingitis 


(b) After Seitz filtration 

2. J. D. 

(a) Original fluid 

streptococcic men- 
ingitis 


(b) After Seitz filtration 


I Lumbar, turbid 
Clear 

luumbar, opalescent 
Clear 

•Values ol tliis order of maguitude represent relatively high trjptlc ac 


description of 
FLUID 



•The methods used for the determination of enzj-matic activity, together 


desc 


of tlie units employed, are described In detail in reference 1, 
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ai -0 given in Table I. It is seen tliat removal of tlie polj'morplionuclear cells by- 
Seitz filtration caused the disappearance of tryptic activity. 

In order to ensure that the removal of the tryptic activity by Seitz filtra- 
tion was not due to adsorption of enzyme b}- the filter pad, we investigated the 
effect of centrifugation on the trj-ptic activity of fluids from patients with 
purulent meningitis. In addition, the sediment resulting from the centrifuga- 
tion of one fluid was taken up with an amount of physiologic saline such that 
the volume of the resulting suspension was equal to that of the original fluid 
sample. The antitrj-ptio power of the various portions was also determined. 
The results are given in Table II. 


Table II 


PATIENT 

PORTION STUDIED 

DIAGNOSIS 

DESCP.IPTION or 
FLUID 

CELL 

COUNT 

(POLYS.) 

TRYPSIN 

(UNITS) 

ANTI- 
TRYPSIN 
UNITS % 

1. A. JIcQ. 

(a) Original fluid 

Influenzal 

meningitis 

Lumbar, turbid 1 

7,200 

0.65 

40 


(b) After centrifu* 

Clear 


0.0 

40 


gation 






2. A. McQ. 

(a) Original fluid 

Influenzal 

meningitis 

Cisternal, opalescent 

2,000 

1.20 

8 


(b) After centrifu- 

Clear 


0.03 

8 


gation 






3.11. tv. 

(a) Original fluid 

(b) After centrifu- 

Influenzal 

meningitis 

Icumbar, turbid 

5,000 

1.40 

34 


Clear 


0.25 

40 


gation 

(c) Sediment taken 


Turbid 


! 1.20 

0 


up with NaCl 








In each case the tryptic activity of the fluid was greatly decreased by 
centrifugation, while the antitryptic power was unaffected. In the case of 
R. W. nearly all the trjT)tic activity was found in the sediment. 

Since the results indicated clearly that the source of the trj’psin of the 
cerebrospinal fluid of purulent meningitis is the pobunorphonuclear pleocytosis, 
we thought that extension of tiie centrifugation studies to other enzymes might 
yield information about their sources. It was difficult to obtain sufficient fluid 
at a single puncture for such studies in addition to tlie routine cellular, chemical, 
and bacteriologic studies. Howev'er, we suceeded in obtaining enough data 
to indicate approximately the relative importance of the different sources of the 
enzyme studied. In Table III are given the data for 5 fluids. 

The results for trypsin agree with those of the previous experiments and 
require no further discussion at this point. In 4 out of 5 fluids centrifugation 
caused a marked decrease in the phosphatase activity, while in one fluid the 
activities of the original fluid, supernatant fluid after centrifugation, and sedi- 
ment were practically equal. The reductions in the phosphatase activity of the 
fluids were relatively less than the corresponding reductions in tryptic activity. 
Lipolytic activity was reduced by centrifugation. The activity of the super- 
natant fluid varied from 0 to about 50 per cent of that of the original fluid, 
^vhile the average sediment activity was about 50 per cent that of the original 
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fluid. Tribiitju-inase activity in the fluid was reduced by centrifugation in 
values from 50 to 93 per cent of those of the origiaal fluid. The sediment Iieo 
about half as much activitj- as the original fluid. Eesults obtained vith esteifs^ 
and amylase were similar to those obtained with tributyrinase, except for so:.5 
instances where relatively low enzjTue values were not affected by centrifugation, 
The antitryptic power of the fluids studied was not decreased by centrifugation. 
In fact, in one case the fluid after centrifugation liad a very high antitrypth 
effect (82 units), and a much lower effect (14 units) when cells ivere present 
In no case was any antitrypsin found in the sediment. If there is any anti- 
tr jTitic substance in the cells, its effect is entirely, overcome by the polymorphonn- 
clear trypsin. 


The effect of centrifugation on the enzymatic activity of the cerel)rospinaI 
fluid of purulent meningitis can perhaps be most easily understood in terras o: 
IVillstatter ’s work on the lyo and desmo forms of leucocytic trjTisin and amylase. 
'Willstatter^’^ has distinguished betiveen two types of leucocytic enzymes ac- 
cording to the ease with which they are extracted from the cellular material- 
Lyoeuzymes, which are easily extracted from the cells, are coasidered to b 
freely dissolved in the cells. Desmoeiizymies, which are extracted vith greater 
difficulty, are thought to be firmly bound to the celhilar protoplasm. The desnio- 
enzymes are ahnost always bound to cell complexes and are active in this con 
dition. According to Willstatter and Eohdewald,’^ only about 7 to 11 ppr 
of the tryTisin of polymorphonuclear leucocytes occurs as lyotrj psin, t le re 
mainder occurs in the desmo form. This would explain why remoial o 
poljTiiorphonuelear cells by centrifugation removes nearly all of the 
activity of the fluid. At most, the fluid after centrifugation had 15 to i P ^ 
cent of the tryptic activity of the original fluid; the average 
after centrifugation was about 9 per cent of the original activity, agieenu 
■well with the lyotrypsin values given by Willstatter and Eohdevald. 

The work of 'Willstatter and Eohdewald“ on leucocjdic 
that this enzyme occurs to a much greater extent in the Ijo pjjul 

leucocytic try^psin. Oiu’ results with the amylase of meningitis 
fluid are in agreement with this finding, since the sediment aftei ecu 
had relatively less, and the clear liquor more, activity than was t le c 

- de. ThefaC- 

At this point an interesting application of our work can be ^ actidb' 
that centrifugation of fluid removes a large part of the phosp la 

indicates that phosphatase is firmly bound in the poljmiorphonuc ear _ 

AlsOj 


probably more so than amylase, but less firmly than trjqisin. |j,j|jutyrina5^'’ 
indicate that the pohmiorphonuclear cells are very rich in lipase, )]-,c 

and esterase, in agreement with the findings of Fleischmaiui. ia 

fact that the sediment studied after centrifugation contains t tlip 

considerable quantity indicates that they occur to an inipoitan ^ g^iona’- 

desmo form. It is difficult, however, to obtain any idea of the le jinr-i 

of lyo and desmo forms of leucocytic lipase, tributyi’inase, aai 


we 


have thus far been unable to distinguish between 
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plasma enzymes which may have entered the cerebrospinal fluid because of 
increased meningeal permeability. 

B. Effect of Increased Meningeal Permeability; Antitrypsin . — It is well 
Icnoivn that there is an increase in meningeal permeability in meningitis.'* It is 
possible, therefore, that some enzymes may enter the cerebrospinal fluid from 
the blood plasma in meningitis. So far, no direct measure of the enzymatic 
activity derived from this source is available. However, study of the auti- 
triTishi (or trypsin-inhibitor) of meningitic fluid may throw some light on this 
subject. 



Chrometzka” has found that the antitryptic power of blood serum varies 
with pH, having a maximum value of approximate!}' pH 8. On either side of 
this region the antitryptic power decreases until it disappears at pH values 
i and 12. It is interesting to see whether the antitrypsin found in meningitic 
cerebrospinal fluid depends in a similar way on pH. If so, it would point to 
the hematogenous origin of the pathologic antitrypsin, particularly since no anti- 
trypsin is found in normal cerebrospinal fluid. 

Accordingly, we studied the effect of change of pH on the antitryptic 
power of fluid from a patient with hydrocephalus complicated by Staphylococcus 
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aureus puoccphuhis. The fluid was divided into several portions to which were 
added 1 or 2 drops of sodium hydroxide or hydrochloric acid solutions of 
different strenglh. After ten or fifteen minutes the antitryptic power of the 
various portions was determined by the mctliod described in our previous paper. 
The results are plotted ns curve A in Pig. 1. It is seen that tlie antitrj'ptic 
poiver has a maximum of approximately pH 7.5 and falls off on either side of 
this estimate. At pll values of 4 and 11 the antitryptic power is small but has 
not completely disa])pearcd. It wa.s thought that this may have been due to 
the short time (ten to fifteen minutes) allowed for the action of the acid and 
alkali on the cerebrospinal fluid. The work was repeated on two other fluids, 
one from the same patient, and the other from a patient with a clinical diagnosis 
of tuberculous mcningiti.s. In those instanees the fluid portions were treated 
with acid or alkali for an hour. The results are plotted as curves B and C of 
Pig. 1. It can be seen that the antitryptic power has a maximum value after 
incubation at pll 7.0 to 8.0 and falls off on eitlier side of this range, vanishing 
at about pH 4 and pH II. 

It follows from the foregoing results that the antitryptic power of men- 
ingitic cerebrospinal fltud depends on pH in the same way as the blood scrum 
antitrypsin. Since the normal cerebrospinal fluid contains no antitryptic sub- 
stances, the antitrypsin of meningitic fluid must como cither from the blood 
plasma or from the polymorphonuclear leucocytes. However, it has been found 
(see Tables II and III) that centrifugation of meningitic fluid has no effect 
on the antitryptic power of the fluid, and that the cellular sediment itself ex- 
hibited no such power. It is jirobable, therefore, that the antitrypsin of menin- 
gitic cerebrospinal fluid enters the fluid from the plasma because of the increased 
meningeal permeability. 

C. Enzymes of ihc Cerebrospinal Fluid in Tuberculous Meningitis . — Since 
the cerebrospinal fluid of tuberculous meningitis differs from that of purulent 
meningitis in the number of polj'morphonuclear cells, it woidd be expected that 
this difference might account for the observed difference in enzjTnatie prop- 
erties. This is borne out by the fact that the polymorphonuclear cells have been 
shown to be responsible for the presence of ti-jiitic activity and to a large 
extent for the presence of phosphatase. The enzjTuatic activity of the cerebro- 
spinal fluid of tuberculous meningitis, which is not due to the polymorphonu- 
clear cells, is probably due in part to the passage of plasma enzymes across the 
meningeal harrier, and in part to the presence of lymphocytes which arc knoum 
to he particularly rich in lipolytic enzymes.'" 

m. ENZVJIES OF THE CEREBROSPINAL FLUID IN HYDROCEPHALUS 
AND BRAIN TUMOR 

We have pointed out' that our specimens of cerebrospinal fluid in h 3 'dro- 
eephalus, brain tumor, brain abscess, and brain cyst can be divided into two 
groups. The first group contains those cases in which meninges or ventricles 
are known to have been invaded bj- a neoplasm, or bj' hemorrhage, or inflamed. 
The second group contains cases in which there was no known involvement of 
meninges or ventricles. Some typical examples of fluids of the two groups 
are given in Table IV. 



Tabi.e IV 
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(1) NI. R. Hydrocephalus Clear lumbar Lymph. 20 0 0 . 1.0 O.S 

<2) hi. R. Kydrocophalus Clear lumbar Lymph. 10 6 1.1 0.4 

B. S. Hydrocephalus Clear voutricu- 0 0 0.6 3.0 
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As the data indicate, fluids of the fii-st group are usually abnormal in 
appearance, have elevated cellular and protein contents, and have high phos- 
pliatasc, lipase, tributjTinaso, and antitrvpsin values. Tiie fluids of the second 
group are normal, except for high lipase and tributyrinase values. The en- 
zymatic properties of fluids of the firet group can, to some extent, be explained 
by the presence of poljnnorphomiclcar leucocytes, or by invasion of the men- 
inges !)y a tumor. The lipase and lributyrina.se of fluids of tiie second group 
cannot be accounted for on tlicse bases since there i.s no significant pleocytosis 
and no increased meningeal permeability (i.c., antitrypsin, pliosphatase values, 
total protein are normal). It is necessary, therefore, to seek a different source 
for tlicse enzymes. In tiie follmving discussion we sliall suggest the possibility 
that these enzymes may bo associated with degeneration of nervous tissue. 

Tlie pathology of the progressive cerebral atropliy secondary to hydro- 
cepIiaUis lias been described by Pcnficld,'' by Pcuticid and Elvidge,'® and by 
Ilaxsin.’” Tiie lateral ventricles are greatly distended. There is much nerve 
tissue destruction, that of tlic wliite matter next to the ventricles being more 
rapid than tliat of the gray matter. The corpus callosum is raised and thinned, 
while tlie septum pellucidiim often disappears. In severe liydroeopliahis the 
corpus callosum may bo entirely obliterated, the subcortical white matter do- 
■stroyed, and the optic chiasm, optic tracts, and tuber cinoreum extremely 
flattoned.®”-” Largo numbers of gittor colls arc found in the corpus callosum, 
cerebral parenohyuna, subependymal areas, and Virchow-Robin spaces. Hassin’® 
has studied the histologic changes in the brain secondary to the increased intra- 
cranial pressure caused Iiy oxtraeorebral as well as intracerebral tumor.s. Ho 
found diffuse degenerative changes in the corpus callosum, optic nerve, chiasm, 
and optic tract, that is, the cliangos were similar to those found in the pressure 
atrophy of liydrocephalus. 

Pcnficld®® has studied tlie formation and activity of gitter cells in areas of 
cerebral softening surrounding a glioma. These cells contain neutral fats, fatty 
acids, and other products of tlie (cnzjTnatic) breakdoum of nerve tissue and 
demyelination. They carry their contents to the adventitial spaces of the blood 
vessels where they lose their granular and vacuolar appearance, decrease in size, 
and finally leave the vicinity of the vessels in characteristic form for renewed 
phagocytosis. Apparently some of the digestive contents ot the gitter cells 
pass into the perivascular spaces from which they are transported in the tissue 
fluids to the subarachnoid space. It is possible that in this way lyolipolytie 
enzymes of tiie gitter ceils and myelophages may reach the cerebrospinal fluid. 

Another possible explanation of tiie presence of lipolytic enzymes is in terms 
of the enzymes of the brain tissue itself. Eceent unpublished experiments in 
our laboratory indicate that fresh minced brain tissue possesses considerable 
lipolytic activity. It seems possible that the destructive processes may cause 
the liberation of lipolytic enzymes from the tissue. The enzyme may then reach 
the cerebrospinal fluid as indicated above. In tiiis connection it is interesting 
to note that Spiegel-Adolf®® has recently reported that in certain neurologic con- 
ditions apparently normal fluids may show evidences of brain tissue destruction 
when conductivity and interferometric methods of analysis are used. Some 
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eases of hydrocephalus and brain tumor in her series have protein values ivhiA 
are ivithin normal limits, but, nevertheless, have abnormal “residual inter- 
ferometrie values,” indicating brain tissue destruction. These findings seem to 
be in agreement with those reported in our stud}'-. 

If the lipolytic actmty of the fluids under discussion is due to brain tisae 
destruction, it would be reasonable to expect increased lipolytic activity of tbo 
cerebrospinal fluid in other degenerative diseases of the cerebrospinal fluid, such 
as multiple sclerosis, Schilder’s disease, and subacute combined degeneration ci 
the cord, which are charaetexdzed by extravascular deniyebnation and glial 
proliferation. 

More complete studies of the lipolytic activity, neutral fat, fatty aeul 
cholesterol, and cholesterol ester contents of cerebrospinal fluid in these diseass 
may yield valuable information about the chemistry and patliology of nem 
tissue degeneration. The fact that high lipase values have been found' in 
isolated cases of multiple sclerosis, carbon monoxide poisoning, and cereiiral 
arteriosclerosis indicates that such studies may be profitable. 

The study of multiple sclerosis by such an approach may be of particular 
interest in view of Brickner ’s suggestion-^ that the demyelination in this disease 
is caused by a lipolytic ferment. It is possible that the lipase and trihutyrinase 
which we have found in the cerebrospinal fluid and which we suggest way i*« 
involved in nerve tissue degeneration may he related to Brickner’s lipoldic 
enzymie. 


CONCLUSIONS 

1. There are two possible sources of the enzymes of normal cerehrospina! 
fluid: (a) the blood plasma and (b) the neural tissue fluid. Itisatpifs' 
impossible to determine the relative importance of the two sources. 

2. Centrifugation studies of the cerebrospinal fluid of purulent 
indicate: (a) that the tryptic activity of the fluid is due almost 
the desmotrypsin of the polymorphonuclear cells; (h) that the ^ 
activity of the fluid is due chiefly to desmophosphatase of the polymoip 
cells; (c) that the lipase, tributjT.'iiiase, and esterase actmties aie 
(about 50 per cent) to desmolipolytic enzymes of the polyrniorphoniic 
(d) that the amylase activity is due, in a lesser degree, to the esmoa 

of the polymorphonuclear cells. pJ 

3. The remainder of the erLzjTuatic actmty of the 
purulent meningitis is probably due to: (a) lyoenzymes of the 
clear cells and (b) plasma enzyones which enter the cerehrospina 

of increased meningeal permeability. It has so far been impossi ) c o 
the relative importance of (a) and (b). 

4. The antitryptic power of the cerebrospinal fluid of 

gitis and pyocephalus varies with pH, liaving a maximum near p ot 

decreasing on either side of that range. This similarity to f ic jIip 

serum antitrypsin suggests that the cerebrospinal fluid 
cerebro-spinal fluid from the plasma because of increased raeniugco ^ jipiH? 

5. Tlie lipase and tributyrinase of the cerebrospinal fluid ijicnin?^^' 

and brain tumor in cases whei'e there is no knmvn involvement o 
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or ventricles may in part be lyoenzyines of the gitter cells and myelophages 
which take part in the phagocytosis of fatty debris of nerve tissue degeneration. 
Lipoljd-ic enzymes may also be liberated from brain tissue by destructive proc- 
esses. The enzymes possibly roach the cerebrospinal fluid via the perivascular 
spaces. 

6. In cases of hydrocephalus and brain tumor where the meninges are in- 
volved by tumor or inflammation, cells or increased meningeal permeability may 
cause an increase in the enzymatic activity of the cerebrospinal fluid. 
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ON THE VALUE OP A “REPEAT” INJECTION OF TETANUS TOXOID 
(SECONDARY STIMULUS) IN ACTIVE BIMUNIZATION 
AGAINST TETANUS 


Herman Gold, M.D., Chester, Pa. 


N A PREVIOUS eommiinicatioiP we reported the results obtained alkr 
active immunization of 34 adults by means of a primary course of two injec- 
tions of tetanus toxoid, alum-precipitated, refined. We now wish to report 
our follow-up observations on 20 members of this group wdio were subjected 
to a third “repeat” (secondary stimulus) injection of alum toxoid. Tlieirim- 
munologic response to the primary course of immunization is shown in Table I. 

Before the third dose of 1.0 e.c. of tetanus toxoid, alum-precipitated, refined, 
was injected, all patients rvere bled, and the sera rvere titrated for tetanus anti- 
toxin. All but trvo shorved less than 0.1 unit per cubic centimeter. Cases 99p 
and 9953 had 0.1 unit each. Sixteen subjects received the secondary stimulus 212 
days after the second dose of toxoid. Four got the third injection 359 days after 
the primary course of immunization was completed. 

A composite picture of antitoxin production was then obtained flirongli 
serial titrations (Table II). 

Of 8 patients tested on the fourth day after the “repeat” injection, onlp 
one show'ed 0.25 unit. The rest had the same control values of less than 
unit. Of 9 subjects tested on the fifth day’’, all but one showed 0.1 unit 
per cubic centimeter of blood serum. The exception, Case 9941, showed le.ss f m 
0.1 unit. However, when retested on the seventh day, this patient had ^ 
of antitoxin per cubic centimeter of serum. It is interesting to note the c 


increase in antitoxin titer that occurred within 48 hours in Cases 


9928, 9932 


and 10004. On the sixth day all subjects but one show'ed good protection 
9947, who shoived less than 0,10 unit, was not retested again until a nion 
elapsed when he had 0.25 unit. 


• Calf 


This subject w'as the only member of 
who showed a rather poor antitoxin response, since he dropped to less 
unit when retested 183 days after the third injection of toxoid. On t m se 
day 15 subjects ■were tested. They all sho'wed a marked increase in f 'C 
toxin titer, the average value being Avell above 2.0 units per cubic 
blood serum. The magnitude of the increase in many eases was at leas ' 
the control value. Between the sixth or seventh and the thirtieth day 
injection of the secondary stimulus, 11 subjects shorved a further increa.se^ 


4 had the same antitoxin level, and 1 person showed a decrease in 


valne. Four in- 


dividuals actually tested 5 units or more per cubic centimeter of b oo 
To obtain this amount of antitoxin in the blood by passive immunization, 
dermic injection of about 75,000 units of tetanus antitoxin i-i 
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Table I 

Tetanus Toxoid, Aluji-Precipitated, Eefined No. 5909-1 
(Two Dofcs Given 92 Days Apart) 

Titer expresteil in units of tetanus antitoxin per c.c. of blood serum 



•Each dose consisted of O.D c.c. of alum toxoid. 
tEach dose consisted of 3.0 c.c. of alum toxoid. 
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When retested 90 days after the “reneat” o 

still l^eU above the mmimiim protective level of 01 nm-t , * 
gradual ..a of^n oce^d, A. thcll^^r^ea^ 
subjeala a iowed leas tha,. O.I unit of autiloxi,. per cubic crtito T » 
moufts later t™ addilional subjects dropped fesa «,a„ 0,1 „„i,, ». 

uni ot M of tliis group still retained a protective titer ,1 o.l 

01 more, with an average of move than 0.25 unit per cubic centimeter. 


COMMENT 

The ni jection of a third dose of alnra toxoid in subjects who had been pmi- 
ously actively immunized against tetanus is associated with a rise in antitein 
tl \ ^ ^111 pi'isingly high magnitude. This rise takes about five daystoreaeli 

le eve o 0.1 unit which is present in the blood serum of persons passkdyki- 
mumze v ith 1,500 units of tetanus antitoxin." It is stated tliat the periol d 
meu atiou of tetanus in man is usually from six to fourteen days, and is directlj 
pioportional to the amount of toxin and the seventy of the disease. Homn, 
s peiiods of incubation, six days or less, are known to oeeur. Itisrea- 
sona e to expect that the injection of the “repeat” dose orsecondaiystiniB- 
us wi I pi event these cases of acute tetanus (short incubation), sincere are 
ea uig ime with a rapidly increasing titer due to active immunit.v. Also the 
^ a ue 0 .1 unit wliieh we believe necessary for protection against tetanus* 

IS rather a conservative one. 

ppT-' ^ of Tables I and II reveals the interesting fact that in tiih 

les 0 eases the injection of the “repeat” dose w'as followed by an antitoxw 
1 mumty that persisted above the 0.1 unit level for a definitely longer period of 
line an was the ease after the primary course of immunization. Thus, afer 
le latter (Table I) 5 .subjects out of 37 dropped to less than 0.1 unit when tcste<i 
1 ee months after the second dose, 16 subjects out of 20 sliowed less than 0.1 ni'ii 
p- • 1 ^ months after the second injection of toxoid, ivhile 18 members of the 

loup la ess than 0.1 unit when tested nine months after completion ofi^ 

“repeat” injection of toxoid was adm™* 
nn ’f u _Df patients, only one subject out of 19 dropped to less than fll 

I w eii tested six months later. Previous titrations shoived that all snbjecfe 
enjoye ^oo protection. This prolonged maintenance of a protective 
s a so reflected in subsequent tests. Thus 14 subjects still showed 0.1 unit or 
moie pel cuiic centimeter of blood serum as late as eighteen months after t e 
nyeetion of the" secondary stimulus. 

Although the number of subjects studied is small, this finding of a wok 
prolonged antitoxin response following injection of the secondary stimulus is 
highly significant, and may have important practical implications if confirmed in 
a large series of ease.s. In our original study^ we found that subjects wto 
received 2 doses, 1.0 c.e..eaeh, of alum toxoid seemed to develop a liigbei’^® 
more lasting antitoxin titer than those who'Teceived 2 doses of 0-5 c.c. 

It is of interest do note that following the third "repeat” injection of mo® 
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toxoid, the 3 subjects who dropped to less than 0.1 unit before the year was 
up, were persons wlio lind received 2 doses of 0.5 c.c. for their primary course 
of injections. In the absence of n skin test to determine the state of anti- 
toxin immunity, tlie individual variability in antitoxin re.sponse makes it 
necessary to administer 1.0 c.c. of tetanus toxoid, alum-precipitated, when- 
ever an injury occurs after completion of the primar.v course of immuniza- 
tion. This naturally brings up the qiie.stion of sensitization. The toxoid does 
not contain any horse serum, but it does have traces of beef broth and peptone 
which may give rise to allergic reactions in sensitive subjects. Fortunately, 
the number of such eases is small. It must be remembered, however, that alum 
preparations of protein materials have been successfully used in the labora- 
tory to induce anaphylactic shock in experimental animals. AVliether this can 
occur in man is not Icnown. In our experience covering immunization of oi-er 
200 people in the last five years, no untoward reaction has been encountered, 
except an outbreak of urticaria in one patient following the second injection 
of toxoid. 

CONCLUSIONS 

1. One cubic centimeter of tetanus toxoid, alum-))recipitatod, refined, can be 
safely injected as a secondary stimulus in subjects who had previously under- 
gone primary immunization against tetanus antitoxin by means of two injec- 
tions of alum toxoid. 

2. Five to seven days elapsed before the antitoxin level of the blood serum 
reached the minimum protective value of 0.1 unit, following injection of this 
secondary stimulus ("repeat” or third dose). 

3. The injection of this secondary stimulus produced in seven to thirty days 
a very marked increase in the antitoxin content of the blood. The magnitude of 
this increase was in many cases at least 50 times the control value. Several 
subjects had 5.0 units or more of tetanus antitoxin per cubic centimeter of blood 
serum. 

4. Following injection of this secondary stimulus, the antitoxin titer ap- 
peared to be maintained above the minimum protective level of 0.1 unit for a 
longer period of time than was the case after the primary course of two toxoid 
injections. 

5. The occurrence of an injury in subjects that have undergone primary 
immunization against tetanus requires the injection of a secondary' or "repeat” 
stimulus (1.0 c.c. of alum toxoid). 

The JIulfora Biological Laboratories, Sharp anU Dohmc, Glenolden, Fa., gave assistance 
and valuable advice throughout this study. Dr. E. A. Whitney, medical director of the Elwyn 
Training School, Elwyn. Pa., gave permission to use Inmates of this Institution ns subjects 
lor the Investigation. 
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Histidine Content (“Hiazo Value* of Ulcer and Control Bloods 


SCHMIDT: HISTIDINE CONTENT OF BLOOD IN PEPTIC ULCER 513 
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filtration or by centrifugation witliont influencing the various values. In ad- 
dition, determinations of the nonprotein nitrogen and amino acid nitrogen con- 
tent of the bloods were also made by the usual Folin colorimetric methods. The 
data are given in Table I. 


COMMENT AND SUMJIARY 


It is obvious that the values given by the various chemical determinations on 
the pathologic and on mixed control bloods tend to run parallel. Significant 
differences between the bloods from ulcer patients and the control bloods are 
consistently absent, and all values ai-e well within normal limits. The amino 
acid nitrogen values for the ulcer bloods ranged from 5.1 to 7.5, with an aver- 
age of 6.56, whereas those for the control bloods ranged from 5.2 to 7.8, villi 
an average of 6.44 mg. per 100 e.e."' The “diazo values,” as determined b.v 
the modified Koessler-Hanke method, “ and calculated and reported as histidine, 
ranged from 1.0 to 2.1, with an average of 1.45 mg., and 1.1 to 1.9, with an aver- 
age of 1.42 mg. histidine per 100 c.e. for the ulcer and control bloods, respec- 
tively. By the p-nitroaniline method,'^ values for the ulcer bloods ranged ironi 
4.0 to 6.2, with an average of 5.18 rag. histidine, as compared with 4.5 to 6.4, 
with an average of 5.24 mg. histidine per 100 e.c. for tlie control bloods. By tie 
modified Mesehkoiva procedure® ulcer bloods ranged from 2.0 to 3.4, with an 
average of 2.57 mg., as compared with 2.2 to 2.9, with an average of 2.46 mg- 
histidine per 100 c.c. for the control bloods. These values are similar to those 
reported for tungstic acid filtrates in the previous study on tlie phenol an 
imidazole content of normal human blood.® 

Examination of the data show's that no distinguishing differences exist be- 
tween the values given by the various diazotization procedures on the con ro 
bloods and on those from patients with peptic ulcer. There seems to he no ap 
preciable difference betw'een the histidine content of tlie blood of patients 
peptic ulcer and the blood of normal individuals. The data do not ten to wn 
firm the theory that a histidine deficiency exists in the blood of patients w 
peptic ulcer. 


REFERENCES 


83; 401, 


1. Benedict, M. M.: Peptic Ulcer and the Larostidin Treatment, Mil- Surgeon 

193S. qnreical T'®*' 

2. Sandweiss, D. J.: Comparative Besults With Dietetic, Parenteral ana ourg 

ment in Peptic Ulcer, J. A. M. A. 108: 700, 1937. i f n de 

3. 'Weiss, A, G., and Aron, E.: Role des acides amines dans 

experimental; influence de 1 ’histidine, Presse mfid. 41: 1880, 1933. . ^odenaur, 

4. Herfort, E.: Le metabolisme des acides amines dans'les ulceres g 

Presse med. 45: 1436, 1937. , nf Iniectioos, 

5. Flood, C. A., and Mullins, C. R.: Treatment of Peptic Ulcer by Means 

Am. J. Digest. Dis. 3: 303, 1936. _ . .gor j jjerffloM' 

6. Bussit, J.: Recherches analytiques sur 1 ’arginine et 1 ’histidine, Pans, j 

7. Leiter, L.: The Metabolism of Imidazoles, J. Biol. Chem. 64: 12o, jjgv. 

8. Barac, G.: Nouvelles recherches sur la diazoreaction en milieu a c > 

sc. med. 7: 669, 1935. „ . The Pi®'’ 

9. Schmidt, E. G., Schmulovitz, M. J., Szczpinski, A., and 

and Imidazole Content of the Blood, J. Biol. Chem. 120: <0o, I • T_;^gjo!eS) 

10, Schwartz, A., Eiegert, A., and Bricka, M.: Micro-Determination 193^- , 

pecially Histidine in Blood Serum, Compt. rend. Soc. de biol. . J- P'® ' 

11, Theis, B. C., and Benedict, S. R.: The Determination of Phenols in 

Chem. 61: 67, 1924. _ , , •„ Health and 

12, Schmidt, E. G.: The Amino-Acid Nitrogen Content of the mo 

Disease, Arch. Int. Med. 44: 351, 1929. 



LABORATORY METHODS 


A CONTRIBUTION TO THE QUESTION OP THE DETERMINATION OP 
NICOTINIC ACID IN URINE 


Leo ScniKDEi^, Jerusalem, Palestine 


T he papers of Elvelijein, Pouts, Smith, Spies and his collaborators directed 
attention to the therapeutic significance of nicotinic acid. It has been 
said that this substance contains the most effective protective factor against 
pellagra knoivn. It is no longer doubtful that deficiency of this substance 
may give rise to pictures ivhieb represent the individual symptoms of pellagra, 
and in the dog this deficiency is able to bring about the black tongue disease. 
The most simple method of recording these stages clinically would be to 
determine the content of nicotinic acid of the body fluids. 

It was, therefore, natural that attempts were made to obtain more exact 
(lata on the occurrence of nicotinic acid in the normal and pathologic human 
organism. The first investigations on the occurrence of nicotinic acid in the 
urine are connected with the names of Ackermann, Komori, and Sendju. 
These workers observed that nicotinic acid, after liaving been fed to the dog, 
was excreted partly as free nicotinic acid, partly combined with glycine (as 
nicotinuric acid) and as trigonelline. As to the methods, the papers of Karrer 
and Keller opened new paths describing a quantitative method of determining 
nicotinic acid amide in the organism of the animal by means of diniti’Ochloro- 
benzene. At the same time, Vilter, Spies, and IMathews reported that they, 
too, had succeeded in determining nicotinic acid and some of its derivatives 
in the urine by means of dinitrochlorobenzeue. After having carried out 
exact experiments these authors found that nicotinic acid, nicotine amide, 
sodium nicotinate, and nicotinic acid diethylamide produce a substance with 
clinitrochlorobenzene which yields a red color on the addition of alkali. 
Neither trigonelline nor picolinic acid give this red color reaction. While 
Karrer and Keller remarked that they obtained deep-colored yellowish-red 
derivatives after alkalization, Spies and his co-workers stated that they ob- 
served, after addition of alkali, a purple-burgundy red color, in proportion 
to the quantity of derivatives of nicotinic acid present. If the added alkali 
is too much concentrated, the color changes to yellow. Bloreover, Spies and 
his eo-workers pointed out that the red color tints of nicotinic acid and nico- 
tinic amide differ from each other, even if the two substances have undergone 
the same preliminary treatment. This occuiTeiice made it necessary to have 
two different standard color curves for quantitative colorimetric measurement. 
With reference to the urine examination, this fact represents an obstacle, 
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since the presence of different shades of red renders an unmistakable result 
doubtful. It has not yet been discussed as to what the different red color 
obtained with dinitrochlorobenzene' may be due. All determinations earriel 
out hitherto have had the result that the normal human urine contains 20 to 
50 mg. of nicotinic acid in tlie daily amount. 

We also tried to attain a method of determination of nicotinic acidiutlie 
urine with dinitrochlorobenzene. Short of slight modifications we proceeded 
along the same lines as described by Spies. After publication of bis method, 
however, we strictly followed his instructions. 

The analj'sis of the normal indh’idual components of the urine likely to 
produce the red color after addition of dinitrochlorobenzene, led ns, after a 
number of negative results had been obtained, to a positive one. We found 
that creatinine yielded a red color with dinitrochlorobenzene in proportion to 
the concentration of creatinine. But also witli creatinine the red color docs 
not appear until alkali has been added to the mixture. The more the 
creatinine solution is diluted, the more the shade changes from purple to 
orange. With the help of this method it is possible to determine the presence 
of amounts of creatinine up to 0.5 mg. (We used creatinine hydrochloride 
produced by^ Hoffmann La-Roehe, Basle.) 

We believe that the fact that creatinine yields a color reaction ivilli 
dinitrochlorobenzene provides a source of error with reference to the deter- 
mination of nicotinic acid in the urine, which is performed by means of thi' 
reagent. Considering that 500 to 1,000 mg. of creatinine are excreted in df 
urine daily’, Avhile onl.v 20 to 50 mg. of nicotinic acid are discharged, and t ? 
presence of both substances can proved to the same extent, creatmme 
therefore, present in amounts 20 to 50 times as great as tlie other substance 
In order to obtain definite results for nicotinic acid itself, creatinine mus^ 
he removed from the urine. Ea'cii by' using Lloy'd’s reagent we haie so 
not succeeded in finding a reliable method. 

Alfasiroad, P.O.B. 1139 
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Addendum . — ^After this report was completed, E. Bawdier and • . . papers w;’' 

33: 264, 1939) and K. Bitsert (Klin. Wchnschr. 18: 934, acid m Bide?' 

provided important information on the problem of determimng nico j a jaethoo 

material (including blood and urine). Bandier and his coUaborat 
which they used cyanogen-bromide-metol (p-methylaminophenol^ neatly diftf ” 

gested a modification, of the brom-cyananiline method. Bitsert s re g 
those of other authors on quantitative lines. For example, Be ±ouu yG 

average proportion of 50-300 gamma in 100- c.c. which would . 
daily output. 



AN IMPROVED SUCTION APPARATUS' 


Stanley A. Groiian, M.D., Syracuse, N. Y. 


W ATER-SUCTION siplionage ]ias been a recognized tlierapcutic procedure 
in surgery for many years, Wangensteen' used it witli a Levin tube for 
gastrointe.stinal decompression. It lias also been employed for biliary drainage, 
suprapubic drainage, stomach drainage, and for many other purposes. Mech- 
ling' in 1917 described the earliest suction apparatus using water siplionage. 
In some of the suction apparatus the drainage mixed with the water system. 
This made an unsightly appearance and did not permit accurate measurement 
of the amount of siplionage returns. This was corrected by creating a separate 
water system and a flask for siplionage collection. There are numerous suction 
siphonage machines that have been patented. These are expensive and involve 
the use of valves that make its use complicated. 

At the University Hospital we have devised an apparatus that is verj’ 
simple in construction, easily transportable, and inexpensive. It docs not re- 
quire much attention while in operation. The necessary parts are as follows : 

1. Two 2,000 0 . 0 . flaslcs, graduated and capable of being suspended, 
inverted. 

2, Three 2-holed rubber stoppers. 

3. Glass tubing, rubber tubing, and glass connecting tips. 

4. One liter flask to collect siphonage returns. 

5. Metal standard, 54 inches high. 

6. One Y glass tube. 

7. Metal stopcocks (screw type) and right angle clamps to suspend 
flasks. 

The two 2,000 e.c. flasks comprise the water system which is entirely sep- 
arate from the siphonage returns. The apparatus is constructed as shown in 

Fig. 1. 

The first 2,000 c.c. flask {A) is filled -with water to a level just below the 
breather tube and suspended from the top of the standard. The second 2,000 
c.c. flask (B) is empty and suspended at the bottom of the standard. The 54 
Inch standard allows adequate height for efficient suction. The liter flask (C) 
is supported in the middle of the standard. Each 2,000 c.c. flask has a 2-holed 
rubber stopper, in one hole of which there is a long glass breather tube and in 
the other a shorter glass connecting tip. On the collecting liter flask there is a 
2-holed rubber stopper; in one hole there is a glass Y tube, and in the other 
a small glass connecting tip. The system is so arranged that water will flow 
from flask A at tlie top of the standard into flask B at the bottom of the 

•From the Department of Sur^erj', University Hospital. Syracuse. 

Received for publication, May 20, 1939. 
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^ is at the top «' 

Fig. 1. — Apparatus is ready for connection to Levin tube. Flask ^ ^ ‘’"fnied 

standard, flask B is at bottom, and flask C is in the ,i,p stopcock " .j,® flask 

the Y tube, and stopcock 1 is on tube connecting i^^V"r>*^nnri creating suction 

stopcock 1 is open. Water is running from flask A into flask r> ^-unn) ol 

which is connected to the Lievin tube and stomach. at no , 

Fig. 2. — ^Refill the apparatus ivhen flask A is omncock 1 afldinS ””5 

standard and raise flask B to the top of standard. entire apparatus or ‘ and 

It takes one minute to refill flask A without raise it to top ®!frain rea* 

more water Into the system. tWien flask A is refilled, then apparatus is ‘ s 

lower flask B to the bottom; close stopcock 2 and open i. 


for use. 
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Standard. As the water Hows from llask A a vacuum is created above tiio 
breather tube iu flask A that is transmitted to llask G which is comiected 
with tile Levin tube and stomach. There arc two stopcocks iu the entire 
system, one on the tube eouneeting with the Levin tube (i), and the other 
on one limb of the Y tube. 'When in operation, stopcock 1 is open and stop- 
cock 2 on Y tube is closed. To refill flask A, when the water in flask A has emp- 
tied into flask B one opens stopcock 2 and hangs flask A at the bottom of the 
standard and flask B at the top. It takes about one minute to refill the flask 
without disconnecting any stoppers or adding any more water into the system. 
When flask A is full again, resuspend at the top of the standard, close stop- 
cock 2, and open stopeook 1. The system is ready to operate again. 

The system will operate for twelve hours and longer without requiring 
refilling, as each flask holds 2,000 c.c. In refilling it is important to see that 
stopcock 2 is kept open and stopcock 1 is closed. This prevents air being 
pumped into the stomach during the water change. 

The advantages of this apparatus are as follows: 

1. It can be constructed readily and inexpensively bj- anyone. 

2. It does not require much attention from the nurse or person in attend- 
ance. 

3. The apparatus is complete on one standard and light enough to permit 
ease in transportation. 

4. Accurate measurement of fluid and air siphonage can be made. 

5. The water sj’stem does not require removal of stoppers and refilling of 
the flasks. 

6. The standard is set on the floor and the drainage returns are out of the 
patient’s sight. 
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AN IMPROVED METHOD FOR- THE lODIMETRJC DETERMINATION 

OP PYRUAHC ACID*' 


G. A. Schrader, M.S., Ph.D., Auburn, Ala. 

B ecause of the important position -which pyruvic acid occupies in metaV 
olism, a reliable method for its chemical determination should be available. 
Acidimetric analyses of biologic mixtures being necessarily impractical, it ap- 
pears that a method based upon the reactivity of the carbonyl group should offer 
a better approach. Unfortunatelj% there is no loioum compound which is specifie 
in its reaction until the earbonjd gi-oup of pyruvic acid. Consequently, if other 
alpha keto acids, ketones, or aldehydes are present, they ivill he included in the 
analysis. Despite this lack of specificity, a measurement of the total carboarl 
content of a biologic mixture affords a valuable means of following the coui-se of 
pynivate metabolism. If a more positive identification of the carbonyl content 
is required, it is necessary to resort to characterization studies. 

The most widely used procedure for the quantitative determination of 
pyruvic acid is based on the iodimetric estimation of the bisulfite taken up h) 
the carbonyl group. Such has been the basis of the Clift and Cook metho . 
Tests of this method, using pure pyruvic acid, gave uncertain results becaffio o 
a fading end point when the excess bisulfite was removed with iodine, ore 
over, only’- about 83 per cent of the expected carbonyl content could be e^or^ 
mined, as compared with cai'boxyl determinations giving 98 per 
fading end point suggested that the bisulfite-pyruvate solution was uusta 
room temperature (24.5° to 33.0° C.), which was in agreement with the o sct 
tion of Elliott and co-workers.- Cooling tlie bicarbonate, 0.1 N iodine, an 
bisulfite-pyruvate solutions to ice temperature" completely stabilize 
point and increased the carbonyl value by about 8 per cent. The car on) 
however, -ivas still appreciably lower than the carboxyl value. 

It seemed that the effervescence occurring when bicarbonate 
free the boimd bisulfite might cause a loss of some of the liberated isu j 
in the cold solution. To test this possibility, an excess ot u.o 
added to the cold bisulfite-pyruvate solution after the initial en j]jj 
been reached but prior to liberation of the bound bisulfite with bicai ^ 
excess iodine was titrated against standard thiosulfate. This into 

cedure raised the carbonyl value to about 99 per cent and thus 
good agreement with the carboxyl value. The original metho 
improved by a material decrease in the amount of bisulfite, wi i ‘ ^ ppmbine 
decrease in total volume and in the amount of 0.1 N iodine requne 
with the excess bisulfite. 

•From the Laboratory ot Animal Nutrition. Alabama Polytechnic Institu 
R6C6iv6d foT May 22, X939. 
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The method as finally’ adopted, together with tests of its reliability and its 
application to certain liiologic materials, is given below. 

DESCRIPTION OP METHOD 

Ueagents. — (A) 2.5 per cent sodium bisulfite, prci)ared daily or at frequent 
intervals. 

(B) 0.01 N potassium iodate. 0.3567 gm. of potassium iodate was dissolved 
in water and diluted to one liter. This served as the primary standard. The 
solution is stable for several months, if kci)t in the dark. 

(C) 0.1 N iodine (approx.). 3.57 gm. potassium iodate, 45 gm. potassium 
iodide, and 5 ml. concentrated sulfuric acid per liter of solution. 

(D) 0.01 N iodine, prepared daily or at frequent intervals from (C) by 
dilution. 

(E) 0.1 N sodium thiosulfate (approx.). 25.0 gm. Na 2 S 203.5 H 2 O per liter 
of solution, containing 0.5 per cent amyl alcohol.'* 

(F) 0.01 N sodium tliiosulfatc, ]>repared daily or at frequent intervals 
from (E) by dilution. 

(G) 2.5 per cent potassium iodide. 

(II) 5.0 per cent acetic acid. 50 ml. glacial acetic acid diluted to one 

liter, 

(I) Starch solution. A 1.0 per cent .solution of soluble starch in nearly 
saturated sodium chloride. Solution of the starch was accomplished by heating 
to near boiling. 

(J) Sodium bicarbonate suspension. An excess of sodium bicarbonate was 
added to water. 

(K) Purified pyruvic acid. Eastman C’. P. i)yi’uvic acid was purified by 
triple vacuum distillation in an all-glass still. Tlic tliird distillation which had 
a boiling point of 41.5 to 42.5° C. (not corrected) was collected in a flask im- 
mersed in an ice bath. A 10.0 per cent water solution was prepared as a stock 
solution. It was stored in a dark bottle at 3° C., the bottle being covered with 
a heavy cloth. 

The water used in all analytical work was distilled water which was fnrthei 
purified by redistilling over slightly alkaline potas.sium permanganate. 

Procedure. — Standardization of 0.01 iV Sodnim Thiosulfate. A 10.0 ml. 
aliquot of 0.01 N potassium iodate (B) was measured (Ostwald-Polin pipette) 
into a 6 inch by 1 inch test tube. Five milliliters of 2.5 per cent potassium 
iodide (G) and 3 ml. of 5 per cent acetic acid (H) were added, and it was 
titrated immediately with sodium thio.sulfate from a 10 ml. burette until the 
solution became a faint yellow color. Two drops of .starch solution (I) were 
now added, and the titration continued to a faint-blue end point. The titrations 
'vere made in triplicate. 

Standardization of 0.01 N Iodine.— This was standardized by titration with 
the 0.01 N sodium thiosulfate. Triplicate or quadruplicate portions, measured 
from a 10 ml. burette, were used. The titration was carried to the same faint- 
blue end point as for the sodium thiosulfate standardization. 
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Table I 

The ErpEcr op Cooling the Beagents and op Adding an Excess or O.W B loiuxi: tm 
THE Carbonyl Value of a Puke Pyruvic Acid Solution* . 


conditions 
OP TEST 


Beagents 
at room 
temperature 


Reagents 
at ice 

temperature 


Beagents 
at ice 

temperature; 
excess 0.01 N 
iodine 


TIME AFTER 
SOLUTION lYAS 
PREPARED 


NUMBER OF 
ALIQUOTS 


pvr.mTc ACID 


AMOUNT IN 
ALlQUOTt 


Mg. 

2.50 

2.50 

2.50 

2.50 

2.50 


AMOUNT REfOVmtl 



•PjTUi'ic acid made to O.O.i A’ ivitli hydrochloric acid, prior to carbonyl j j y 

fCarboxyi titrations were made on triplicate 0.5 em- 0 7. H. 

sodium hydroxide ivith methyl red as tlie indicator. Tiio carboxyl laiues a , 

28 days were 97.9, as.t, 98.4, 98.1, ami 98.3 per cent, respectivel.v. 

Table II 

Effect op Acipitv Vpos Pyruvate Eetermination* 


ACIDITY t 

Norm. 

0.0057$ 

0.01 

0.025 

0.05 

0.10 

0.50 


nusiber of 
AIAQUOTS 


COJIMENt 


*Excess 0.01 N iodine added 
reasrents. 

tHydrocliloric acid iv'as used. 
tNo hydrochloric acid was added. 


ofo ”15 08.0 No cfferTCfcenrc 

2 50 2.51 100.4 No 

9 BO •’IS 90.2 Very sligbi enei 

O gj o 47 98.8 Slight effervesces 

2.50 2.50 100.0 Some 

2.50 2.50 100.0 iodine 

2.=0 9<I.O 

iodine -'^TT 



iodine added before sodium bicarbonate atU>u> 


Table III 

Effect of the Volttaie of Sodiuji Bisulfite-Pykui ate Sow 

Upon Pyruvate Recovery* 


total volu.me 
or solution 


number of 
aliquots 


AilOUNT IN 
ALIQUOT 

Mg. 

2.50 

2.50 

2.50 

2.50 

2.50 


nYR lIVlO acid ■ 

amount RECOrtRtD^ 

- — ^ ■"'pcr'Orni 

Mg. 101.2 

2.53 100,8 

2.52 102,0 

2.55 ■ lOO.O 

2.50 lOOM^ 

2.50 .. — - — 


•An acidity of 0.05 N with hydrochloric acid; excess 0.01 N 
bicarbonate addition ; ice temperature reagents. 
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Carbonyl Dctcnnination.—l. To each of as many 6 inch by 1 inch test tubes 
as required, placed in an ice bath, was added 1 ml. of 2.5 per cent sodium 
bisulfite (A). This is sufficient bisulfite to react with about 20 mg. of pyruvic 
acid. 

2. Five milliliter aliquots of pyruvic acid or unknonTi, containing from 0.1 
to 5.0 mg. of pyruvic acid, were added (Ostwald-Folin pipette). All samples 
containing an unknown amount of pyruvic acid were analyzed in quadruplicate. 

3. The solutions were mixed thoroughly and allowed to stand in an ice 
bath for fifteen minutes or more. 

4. Two drops of starch indicator (I) were then added. 

5. Ice temperature 0.1 N iodine was added from a pipette until the excess 
sodium bisulfite was dissipated; a slight excess of iodine, equivalent to about 
1 ml. of 0.01 N sodium thiosulfate, was added. A maximum of 4.3 ml. of 0.1 N 
iodine will be required. Steps 4 and 5 may be carried out on several samples at 
one time, so long as the analyses arc completed within an hour, 

6. By means of the 0.01 N iodine and 0.01 N sodium thiosulfate solutions, con- 
tained in 10 ml. burettes, the end point was adjusted to any selected shade of 
faint-blue color, 

7. An amount of 0.01 N iodine equivalent to the pyruvate-bound bisulfite, 
together with aji excess of about 1 ml., was added. If the sample contained an 
Unknown amount of pyruvic acid, one aliqrwt was analyzed by the Elliott and 
-jsoeiates’® modification of the Clift and Cook procedure' so as to ascertain the 

iproximato volume of 0.01 N iodine required by each of the remaining three 
iquots. 

8. The ice temperature sodium bicarbonate suspension (J) was thoroughly 
ixed and 5 ml. was added. 

9. The excess 0.01 N iodine was titrated with the 0 01 N sodium thiosulfate, 
ad the end point was adjusted to the same shade of blue color as in step 6. 
his end point should be permanent for at least thirty seconds. 

10. The amount of pyruvic acid was calculated by multiplying the net milli- 
ters of exactly 0.01 N iodine by 0.44. 

Blanks on Reagents . — These were made according to the same procedure as 
m the carbonyl determinations, except that 5.0 ml. of 0.05 N hydrochloric acid 
eplaced the pyruvic acid or unknown in step 2. The average value for 30 
eterminations was equivalent to 0.098 ml. of 0.01 N iodine (Table V). 

TESTS OF THE METHOD 

The effect of cooling the reagents and of adding an excess of 0.01 N iodine 
'rior to liberation of the bound bisulfite with bicarbonate is clearly shorvn by 
he data in Table I. The analyses were made on the purified acid (K) . In addi- 
ion, the data indicate a very slow deterioration in the pyruvic acid; the carbonyl 
onteut had decreased by about 5 per cent at the end of 105 days. Biologic 
ests also showed a somewhat greater toxicity with decrease in carbonyl content. 

Clift and Cook' suggested that the reaction between bisulfite and various 
Idehydes and ketones was more nearly quantitative at relatively low acidities. 
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Their results indicated that the acidity for pyruvic acid determination sliouM 
not be greater than 0.1 N. The data in Table 11 show that the addition oiscta 
0.01 N iodine prior to bisulfite liberation and the use of cold reagents pemifteil 
the quantitative recovery of a constant amount of pymvk acid over a mb- 
sidcrable range of acidity. Even though the acidity was great enough to eau?? 
a loss of free bisulfite at 0.6 N acidity, the bound bisulfite was not afetd 
However, when the solution was adjusted to 1.0 N, there was a slight loss® 
bound bisulfite as well as an appx'eciable loss in free bisulfite. The vdde ranp 
in acidity, 0.01 to 0.5 N, is of value in biologic determinations because ii 
eliminates the necessity for accurately adjusting the acidity of the sohitiorsto 
be analyzed. 

Although a final volume of 6.0 ml. is recommended in the procednie, Ik 
data in Table III show that tliis exact volume is not required, if the amount oi 
pyi'uvie acid remains constant. No difference was found by varying the votas 
of the bisulfite-pyruvate solution from 2.0 to 20.0 ml. However, with tte ns 
of the suggested apparatus and concentration of reagents, as well as fora p«- 
sibly better uniformity in results, it would be well to use not over 10,0 id. 
aliquots of the unknown. 

The data given in the various tables were largely obtained without aHwin? 
the solution containing an excess of 0.1 N iodine to stand after its addition. 
The main purpose for such a suggested addition to the procedure is ^ 
venience only; it is time-saving to add the starch indicator and 0.1 N lo m 
to several samples at one time and then complete the titration. The ataa 
Table IV show that thirty minutes’ standing with excess iodine didnotgKS j 


Table IV 


The EfFECT of Excess Iodine 'Upon thf. Stability of Bisolfite-Pyruvate goLpno-S^ 



EXCESS 0.1 N 
IODINE TO 
TERMS OP 

0.01 N 
Na.s,o, 

TIME or 
STANDING 
WITH 
EXCESS 
IODINE 

NUMBER 

OF 

aliquots 

pyruvic acid . 

MATERIAL 

amount 

IN 

aliquot 

amount 


Pure 

pyruvic 

acid'^f 

Mi. 

0.10-1.50 

1.15-1.50 

0.75-1.30 

Hr. 

0-0 

0.4-0.S 

2.0-3.0 

0 

6 

6 

Ug. 

2.50 

2.50 

2.50 

Mg. 

2.4S 

2.49 

2.40 

99,2 

99.^ 

Rat urines f 

1. 0-2.0 

0-0 

7 

- 

0.72 

0.71 

0.07 


1.0-2.0 

1.0-2.0 

0.4-0.8 

2.0-3.0 

7 

7 

- 


Bat urinest 

0.1-1.7 

0-0 

6 

- 

1.C3 

1.06 

- 

1.8-2.0 

l.d-8.0 

0.4-0.8 

2.0-3.0 

6 

0 

- 



•Acidity of 0.05 N with hydrochloric acid. 

tice-temperaturc reagents. 

affect the results, but that two to three hours’ standing may lower 
pyruvic acid content. This result indicates that the a 

may slowly react with the iodine. The same results were obtame 


ture of rat urines as for pure pyruvic acid, ^ ^ jg j5.0 

As a final test of the method, pyruvic acid in amounts of in 

mg. was determined in quadruplicate. Two series of analyses w 
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one scries tlie regular procedure was followed, whereas in the other series an 
excess of 0.1 N iodine was added and allowed to stand for about thirty minutes. 
Inasmuch as there was no essential differeiiee in the results obtained from tlie 
two series, tlie results were averaged and arc presented in Table V. Definitely 
low results wore oI)taincd witli the smallest (0.05 mg.) and largc.st (15.0 mg.) 
amounts of pyruvic acid. Although 97.1 per cent of tlie pyruvic acid was re- 
covered in the 10.0 mg. level, yet 0.3 mg. was lost, whereas in the 0.05 mg. level 
only 0.01 mg. was lost. However, with the concentration of reagents and 
apparatus used, the metliod appeared to be more accurate for amounts of from 
0.1 mg, to 5.0 mg. of pyruvic acid. If smaller or larger ([uantities are to bo 
determined, the concentration of the reagents and the apparatus .should he 
changed so that quantitative recoveries would lie obtained. 


Table V 

Tim Detef.mim.vtiox or V.\r.ious Qiiantitie.s op Pvr.uvic Acm* 


number of 
ALIQUOTS 


PYRUVIC ACID 


amount recovered 


Ml. 

Mff. 

Mg. 

rer Cent 

30 

0.09S 

0.00 

- 

- 

s 

0.092 

0.05 

0.04 

80.0 

8 

0.223 

0.10 

0.10 

100.0 

8 

0.503 

0.25 

0.25 

100.0 

8 

1.135 

0.50 

0.50 

100.0 

6 

2.290 

1.0 

1.01 

101.0 

8 

3.307 

1.5 

1.40 

07.3 

8 

5.584 

2.5 

2.40 

98.4 

8 

11.298 

5.0 

4.97 

99.4 

8 

22.Q09 

10.0 

9.71 

07.1 

4 

31.957 

15.0 

14.00 

03.7 


•Average of two scries of determinations. An acidity of 0.05 ^ ,l*Iitmahloric acid 
.0 mi. aliquots of pyruvic acid : ice*tcniP€rature reaeems ; excess 0.01 N iouine* 


APPLICATION TO CEBTAIN BIOLOGIC MATERIALS 

The method has been used in tliis laboratory in a study of pyruvate metab- 
olism in the intact i*at following pyruvate treatment.^ This work was conducted 
as individual balance tests covering aii eight-hour metabolism period, during 
which time the animals received 6 doses of sodium pyruvate. The amount of 
pyruvic acid apparently not retained by the animal was determined by analysis 
of the urine and of the contents of the intestinal tract. 

The urine was collected over a small amount (about 0.5 gm.) of trichlor- 
acetic acid. The rat was then killed and the intestinal tract with contents was 
removed, finely minced, washed into a small flask, and about 1 gm. of trichlor- 
acetic acid was added. The samples were allowed to stand overnight in a re- 
frigerator and were then filtered individually into 100 ml. volumetric flaslcs. 
After thorough washing, tlie samples were adjusted to volume. For the de- 
termination of the pyruvic acid (total bisulfite-binding substances) content, 
5.0 ml. aliquots were used; this volume, therefore, represented one-twentieth of 
the sample. No adjustment of the acidity of the sample was made. 

The data in Table VI give the amounts of apparent pyruvic acid (total 
hisulfite-binding substances) unabsorbed and excreted by normal young rats 
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Table VI 


Effect of Excess 0.01 N Iodine Upon the Apparent Pyruvic Acid Content of Eat Oriki 
AND Intestinal Content Following Pyrua'ate Treathent* 


BIOLOGIC 

MATERIAL 


NUMBER 

AVEIGHT 

PYRUVIC 

APPARENT PYRUVIC ACID 
PER RAT{ ■ 

SERIES t 

OP 

RATS 

OF 

RATS 

ACID 

GIVEN 

NO EXCESS 

0.01 N 

IODINE 

EXCESS 

0.01 X 

lODIXE 


A 


Gm. 

55.4 

Mg. 

0.0 

Mg. 

1.17 

Mg. 

1.63 

Urine 

B 


60.0 



23,22 


C 


55.0 


58.33 

61.45 


D 


65.9 


98.18 



A 

10 

55.4 

0.0 

1.32 

1.96 

Intestinal 

B 

17 

60.0 

413.6 

1.80 

2.81 

content 

G 

4 

55.6 

585.0 

7.79 

8.69 


D 

14 

65.9 

865.7 

53.45 

5S.C1 


•Ice-temperature reagents. f n 60 90. 

fThe pyruvic acid was given as the nearly neutralized sodium 
and 120 mg. in 3.0 ml. per 50 gm. of rat for series A, B, C, D, --ts were killBi 

period covered 8 hours, during which time each rat received G treatments, me 
1.5 hours after the final treatment. 

tTotal bisulflte-binding substances, calculated as pyruvic acid. 


following several levels of pj-ruvic acid treatment. Although it is uncei am 
that the bisulfite-hinding substances found in the urine and intestinal con cn 
of the control rats (series A) ivas pyruvic acid, the increases following 
acid treatment can reasonably be attributed to the administered j. 

ivith the purified pyruvic acid (Table I), the addition of an e.Kcess o • 
iodine prior to liberation of the bound bisulfite increased the amount o 
pyruvic acid. Furthermore, in similar levels the increase was of the same o 
of magnitude as for the pure acid. 


SUMMARY 


1. An improved iodimetric procedure for pyruvic acid 
solutions of pure pyruvic acid or in certain biologic materials is descu 

2. The essential improvements are (a) the addition of an e.xcess o 
iodine prior to liberation of pju’uvate-bound bisulfite wdth bicarbona 
decrease in the amount of bisulfite with a consequent decrease m 
0.1 N iodine and in total volume of solution; (c) the use of 0. 
thiosulfate ■which permitted a more accurate adjustment of the en P 
to and following the liberation of pyruvate-bound bisulfite. 

3. With the appai’atus used and concentration of reagents eiup 
to 5.0 mg. of pyruvic acid can be quite accurately determined. 
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PK0THK0J\I1UN TiiMK DCTKKMINATION'' 


(JIIVILM: I?. KkLLKY, j\l I)., AND W. E. Bkay, JI.D. 
Chahlottksvillk, Va. 


T he increasiiijr interest in vitamin K (the eoafiiilation vitamin) warrants 
the publication at this time of the jiroeedures used in the recent studies 
on the prothromliin time determination and on vitamin K therapy, as reported 
by AVaddcIl, Bray, (Tiierry, and Kelley.**^ The method of determining^ the 
prothrombin time is essentially that ileseribed by Quick. ■* with certain modifi- 
cations designed to make it more acceptable as a routine procedure in the 
average clinical laboratory. Especially useful is the modification suggested 
by one of us (Itray"*) using capillary blood in the study of pi'othromliin levels 
in the newly liorn infant. 

unni’AHATioN or TURoMnorr.v.STix 

The brain is removed from a rabbit recently killed by etherizing, or by 
bleeding, or by injecting air into the veins: brains of rabbits killed by a blow 
on the head are not satisfactory. The meninges and the blood vessels are 
carefully removed. The brain is then macerated by means of n spatula and 
spread in a thin layer over the surface of a glass iilate. The macerated 
brain is dried in the incubator at 37® C. for two to three days. 

The dried brain is removed from the glass by scrainng with a razor blade 
and then finely chopped with the blade. This givo.s a fine flaky material, 
whieli is more satisfactory than the compact powder obtained when the dried 
brain is ground in a mortar. This material keeps well in the dry state at 
room temperature. Some batches have kept Ihcir potency for over two 
montli.s. The acetone method described by Quield also lias been found satis- 
factory. 

'■I'iivdtion of the Thyomhoplustin . — A 1 .20 suspension of thr()mboi>lastin is 
made in physiologic salt solution (O.i) per eeiit), 0 2 (im. of the dried brain 
in 3.8 c.c. of the salt solution is ample for the titration. Tlie susiionsion is 
lieated at 56° C. for ten miimfe.s, with occasional stirring. The material is 
then ccntrifiigalized at low speed for a few minutes to throw down the coarse 
particles. A turijid supernatant fluid is obtained, containing fine pai'ticles in 
suspension. The following dilutions of tliromlioplastin are set up in 0.5 c.c. 
amounts: 1:20, 1:30, 1:40, 1:60, 1:80, 1.120, and 1:160. This may be con- 
veniently done in two stages; 

(1) Four tidjes are set up in a rack, and into tlie first and second are 
placed 0.5 c.c. of the 1 :20 dilution (i.e., 0.5 c.c. of the supernatant fluid). Into 

•From the Clinicfil Laboratory, Unheisitv of Virginia Hospltnl, Cliarlottesvilip 
Roceivpcl for publication, June 12. 1939. 
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tiwes 2, 3, and 4 arc placed 0.5 e c of 0 4 , *. , 

after mixing, 0.5 c.c. is transferred to h^be 3 ^ *'''''■ 

from tbe last tnbe. These dilutions are 1 -20 \ io\Zo Ti T'" 

(2) Three other tubes are set up jjn7 ! i ' ^ 

cent salt solution. Into tube 1 is n^’ , f 
--ng, 0.5 C.C. is dise^anro?:: 

0.5 c.c. is transferred to tube 3- nnd nft 
dilutions are 1 :30, 1 :G0, and i 120 The^rl'-rr 

ing order. ‘ dilutions are then arranged in ascend 

-1 w r « "o’ «■”' ”"""- 

c«. „» onmnJ ZZ-.Zl *»"«»■« «■« ™ i.<l,l 

titration tismiii. .tm, t*! Pi'otJii'oinbin Time Dotemiiiation," Tit 

me cho a Jih r ”1 '<-»' Far .-..tin. tot. 

narsta, “ '"'®' '” of 'kis tone, time sivia- a ai, 


Example ; 

Tube j 

t^ilution 2 . OQ 

Time in fieeonds IS 


o 

tiho 

IS 


3 

3:40 

3S 


4 

l:fi0 

18 


5 

1:80 

21 


C t 
1:120 l-.B 

oe 


Dilution used 1 -30 Tim +i i -i • 

results of 1- ^3’oinboplastin .su.speu.sion made up aceovding to t!ic 

oofe™! iys iooltox and is sititaMeforwfe 


preparation op blood 

32 mm. tuheu'17'^ capillary blood may be used. For venom biondIflOx 
M/10 sodiiin ® ^cc. dhe tubes are calibrated to 2.0 c.c., and 0.2 c.c. of 

on hand ^'"dh a cork. Several of these may be prepared and kept 

0.5 c.c and <5 x 10 mm. tube.s are used. They tire calibrated at 

These nmv h ° ^ ^ M/10 sodium oxalate solution is placed in each tnlif- 

‘ f 00 prepared and stoppered. 

and immpr)i'7 blood about 3 c.c. of blood are dra-wn into the syrinpc- 

to the P 0 n " ®^ough is added to the oxalate tube desci’ibed above to Si'f 
the tubrtivp'^n,!'1/77^°” oxalate and blood are mixed by fdbn? 


the tube flvo . ouii-K. -jme oxalate and blood am 

ture a fresi times. In case there is any difficulty in making the 

a new cifn ^ ^ syringe should be obtained and the puncture 

a new site. Thru nvoio+„,i n. .. , . _ . 


a new uitn 7- syringe should be obtained and the puncture imdc af 
overnio-ht 7+i blood may be placed in the icebox for as Ion? a‘5 

IVb ^^^y significant change in the prothrombin timf- 

unr,7 ^ desired from an infant, it may he obtained by punefnii”- 

STT r\Al*3 A-»» t - . ' ^ i i 


thr. -^rom an intant, it may be ob.. * 

sliffhflv ^ 0^^8'itudinal sinus through the anterior fontanel, ohtsmnr 
sugiitty over 2 o n i . ' •■•’ 


uPo-itfiTr &U 1 US xnrougn the anterior mnuiu^., - 

that bfoorl comparative studies have 


+iin+ um.. 1 X 7 „ AAowever, onr comparauve siumca 7,< — 

suits uu hi ^ Princture of the heel gives practically fkc 

tnvo 7 « tJ °°T fr®*’^ tbe longitudinal sinus. The preferred site o P” 

/> 1 plantar surface of the liecl rather than tlie fat pa<l 

center of the heel. The site is cleaned with alcohol and the area coated aifk 
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vaseline. After making a sati.sfaelory pimcture, blood is obtained iip to tiie 
0.5 c.e. mark in tlie tube deseriljcd above. This should be done with frequent 
.shaking to kec]) the blood Avcll mixed with the o.xalatc. Paraffined tubes may 
be used, but we have found this precaution unnecessary. 

'When blood is desired from the umbilical cord, it is usuallj' collected from 
the cut surfaec, using the tube.s calibrated at 2.0 e.c. 

The plasma is obtained after centrifugaliziiig the blood for five minutes 
at a relatively low speed. 

TECHNIQUE OF TIIE rKOTIIROIIBIN TIME DETERJIINATION 

Thin-walled test tubes, 100 x 12 mm., arc used. Tlie tubes are con- 
veniently held in a 'Wassermann rack. By means of the Folin mierosugar 
pipette 0.1 e.c. amounts of well-mixed thromboplastin suspension are delivered 
to as many tubes as arc needed. With a similar pipette 0.1 e.c. of the jilasnia 
is added to the thromboplastin suspen.sion. Each test is done in duplicate. 
This thromboplastin-plasma mixture may be bold at room temperature for as 
long as an hour, without significant change, but .should not be kept in the 
ivafer bath longer than is necessary for earrying out a small number of tests. 

A suffloient amount of M/40 calcium chloride solution (0..3G5 Gm. calcium 
chloride crystals per 100 e.c. water) containeil in a test tube is placed in a 
37° C. water bath. When the thrombopla.stin-pla.sma mixture is prepared, it is 
warmed to 37° C. in the ivater bath and 0.1 e.c of the ivarm calcinm chloride 
solution is added by means of a Folin pipette, at the same instant starting a 
stop watch. The tube containing the mixture .should be kept submerged dur- 
ing this procedure. At the end of fifteen seconds and at every two-second 
interval after that the tube i.s momentarily taken from the water bath to be 
observed for clot formation. This is bc.st .seen by tilting the tube, as the clot 
forms in a rounded mass and slides along the side of the tube. The watch is 
stopped at the first sign of clot foiiiintioii. 

In some markedly dehydrated newborn infants it may not be possible to 
obtain sufficient plasma from the 0.5 e.c. blood specimen to run the routine de- 
termination. In such cases the w’hole blood may be used for the test. The 
same technique is used as for the plasma. 

In order to check the system a control determination should be made at 
the beginning of each set of tests. Either fre.sh blood from a healthy adult 
or blood with a known short prothrombin time, which has been kept for not 
longer than twenty-four hours in an icebox, may be used for this control test. 

FINDINGS AND DISCUSSION 

Our results in the first 100 prothrombin time determinations on normal 
adults are tabulated in Table I. 

The ivide variation and high average of the prothrombin time determina- 
tions made during the month of February, as compared with the findings in the 
four following months, suggest that there may be a seasonal variation in the 
normal level. This study is not extensive enough to make any definite state- 
ments, but this point seems worthy of further investigation. 
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Table I 


Prothrombin Time op Normal Adults 


MONTH 

CASES 

LOW 

high average 

(time in .SErO.N’DS) 


Feb. 

2S 

15 

40 

28.07 


Marcli 

21 

17 

25 

20.57 


April 

10 

IS 

25 

21.1 


May 

31 

17 

27 

21.8 


June 

10 

19 

24 

22.1 


Total 

100 

Jo 

40 

2:u 



The average prothrombin time, that is, 23 seconds, is the same as tlwf re- 
ported by Quick and co-'\vorkers,'‘ and also by Butt, Snell, and Ostevberg.'' 

As reported by Bray and Kelley,’’ the prothrombin time of cord blood in 
ease of normal infants is usually -wilhin the range of normal adults. A pro- 
longed prothrombin time of cord blood may occur in hemorrhagic disease of the 
nevdy born infant. 

The prothrombin time of the normal newly born infant is very variabh 
It tends to be low and within normal adult range on the first day, rises to a 
peak higher than the normal adult range between the second and fifth dajs, and 
then comes down rvithin the normal adult range after the fifth day. In I'wno!’ 
rhag'ie disease of the newborn the prothrombin time may be very high; itiaa.' 
also be high without any evidence of bleeding. 

When rvhole blood is used, the results in normal prothrombin times arc pwf 
tically the same as when plasma is u.sed. In eases of prolonged prothioia™ 
time the whole blood may give a longer time than would result from 
plasma. However, rve do not feel that this is objectionable ; in fact tlie ' " ' 
of the prothrombin makes for a more delicate test. 
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HRArOliYTIC EFFICCTvS OF FTIIVL AND (’APKVLIC ALCOHOL^- 


Paui, Ij. !M(’Oain% M I)., PiTTsurmiH, Pa. 

C APFVLIG alcohol is coiiimonJy wsvd to pivvciit foaming, particularly of 
blood and other body fluids.* Experience lias shown that the addition to 
blood of this substance, even in small i|tianlities. freipicntly causes licmolysis. 
This study was designed jnamarily to determine the hemolytic power of caprylic 
alcohol. Comparisons were made with water and with ethyl alcohol, both of 
which arc well known hemolytic a.gents.’* ‘ 

1‘UOCKniun 

Ten .samples of fresh, dcfibrlnalod ox blood and five sj)cciincns of hog’s 
blood were used. The hemolytic agents were added directly to the blood in the 
following ])roporlions (reagent : blood ) : for water. 1 .10, 1 :S, 1 :6, 1 :4, 1 :2, 1 :1, 
2 :1, 3 :1; for ethyl alcohol, 1 •.20, 1 :10, 1 -.6, 1 to, 1 ;4. 1 :3, 1 ;2, 1 -1 ; for caprylie 
ftlcohol, 1 tl.OOO, 1 :600, 1 thOO, 1 ;400, 1 :300. 1 ;200. 1 :10n, 1 :50, 1 :2r), 1 :10. .Alix- 
tiiros showing ])ei'cei)tiblc darkening, extreme darkening, transparency, and 
(for the alcohol-blood mixtures) hemolysis ni 0 9 per cent .sodium chloride .solu- 
tion wore noted at intervals of five, fifteen, thirty, forty-five, and sixty minutes. 
Thorough mixing by gently inverting tbc tubes preceded each observation. 

Tlic various criteria of hemolysis were judged in the following manner. 
Pcrccjitiblc (larh'cning was determined by comparison witli a tube of untreated 
blood from the same general sample. Extreme darhening indicated the plum 
color characteristic of hiked blood. Tran.^pareneg denoted ability to see print 
clearly through the blood film left by inversion of the test tube. Ifemoh/ftis in 
0.9 per cent .wdiim chlondc .^ohition was tested by transferring a small amount 
of each blood mixture to a tube containing 5 cc. of tlie salt solution. 

Resistance to hypotonic hiking of red cells from mixtures not completely 
hemolyzed after one hour wa.s tested by transferring small amounts to sodium 
chloride solutions having concentrations of 0.42 to 0 90 j)cr cent. 

All observations w’crc made at room temperature. Tlic average was 23.9° C., 
witii extremes at 21.0° and 2S.0°; comparisons were made at equal tempera- 
ture.s. 

Rr-SULTS 

Results arc summarized in the accompanying table.s. Table I shows the 
dilution of hemolytic agent in blood at which tlic various criteria of hemolysis 
aiipcarod in one hour, together witli the extremes encountered and the per- 
centage of samples having tbc median value. Considerable variation oeenrrod 
with regard to perceptible darkening, whieli I’cprescnts the earliest detectable 

riltsburEh*” Department of ami rharniacoloffy, TJnivorsitv of Pitt.«iburRli, 

Ucoolvetl for publication. Mar 23. 1939. 

5.^1 
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Stage of hemolysis. Extreme darkening and transparency, indicating virtually 
complete hemolysis, gave more nniform results. According to the latter erilcria 
et)i.rl alcoliol showed approximately four times tlie Liking power of water, wliilc 
eapiylic alcoliol was fifty times as powerful as ethyl alcohol and two liiindreil 
times as powerful as water. Hemolysis in 0.9 per cent sodium chloride solnfion 
was reeoz’ded only for mixtures containing tlie alcohols. JtesuJts were practically 
the same as those for transparency. Some slight differences hetweon ox Hood 
and hog’s blood arc shown in Table I. 


Table I 


PiLUTIONS OP tVATER, BtIIYL AiCOHOL, AND CAI’RYLIC ALCOlIOIi AT WuiCH 
VAMOUS CniTERIA OF He.WOLYSIS ArCEAK 


CRITKKIA OF 

IIKMOIaYSIS 

WATER 

ETHYL ALCOHOL 



EX- 

TRE.'fES 


EX- 

THE^fES 

MEDIAX 

K- 

TTXMtS 

Ox blood 

Perceptible darkening 
B.vtremo darkening 
Transparency 

Hemolysis in 0.9% NaCI 

DU. 

0 

1 

Per 

Cent 

80 

90 

80 

DU. 

4,0 

1,2 

1,2 

DU. 

10 

4 

4 

4 


DU. 

4,5 

_ 

Dil 

400 

200 

200 

200 

Fer 

Cent 

20 

SO 

50 

70 


Bog’s blood 










Perceptible darkening 

o 

80 

2,1 

0 

100 


300 

CO 

300, i0« 

Extreme darkening 

1 

80 

1,2 

5 

00 

4,5 

200 

100 


Transparency 

1 

100 


4 

so 

4,5 

200 

100 


Hemolysis in 0.9% NaCl 




4 

100 


200 

100 

— — 


Notes: Figures 
in the test mixture, 
the median value. 


in “dilution" columns represent parts of blood per 
Figures in "per cent" columns lefer to the percentage of samp 


While eaprylie alcohol was a much more powerful hemolytic apih 
ethyl alcohol or water, it was slower in develoiiing its maximal effect. ) 
maximum liemolytic effect of tvaler was reached in five minutes and that of ct i} 
alcohol in less than fifteen minutes. Caprylic alcohol, on the otlier liand, causc^ 
laking in progressively tveaker dilutions during one hour and may not lav 
reached its end point in that time. 

The osmotic resistance of cells from mixtures not completely 
after one hour is shown in Table II, which shows also the direction of 
from the control value for individual sainiiles. The recorded figuie 
resistance represents in each case the midpoint of the zone betucen 
hemolysis and imperceptible liemolysis. As only largo differences ve'® 
terest, no attempt was made to measure fragility of red blood cells 
accuracy. None of the water-blood mixtures showed important a ju 

osmotic resistance. In every instance, mixture of ethyl alcohol uM 
proportions of 1 :5 caused a large decrease in resistance to liypotoin 
while 1 :10 dilutions resulted in a definite decrease in but one 
teen. In the ease of caprylic alcohol, the great majority oi r --v - 

completely lakcd, while 1:300 and 1:400 dilutions uniform^ were ai’' 

decreases in osmotic resistance. Smaller hut still definite dcci eases 
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served ill a majority of 1 :500 dihitioiis with ox blood, and a few even in dilutions 
of 1:600. Ajjfain differences between ox and hogs blood were noted but were 
considered of doubtful sip^nificance. 


TAmn II 


Osmotic Hcsistaxck of Rkd Bi-oot» Cells Exposed to Various Hemolytic 
Aoexts ^'^1R OxE Hour 


HEMOLYTIC 

AGEXT 

1 

DILU- 

TION 

, OSilOTIC 

RESISTANCE 

) CHANGE IX OSMOTIC RESISTANCE 

EX- 

THEMES 

AVO. 

MED. 

decrease 

[ increase 

NO CHANGE 



VcrCrnt 

Per 

Per 


1 Per 1 

Num - 1 

1 P^r 1 


Per 



1 NaCl 

, r<iif 

Cent 1 

her 1 

Cent 1 

her 1 

Cent 1 

her 1 

Cent 

Ox hlood 





1 






Control 


0.43-0.52 : 

0 48 

0.40 







tVntcr 

1 

0.4.3-0.45 

0.44 

0.44 1 

" i 

0.0 1 

0 1 

0.0 1 

2 1 

100.0 


o 

0.47-0.52 

0.40 

0.40 

0 

0.0 1 

0 1 

0.0 

8 ! 

100.0 

Ethyl alcohol 

5 

1 0., 53-0.85 

0.00 

0.0.5 

111 ! 

100.0 

0 

0.0 

0 

0.0 

10 

0.40-0.54 

o..>n 

0.")i) 1 

0 

0.0 1 

0 1 

0.0 ' 

9 

100.0 

Capryiic alcohol 

1 300 

1 0.55-O.S5 

0.72 

0 75 


100.0 

0 : 

0.0 

0 

0.0 

1 400 

1 0.51-0.85 

0.(j.> 

O.O.l 

}> 

100 0 

0 

0.0 

0 

0.0 


500 

, 0.47-0.05 

0.51» 

0.00 

7 

S7..5 

n 1 

0.0 ! 

1 

12 5 


(500 

0.43-0.05 

0.53 

0 5.1 

.1 

50 0 

0 ' 

0.0 

2 

50.0 

Jloy’s blood 











Control 


0.40-0.49 

0.47 

0.48 







tl’atcr 

5 ^ 

0.40-0.49 

0.47 

0.4 S ' 

0 

0.0 

0 

0.0 

5 

100,0 

Ethyl alcohol 


0.05-0.85 

0.80 

0 70 ' 

) 

100.0 

0 

0.0 

0 

i 0.0 

0 

0.50-0.00 

0.58 

0.55 

'{ 

00.0 

0 

0.0 

2 

40.0 

Capryiic alcohol 

10 

0.44-0.58 

0.47 

0 40 

1 

25.0 

0 

0.0 

3 

75.0 

300 

O.SO-0.90 

0.85 

0.85 

5 

100 0 

0 

0.0 

0 

0.0 


400 1 

O.jI-O.GO I 

0.57 1 

0.57 1 

5 

100.0 1 

0 

0.0 1 

0 1 

0.0 


500 

0.40-0.52 ' 

0.49 1 

0.40 

0 

0.0 ! 

0 

i 0.0 1 

5 

1 100.0 


ftOO 

0.47-0.52 

0.48 

0.40 

0 

0.0 

0 

0.0 

5 1 

1 100.0 


Notes Fi^vno*? In "cllUitlon’' column icprosrnl pnit** ot blooil per one P-xit of Jcagent in 
‘lie test mixtuie. Onlj' samples showing altonatlon m osmotic resistance m excess of 0.04 
per cent sodnini chloride arc conskIete<i as changed m this table 


The results indicate also tlic proportions of tliesc reagents which may bo 
lidded to blood without gross hemolysis in one hour. Water failed to produce 
perceptible darkening iii dilutions of 1 :S, while 1 ;6 dilutions showed this in SO 
per cent of the ox blood samples. Extreme darkening and transparency never 
appeared in dilutions of 1 :4 but were almost the rule in 1 :1 mixtures. Ethyl 
alcohol uniformly caused some licmolysis in 1 :10 mixtures with ox blood but 
never in 1:25 dilutions. Extreme darkening and transparency failed to appear 
at 1 :6 but were rather frequent at 1 With capryiic alcohol, perceptihlc dark- 
ening was never observed in dilutions of 1 ;1,000 and appeared only once at 
1 :600. It occurred at 1 ;500 in 30 per cent, at 1 .400 in 20 per cent, and at 1 :300 
ill another 30 per cent of the ox blood mixtures. Extreme darkening never 
appeared at 1;400 and only once at 1:300. Eighty per cent of the ox blood 
and all of the hog's blood samples showed extreme darkening at 1:200. Trans- 
pareney did not develop in dilutions of 1 :300 but was pre.seiit in half of the ox 
blood and all of the hog’s blood samples at 1:200. 

SUJIMARY 

1. The relative licmolytic powers of water, ethyl alcohol, and capryiic 
alcohol were tested at room temperature over a period of one hour by mixing 
the hemolytic agents with defibrinated blood in various proportions. 
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2. ^Yatel• caused hemolysis rather uniformly in dilutions of 1:1. Etlivl 
alcohol was found to have approximately four times the laking power of watef. 
Caprylic alcohol had aboirt fifty times the laking power of ethyl alcohol and two 
hundred times that of water. 

3. Resistance to hypotonic laking of cells from mixtures not completely 
hemolyzed in one hour was unchanged when water was the hemolytic agent, 
and decreased over a limited range in the ease of ethyl alcohol-blood and 
caprylic alcohol-blood mixtures. 

4. The following dilutions of reagent in blood seemed practically devoid of 
gross hemolytic effects in one hour: for water, 1:8; for ethyl alcohol, 1:25; for 
caprylic alcohol, 1 ;600. 

It is a pleasure to acknowledge tlic helpful suggestions of Dr. C. C. Guthrie and Dr. 
T. K. Kruse. 
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THE LANGE TEST'' 


II. 


The Influf.nce of Particle Size and Hydrogen-Ion CoKCES’mi'ios w 
Gold Sols Upon Lange Test Readings on Syphiditic and Tabetic 


Spinal Fijuds 


P. K. Glasoe and C. II. SorUjU, Madison, Wis. 


E xperimental results summ.irizcd in a previous paper’ 

the seiisitivitv of gold sols in tlie Lange test for paresis increases « 
increase in particle size and decreases with increase m pn. 
paper summarizes the results of a similar study with syphilitic 
spinal fluids. The gold sols used were prepared by the nuclear j,ll 

method in exactly the same manner as in the study with paretic fhit s, a 
techniques were carried out as previously described. 


Table I 

IXFLrEN('E OF PARTICLE SIZE ON SYPHILITIC 


Eemungs 


SYPHILITIC FLUID “b” 
Average particle size in 
millimicrons 
43 
40 
3S 
3G 
23.5 


readings 

4443321 

3321000 

3310000 

.3211000 

.3100000 


♦From the Department of Chemistry. University of AVisconsin, iSfaciiso 
Received for publication, May 25, 1939. 
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The results obtained arc summarized in Tables I to XV. The eleven sets 
of syphilitic data were selected at random from a large amount of similar data. 
The four sets of tabetic data represent all the information obtained on tabetic 
fluids. 


Tabuf. II 


iN'FU'KxrF OF PartI(’i.r Sizf ON' Sveiiir.iTic RfABIN'OS 



SYPHILITIC FLUID “C” 

pll OF SOLS 0.99 


Average particle size in 
millimicrons 

43 

41 

39.5 

38 

Test readings 

3332100000 

1233100000 

1121100000 

niooooooo 


T.vnix III 



Influenck op Paiiticle Size on 

Sm'dilitic Reapings 


SYPIHLmc FLUID “F” 

pH OP SOLS 0.0 


Average particle size in 
millimicrons 

43 

41 

39.5 

38 

Test readings 

43.32100000 

2233210000 

1I22100000 

1221000000 


TAD1.B IV 



Influe.n'ce op Particle Size o.v 

Syphilitic Rj:adings 


SYPUIUTIC FLUID “D” 

pH OF SOLS (i.O 


Average particle size in 
inillimicroiis 

45 

43.5 

38 

35 

Tost readings 

.3.333210000 

2.333210000 

2233100000 

1222100000 


Taui.e V 



Influence op Particle Size on 

Syphilitic Readings 


SYPHILITIC FLUID “g” 

pll OF SOLS 7.4 


Average particle si/e in 
millimicrons 

43 

41 

39.5 

38 

Test readings 

2.333100000 

1221000000 

iiooooonoo 

0000000000 


Table VI 



Influence of j’H ox Syphilitic Reading.s 

_ 

SYPHILITIC FLUID “ll" 

PARTICLB size 43 MILLIMICRONS 


pH 

7.38 

7.01 

6.62 

6.10 

Test readings 

2333100000 

.3333100000 

4332100000 

4433210000 
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Table VIT 

1nei,uence of pH on SypiiiLiTic Eei^bings 
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T\blk XII 


INFLUENCE OF PAHTICXC SiZE ON TAfltTlO READINGS 


TABETIC FLUID 

pii OF SOLS 7.90 

Average particle size in 
millimicrons 

Test readings 

42 

3444432100 

41 

2344421000 

.30 

2334421000 

30 

1233410000 

23.5 

1122210000 


Table XIII 

Influence of rAUTtcix .S'/zr on Tabctic Readings 


TABETIC FLUID pll OF SOLS 7.30 


Test readings 
5355o-i3210 
5555513100 
3414330000 
2234310000 
1233310000 


Average particle size in 
mUliraicrons 
42 
41 
SO 
.30 
23.5 


Table XIV 


Infeuenue of pn o.N Tabktu’ Readings 



PAItTlCLE SI?E 41 millimicrons 


Test readings 

7.90 

2344421000 

7.50 

3444431000 

7.28 

3455432100 

o.co 

3555541100 

0.00 

.5.^55554211 


Table XV 


Influence of pH on Tabrth’ Readings 


TABETIC FLUID '‘B 

P 

8.20 

7.80 

7.50 

7.30 

6,60 

G.OO 


PAETKT. F. size 41 MlLLnilCnONS 
Test reading 
2343220000 
3444331000 
4455543210 
5555543100 
5555533110 
5555555422 


SUJIMAUY 

The results indicate that, as in the case of paresis so in the case of syphilis, 
the sensitivitj' of gold sols in the Lange spinal fluid test increases ivith increase 
in particle size and decreases with increase in pH. Although only a limited 
amount of data is available on tabetic lluids, tlio results obtained indicate that 
these fluids respond to changes in pH and particle size of gold sols as do paretic 
and syphilitic fluids. 
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Adelia McCrea Pw T) ta 

' -i H.D., Detroit, Mich. 

TN A recent issue of Druo- Ti-i/^i at 

, to tln-ee methods for makiEo- W ooosiderabJe discussion ws give,, 

Rlarmann," and by Taft.^ R R tosts; those advoeafecl byBeddisV 

to suggest a method Mdiiel sht 
to survive adverse conditionr '' 

of fungicidal ageiR^rtfet^rflTlr" ^’as proved useful in pnacticai tesfk 
basic method has now been foJImJrr outlined briefly. Ttb 

uaturalR, been subject to slio-bi yoars in our laboratories and ks, 

penence. R seems advisable to • I’esponse to continued e.v. 

evidence favorable for this method^^^^ unnor changes and to revien-ftf 

test substance!" VtheVRetmT ''"^"tancling factors: the fungus and tie 

two must be definite rpn,.n+ ’^'oriable according to conditions; but these 
tained in different labornto ^'oasonably standardized, if results oh- 

major point ti' 

comparable to bacteria uiind is that fungi of mold tyjie are not closelr 

methods. A mold eonsisic^ handled snccessfiilly by the same 

trieately woven together ZtT P^^’ts (byphae), more or less in- 

With a great variety of s . uiycelium; and of fruiting portions 

plants. Some of the 1 which are comparable to the seeds of higher 
(rhizoids) can penetrntp feeders which by their rootlike parts 
Other hyphae (sporonho • Z '’ibsorb food for the whole plant 

upon which the spores to bear specialized fruiting branches 

u shrub or tree than it ^ ^''''eloped. In fact, a mold more nearly reseiuhlfs 
A single species f f ^ bacterium, so far ns stnichirc is concerned, 
of spores, as well as hv reproduce by three or four different types 

made suspension of mold ^^^ffbrgs” of the mjmelium. Any properly 

characteristic of the S^^^^rth will contain not only^ several types of sponf^ 
which may form a n fragments of hyphae, any intact cell of 

to fungieidal an-ents +r' speaking, spores are more resistant 

which is to be used tiyphal cells. Clearlj', then, a fungous cuifi"'^ 

for a sufficient time to ^ alloivcd to grow \mder favorahk condihor^^ 

Like the higher nl!!!'!™r . 

i.e., to "rinen’’ ^ ’ m the length of time required to niatim, 

seventy-two hours isZ„m°-'^‘) and related types, forfy-ei# 

— cieiit. Por many species of Aspergillus, Pemoiitai 

•From the Parke, Davis 

Recciven for puw'int'mT, t”” Ue.se,arch Laboratories:, Detroit, 
iaiiajcation, June n, jgjn 
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etc., soventj’-two to ninety-six lioufs will suffice; but tho.so species which produce 
(iscosporcs should grow ton day.s to two weeks before being used in suspensions. 
Among the true dermatophytes — species of Triciiophyton, Epidermophyton, 
iiicrosporum, Achorion — two weeks is the shorte.st, four weeks the longest, 
period of growth permissililc if a fair te.st is to lie made. This insures that a 
norma! mature growth of the fungus in a vigorous state with charaoteristie 
•spores will lie ])itted against the te.st sulistanee. Some .si>ecies of these genera 
scarcely begin to form their niacro.spores C'fu.seaux”) in five day.s, which is 
the growth period set l)y the fieddisli method.^ To use an immature five-day 
eulture of such a species will give an erroneously higli value to the fungicide 
being tested because such young mycelium is more easily killed. 

The glass bead method advocated liy Klarmann is also open to criticism. 
Aside from a few "water nudd.s,” parasitic on aquatic animals and plants, 
there are not many filamentous fungi which develop normally in a liquid 
medium. Altliough beads otfiu- a platform upon which the fungous mat may 
re.sf, the hyphac cannot penetrate to obtain a firm hold. .Shaking such rela- 
tively weak groivth witli the beads to form a .suspension is a questionable 
practice. Hyphal walls and spore cells arc ruptured, and the resultant sus- 
pension deteriorates before the real test begins. It is as if one were to take 
a geranium eutting, bruise it badly until the cells were broken and their con- 
tents oozing out, then pot it and expect a normal plant. In this connection, 
attention should be directed to a mi.sinterpretation of my earlier study^ by 
liurlingame and Reddish.” Al no time hare I advoentrd the ii.se of glass heads 
m the preparation of either gi'owth or suspension for testing. 

In my cxiierienec the agar clip plate method iias proved unsatisfactory 
for mycologie work, exeeiit to give confirmatory evidence of the results ob- 
tained by the test tube method, and for testing ointments or gels. The rela- 
tion is negligible between a soft agar jelly and the horny, keratinous tissues 
of skin, nails, and hair whicli arc the natural halntat of dermatophytic fungi. 
These pathogens do not iienetrate into the deeper layers of the skin, nor into 
other tissues beneath it. Sears are not left from infection. If penetration 
iinist he included in a fungicidal test (which I am not ready to concede), then 
d should be studied through the use of fungi growing upon horn scrapings, 
nail clippings, hair, or skin. Although possible, this is scarcely practical be- 
cause of the time usually required for such cultures to attain suitable growth — 
about six to eight weeks. 

These fungi are strongly acrohie. (Even the fungi which infect internal 
organs, as the lungs, are harmful (piitc as much because of occhision of the air 
spaces as because of actual attack upon tlie tissues.) Temperature is another im- 
portant factor. Pew species will grow rvell and many are killed if kept at 
Ifiood temperature. (Our cultures are grown at 27° to 32° C. During hot 
'feather they are placed in the refrigerator to retain their vitality.) Conse- 
tmently, Taft’s* delayed cup plate test is inconsistent with the nature of these 
organisms. The fungus is both overheated and smothered before one proceeds 
"'ith the test. 
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The ideal method would be to test fungicides against actual conditions 
on patients. As this is not .feasible, the next best way might seem to be tie 
production and treatment of lesions on animals. This would be my method of 
choice except that it is limited to the species Avhich are parasitic upon lower 
animals, hence does not include all the fungi pathogenic for human beings. 
However, we make considerable use of it wherever possible. 

Details of the method I employ are outlined briefly below. The formula 
for Sabouraud ’s medium, the species of fungi used, and other explicit in- 
formation are to be found in a previous report.^ In addition to the two species 
mentioned, Trichophyton interdigiiale Priestley and Epidermophjton nfhriim 
Cast., two other dermatophytes are usually tested, Achorion gypseum Bodin ami 
Microsporum lanosum Sab. Frequently Aspergillus niger Tieghem is included 
when information is desired as to the effect of the test substance on laboratoiy 
w'eeds. 

I. Spore Suspension. Here is where the crux of the test really lies. A 
poorly prepared, deteriorated suspension is much easier to kill than one vHch 
contains the spores and mycelial elements of a normally vigorous, sporulafing 
fungus. 

In growing the cultures of skin fungi for test purposes, test tubes 18 by 
140 mm. are used, with 8 c.c. of Sabouraud ’s glucose agar, slanted 
butt of about one-half inch, and planted while fresh so that growth wi 
the entire surface. (Equivalent surface in flask cultures would, o 
as well.) "When mature grov^d.h has occurred, as described above, 
is prepared by washing the surface with sterile, distilled water, or 
species as Monilia and related forms, 10 c.c. per tube are used, j 

tures as Aspergillus and Penicillium, 12 c.c. per tube ; for dermatop 
8 c.c. per tube. The underlying medium should never be bro'en, 
may sometimes need to be dislodged by gentle strokes of a bent n ire or 

Spores and mycelial fragments are prone to “clump’ in gioups, ® 
suspension should be strained through sterile cloth double ^ 
single, if mull is used. This gives a homogeneous suspension 
spores (eonidia), macrospores (“fuseaux”), and mycelial ce s ir 
liquid. Because of these multiple elements in a fungous fro® 

found a counting chamber of value, and rely upon the groiv ^ parable 
a comparable area of a thrifty culture at a definite age to handH'’? 

suspension; I believe this to be as nearly exact as one^ can gach 

living materials. Control tubes are planted at the beginning an 
dilution tested. _ . {or a 

II. Test Substance. Dilution Series. There is is read''-'’ 

dilution series. The usual Pood and Drug Administration instead d 

applicable, except that planting should be made upon agar me {gr 

liquid. In most cases, a preliminary, wide dilution series wi 

the final series of dilutions. _ j,oiir ex- 

III. Exposure Intervals. We use one, five, ten 
iiosure intervals. Wlien fungistatic effect is to be studied, ^ 
made for any desired period. We customarily allow' thiee 
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JV. Inciil)atioii Period. Por short lil'e-cj'cle fungi, ns Monilia, Cryiitococ- 
(MIS, etc., final records may he taken seventy-two hours after planting. 

For longer life-cycle species, ns the dermatophytes, the 7\spei‘gilli, the 
Penicillia, etc., records should not he considered conii)lete until at least one 
week after testing. Germination often may he delayed a few days, with a good 
growth appearing later. 

For practical purposes, no otlier metliod yet devised is as satisfactory as 
this in vitro (test tube) method to give comparative criteria on liquid fungi- 
cidal agents. Its outstanding advantages are: 

1. It uses only tlirifty, mature eiilturcs witli their spore.s well developed 
as they are found in nature. 

2. After the suspension has been properlj' prepared, this method is closely' 
comparable to the well-known ofTieial method of testing germicides, (F.D.A,, 
with or without the Shippeii modification.) Adequate controls aid in correct 
interpretation of results. 

3. It gives ample scope for tudividual choice of dilution series and time 
intervals. 

4. Its rc.sult,s caji ho chcck-le.stcd witlioiil much delay, i)rovided a sufficient 
number of cultures was prepared in the original planting. In laboratories 
wlierc much testing is carried on, cultures may be planted routinely at two- to 
three-week intervals so that they arc available at all time.s in a suitable stage 
(d development. 

Bacteriologists, chemists, and general technicians should realize the neces- 
sity to consider the mycologic nature of species wliieli they use in any fungi- 
cidal test. True data and fair comparisons arc not possible unless this is done. 
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THE CENTEIPUGB TECHNIQUE IN THE HETEROPHILE 
AGGLUTINATION TEST'^ 


Alvin Hollander, B.S., M.S., Brooklyn, N. T. 


C ENTRIEU6ATI0N offers a rapid and reliable method for agglutination- 
tests. It was first established as a routine procedure by Sehilf' in lis 
monograph on Idood grouping. The results of heterophile agglutination tests 
performed by the centrifuge method are here presented. 

The test is done in Wassermann tubes, 1.3 cm. wide by 10.3 cm. long- In- 
activated serum is diluted serially in steps of one-half and added to tlie tubs 
in a volume of 0.5 c.c. One-half cubic centimeter of a 2 per cent suspension 
of washed sheep cells which have been collected twenty-four hours pre^ioiisl; 
is then added. The mixtures are centrifuged for five minutes at about 1,® 
r.p.m., and are then shaken and read for agglutination. Table I compares SS 
various sera and 5 sera from cases of infectious mononucleosis examined ly 
the Paul-Bunnell and the centrifuge techniques. 


Table I 


POSITI-VE IN 

i WASSEUXtANN SERA 

INFECTIOUS 

MOXOXl'CtEOSlS __ 

DILUTION or 

SERUM 

CENTRIFUGE 

METHOD* 

PAUb-BUNNELh 

METHOD* 

CENTRIFUGE 

METHOD 

method 

1:2 

27 

28 



1:4 

23 

20 



1:8 

22 

20 



1:1C 

13 ' 

0 



1:32 

2 

4 



1:64 

0 

2 



1:128 

1:256 

1 


1 

1 

0 

1:612 



1 

I 

1 

1:1,024 



1 

1:2,048 



0 


*No agglutination was observed 
in 5 and 6 sera, respectively. 

■with either tije centrifuRC or the 


It is seen from the table that xvitli the centrifuge 
toward agglutination with higher dilutions of serum, indicating 
sensitivity of this reaction. In no case, however, was a diffeienee 
than one dilution observed. Tlie rapidity with which 
glutination test can be eomjileted Iry means of centrifugation gnes 
advantage over the Paul-Bunnell technique. 


1. Sehiff, F. : 


REFERENCE 

Die Teclinik der Blutgruppenuntersuclinng, ed. S, 


Berlin; 


19.S2, Julms Spnar 


♦From the Division of Bacterioiogj', Jewish Hospital of Brookijn- 
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THE APPLICATION OF AN ENDOSPORE STAIN TO BLOOD SJIEARS 
FROM OPSONOPIIACOCYTIC TESTS* 


D. W. BRUNOf, D.V.M., AND P. U. Edwards, Ph.D., 
Lexington, Ky. 


I N ORDER to obtain an a<*curate fount of the bacteria pha^^ocytized in an 
oi)sonoi)hajrocytic test, it is necessary to employ a stain which will cause 
the en^nilfed organisms to stand out distinctly within the cytoplasmic sub- 
stance of the leucocytes. Recently, some dilYiculty was encountered in stain- 
ing a Brucella sti-ain of c(iiiinc origin in blood smears made from opsono- 
phagoeytic te.sts. AVright’s stain, although producing excellent results with 
the Idood cells, did not color the bacteria intensely enough for an accurate 
count. Hastings’ stain gave more deeply colored microorganisms, but the 
contrast between the l)aetoria and the phagocytes was not as striking as we 
wished for our tests. Since the organisms were gram-negative, the Gram 
stain was of no value. Otiior attempts failed to pi’oduce the desired dif- 
ferential staining until a modified form of the Schaeffer and Fulton* endo- 
spore stain was used. 

Schaeffer and Fulton* simplified the endo.sporc .staining technique of 
Wirtz® by eliminating fixing in osmic acid, shortening the time of staining, 
and substituting aqueous safranine for dilute carl)olfuchsin. The procedure 
as evolved hy them consisted of flic apiilication of a 5 per cent aqueous 
malachite green .solution to .smears fixed by flaming. This stain was heated 
and allowed to stand for oiic-half minute. It was then "washed off with 
to]) water after which 0.5 ])er cent aqueous safranine was added as de- 
colorizer and counter.stain. The sporc.s were stained green and the cells red. 
By allowing the malachite green to act for a longer interval without heating 
and then applying safranine for a shorter period, we obtained a preparation 
in which the bacteria were stained green, the nuclei of the leucocytes a deep 
red, and the cytoplasm a light pink. There was no blending of the colors and 
phagoeytized microorganisms stood out clearly as definite green bodies within 
the pink cytoplasm of the white blood cells. 

The modified technique which gaA'C the bc.st residts is as follows: 

1. Jlake a smear from the test material by spreading the contents of a 2 
inm. loop over an area of 4 sq. cm., air diy, and fix by flaming three 
times. 


, •From the Department of Animal Patholosj*. Kentucky Agricultural Experiment Station. 

nexln?ton. 


. The investigation reported in this paper Is In 
- Bricultural Experiment Station and is published 


connection ■with a project of the Kentucky 
■with permission of the Director. 


Received for publication. June 5, 19S9. 
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2. Apply 5 per cent aqueous malaeliite green solution for 5 minutes. 

3. Wash for 10 to 20 seconds ■with tap water. 

4. Apply 0.5 per cent aqueous safranine solution for ten seconds. 

5. Wash quickly with tap water, dry, and examine. 

Heat fixation of a fairly heavy smear produced a preparation free from 
intact erythrocytes and at the same time retained a sufficient number of leuco- 
cytes within a limited area. Other differential stains were tried on. similar 
slides, but in no ease was the contrast between the bacteria and the ivhite blood 
cells as marked as in the malachite green-safranine combination. 

The technique is not applicable to all species of bacteria for some strains 
are unable to retain the malachite green stain in the presence of safranine. It 
was noted that staphylococci are stained red by this method whereas strepto- 
cocci present a few green cells in a field occupied for the most part by red 
cocci. Some gram-negative bacteria are stained green and others become red 
under similar treatment. 
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A NEW TUBE CLAMP’* 


Hans Ash, Galveston, Texas 


M OHB’S pinchcock is probably tbe one most widely used 2 ,,^ 

so quickly adjusted to the tubing, and because it is simple in 
low in cost. The only disadvantage of this piinclicock is that it can le 
to the tubing only by sliding it on from the end, and this sometimes 1 
disconnecting apparatus. To overcome this difficulty I have design * 
cock from two Mohr ’s pinchcocks, by cutting off from eacii, one 
jSnger press, leaving about 16 mm. more jaw on one clamp than on ^ 
Holes are then cut for a bolt, the head of which is countersunk m v 
the inside surface of the jaw of the new clamp. The holt is seenre^^^ ).^ 
on the outside. This allows one finger ])ress to be moved g,. rc- 

angle, enabling a piece of rubber tubing to be taken into ^ ^ 

leased from it, without having to slide the clamp over the end 0 ' 

the photogTaphs of Ft?- 

. ' 

•From the Department of Pharmacologj-. University of Texas Sclioo 
veston. 

Received for publication, May 25. 1939. 


The principle can be seen at a glance in 



1- — Modjfied Mohr’s plnchcock. Upper, modification of ordinary type; Lower, finger press 
moved through a right angle. 




A METHOD OF DESTROYING THE BLASTOCYSTS (BLASTOCYSTIS 
HOMINIS) IN FECAL WET SMEARS IN ORDER TO FACILITATE 
THE EXAMINATION FOR ENDAMOEBA HISTOLYTICA* 


E. G. Hakansson, M.D., Washington, D. C. 


I N ALAIOST all texts dealing with the examination of feces for intestinal 
protozoa the reader is warned against blastocysts. Rightly so, because the 
beginner and even the laboratory worker with some experience frequently 
have trouble in differentiating the blastocysts from the cysts and rounded up 
trophozoites of Endamoeha histolytica and from some of the other intestinal 
protozoa. Undoubtedly not a few persons who harbor this innocent vegetable 
organism have been told that they have amoebic dysentery. We have seen 
this happen in a few instances. 

There is a simple and practical way to prevent such mistakes. The 
blastocysts when placed in tap water or distilled water distend, rupture, and 
disintegrate as a result of endosmosis. The trophozoites of the intestind 
protozoa are similarly destroyed, but the cysts withstand the decreased osmotic 
pressure and remain unchanged for many hours. Thus, if a fecal smear is 
made in water instead of the usual normal saline solution, blastocysts and 
protozoan trophozoites disappear, leaidng a clear field for any cysts that may 
be present. 

The practical significance of this should be obvious to those who laboi 
with examinations of feces. AA^ith very few exceptions the identification o 
E. histolytica in clinical laboratories is made, or should be made, on the cys^ 
The search for cysts is usually made in a noiunal saline smear. Lou 
nification, for example 16 mm. objective and 7.5 ocular, has to be used in oi ^ 
to covmr an adequate area within a reasonable time. AVith this magm * 
the blastocysts and the protozoan cymts, as well as the smaller 
usually appear so similar that they cannot ivith certainty be set apait- 
ever blastocysts are present, and they are present in the great major 
stools, it, therefore, becomes necessary to search with the 4 mm. o 
Few workers in clinical laboratories will have time for covering even ‘ ^ 

smear with this high magnification. Furthermore, some forms o 
resemble the protozoan cysts so closely that even witli the 4 mm. ^ 
each indivddual has to be scrutinized, all of vdiich requires muci 
smear in tap water eliminates this nuisance. By the time the j,jj],er 

made and the qweparation is ready to be examined the lilastocy .st.s 
disappeared completely or become so distended and lusterless a 
ily can be differentiated from the shining refractile cysts. 

•From the U. S. Naval Medical School. Washington, D. C. 
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546 



IIAJIRH: np;Ti;KMINING BI.OOD CELL VOEtIJIE 


547 


It sliould I)C iiiQiitioncd that if a large particle of feces is used in making 
tlie aqueous smear, salts in tlie feces may dissolve in the water to such an 
extent as to make the smear almost isotonic and tlius defeat the purpose of 
the smear. It is well, therefore, to pick up only the small particle of feces 
needed for the smear and avoid thick smears. 


TILE CAPIELAKY IlEirATOCRlT METHOD OF DETERMINING BLOOD 
CELL VOLUME" 


CiiRiSTOPiiEii J. IIamrc, Rii D.. IloNoi.ri.L’. T. II. 


INTRODUCTION 

TN UNDERTAKING' an extensive .survey of cellular and hemoglobin blood 
A leveks of University students and prc-schoid children, the problem of 
iiichidiug cell volume determinations that did not necessitate securing the 
blood sample by veniimneture presented itself. A search of the literature 
disclosed several methods requiring .small quantities of capillary blood. Since 
inaiiy methods have been criticized for their aceurncy because they require 
dilution of the blood with an anticoagulant, an attempt was made to develop 
a technique which would not necessitate dilution of the sample. Several such 
methods have been deserilied, among which are those of Daland,* Capps,* 
Epstein,* Rosalin,* Miller,* and Gram and Norgaard.* Of these, the technique 
and apparatus described by Rosahn seemed to he the most practical from the 
point of view of ease of manipulation and application to our work. 

DESCRIPTION OP PIPETTES 

Thick-walled glas.s tubing, possessing a uniform capillary bore, in sizes 
which varied in diameter of bore from 0.5 to 1.8 mm., were out into 11 cm. 
lengths for fashioning into capillary piiiettes. One end of the capillary 
pipettes was ground and fashioned to receive a rubber suction tube while the 
other end was ground to form a long bevel of 8 to 10 mm., the tip of the 
pipette being left at a diameter of 1.5 to 2 min. The pipettes were closed by 
eneireling them from end to end ivith rubber hands 3^ inches long and % 
inch wide. Rubber hands narrower than % inch would not stay in place while 
the pipettes ivere being centrifuged. Rubber hands alone ivere soon cut by 
the pipettes during centrifuging hut rubber bands reinforced with automobile 
tire inner tube patches could be used in several hundred determinations. A 
short, wide-beveled pipette could not he properly closed with the reinforced 
rubber hands, a small but significant quantity of blood being lost into the small 
space formed between the rubber band and the tip of the pipette. The longer 
bevel described above resulted in effective closure of the pipette by eliminating 

» ^ ‘From the Department of ZooJoRy, the University of Hawaii, and the Nutrition laboratory 
o' the Hawaii Agricultural Experiment Station, Honolulu, T. H. 

Received for publication, May 29, 1939. 

Published with the permission of the Director of the Hawaii Agricultural Experiment 
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this space. After centrifuging blood samples in these pipettes, the total Mod 
columns and the red blood cell columns were measured on a millimeter rsler 
and the volumes of the red blood cells determined as per cent of the total 
volume of blood. 


METHOD OF USE OP PIPETTES 


A series of comparative studies were made to determine the accuracy 
of pipettes differing in diameter of bore. In one series of studies the pipettes 
were filled with i-enous blood prepared for cell volume determinations hr tk 
Wintrobe method,'’ ** determinations using both the Wintrobe tubes and capil- 
lary tubes being carried out simultaneously on the same sample of blood. In 
another series of studies the capillary pipettes were filled with capillary bW 
for comparison with Wintrobe determinations of cell volume on venous blood 
of the same individual. Pipettes with bores of 0.5, 0.6, 0.8, 1.0, 1.2, 1.3, and 
1.8 mm. in diameter were used in these studies. It was foiuid that the pipettes 
of smallest bore frequently showed cell volumes 0.5 to 1 per cent lower than 
those obtained with the larger pipettes. Determinations made with the three 
largest pipettes varied 0.5 per cent higher or loAver than determinations of tbe 
cell volume on the venous blood of the same individual by the IVintrobe 
method. The pipettes of 0.8 and 1.0 mm. bores were found to be accurate and 
were adopted for use. In this series of studies and in all subsequent studies, 
the pipettes were centrifuged until a constant cell volume was obtained, hiteen 
minutes being required for the angle centrifuge (3,800 r.p.m.) and thirty min- 
utes for the horizontal type of centrifuge (3,200 r.p.ni.). 

Blood Not Mixed With Aniicoagulant . — Though faii’ly good packing of tk 
red blood cells was secured with clean joipettes centrifuged immediate]} a ter 
being filled with capillai-y blood, it was clearly evident that coating 1 1 
pipettes with a small quantity of anticoagulant Avhich would not significan f 
alter the results liy dilution of the blood sample would be desirable, 
sodium citrate gave the best initial results, further experiments were con^ 
ducted to learn its most effective concentration and method of use. 
solutions were diluted to make one-fourth, one-third, one-half, tivo-tlnr s^ 
three-fourths saturated solutions. The higher concentrations pro ‘ 
nificant amount of shrinkage Avhile the one-fourth saturated solution 
give consistent results. The one-third saturated solution was 
effective and, -when properly used, did not produce significant cliaiioes ^ 
shrinkage or dilution. In practice, the one-third saturated 
into the pipette, the excess expelled, and the pipette partially due 
through it. If the pipettes -were centrifuged immediately aftei 
the cells packed completely. In this series of studies it was 
fungi greiv rapidly in the one-third saturated citrate solutions aii^ 
solutions containing fungi ivere used packing of the cells cou no practice 
They did not grow, however, in saturated citrate solutions, an ^ 
of making tip the dilute solutions just before they tvere to le use 


fore adopted. . ^ ^ yjgMed 

Though the method of using sodium citrate, as describe p,.. 

consistently accurate results, other anticoagulants tvere also im 
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alates and oxalate mixtures did not always jdeld accurate packing of the 
cells. If they acted effectively as anticoagulants, they usually produced sig- 
nificant shrinkage of the ceil.s. Heparin used as a 1 per cent solution in the 
same manner as the one-third saturated sodium citrate solution proved ef- 
fective, yielding the same results as the citrate solution. 

None of the anticoagulants used for wetting the pipettes before tilling 
them with capillary blood in the manner described above was effective for 
more than a few minutes after the pipettes had been filled, poor packing of 
the cells resulting if the pipettes were allowed to stand for a short time before 
being centrifuged. Wetting the pipettes with the anticoagulants, including 
heparin, and drying them completely before filling them with blood was also 
ineffective. In all cases tlic failure of llic cells to pack after delayed centrifug- 
ing was due to the formation of coagula in the center of the pipette and in 
.some limited areas along the side of the pipette, pointing to incomplete mixture 
of the blood and anticoagulants as the direct cause of failure of the cells to 
pack. 

Blood Samples Mixed With Anticoagulants . — Since mixing of the blood and 
minute quantities of dry anticoagulants could not be effected in the pipettes and 
delayed centrifuging of the blood samples was sometimes necessary, mixing of the 
blood and dry anticoagulants before filling the pipettes was attempted as a means 
of obtaining accurate results when centrifuging was delayed. Guest and Siller,® 
Kato,” Smith,” Andreson,” and Rogatz” have described methods of mixing 
small quantities of blood and anticoagulants. The method of using a depression 
slide for receiving the blood and mixing it with dry anticoagulants, as described 
by Kato, appeared to bo the best suited to our work. The depression (15 mm. 
in diameter and 3 mm. deep) of a slide was coated with the anticoagulant, 
dried, and an unmeasured quantity of blood, added directly from a finger 
puncture, was thoroughly mixed with the anticoagulant. A 2 per cent solution 
of a mixture of ammonium and potassium oxalate (0.8 gm. potassium oxalate 
and 1.2 gm. ammonium oxalate in 100 c.c. of distilled water) recommended by 
Kato'" and Heller and Paul” was used. Like Andresen,” we found this mixture 
to he unreliable, even when centrifuging of the blood sample was carried out 
immediately. Either coagulation was not completely prevented or shrinkage 
occurred. Changing the concentration of the mixture and the amount placed 
on the depression slide, before drying and before the blood was added, did not 
correct the condition to the extent that the method could be considered reliable. 
Sodium oxalate, potassium oxalate, and sodium citrate "were tried in the usu- 
ally recommended concentrations, as well as in various modified concentra- 
tions, but with no better success than -with the oxalate mixtures. Though 
fairly satisfactory packing of the red blood cells could be obtained if eentrifug- 
iag was carried out immediately, satisfactory packing with delayed centrifug- 
iag could be secured only when shrinkage occurred. Since the quantity of 
blood added to the depression slide was not constant, even though the de- 
pression appeared filled, it was impossible to secure a precise proportion of the 
antieoagidants to blood. Hence shrinkage of different degrees for different 
samplings of blood occurred, and corrections for shrinkage could not be made 
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with certainty. Obvioiislj'' this method of mixing inorganic anticoagulants 
and blood for cell volume studies lacks necessary accuracsL 

A modification of the depression slide method by placing definite quan- 
tities of anticoagulant and of blood in the depression was more successful 
than the method already described but did not always yield accurate results 
Also the method involving the use of definite quantities of blood and anti- 
coagulant became very complicated as to technique and apparatus required 
for maintaining aecuracju Since, as Andreseii^^ also has pointed out, precise 
methods employing inorganic anticoagulants could not always be relied upon 
for consistentl 3 ^ accurate results, heparin was used as the anticoagulant. It 
was used as a 1 per cent solution as recommended b.v liosahn,^ Andreseii,'- 
and others. A drop of the solution was placed in the depression of the slide, 
dried, and blood added direetl.y from a finger puncture until the depression 
was three-fourths to joractically eompiletelj’^ filled. This was found to prevent 
coagulation for long periods of time. Pipettes filled with blood from the de- 
pression slide immediatelj^ after mixing with the di’ied heparin showed com- 
plete and accurate piaeking of the blood cells after standing for P/o hours be- 
fore being centrifuged, as shown in Table I. Though good packing of the red 


Table I 

Uo-MCAUATIVE CEUj Voi.ume Detekmixatioxs 


SUB- 

JECT 


CELL VOI.UiME IN PER CENT OP HEPARINIZED CAPILLARY BLOOD COL- 
LECTED IX DEPRESSION SLIDE AND CENTRIFUGED IX 

CAPILLARY PIPETTES 


PERIOD OF TIME PIPETTES ALLOWED TO STAND BEFORE CENTRIFUGING 



NO^E 

13 

MIX. 

30 

inn. 

45 

MIN. 

1 

HOUR 

VA 

HOURS 

1% 

HOURS 

I 

40.2 

40.1 

39.9 

40.7 

40.7 

40.2 


II 

48.4 47.3 

47.2 47.3 

46.0 

40.1 

40.1 

40.0 

45.9 

40.0 

III 

41.2 

41.8 

40.7 

41.3 

41.0 

41.2 

41.1 


CELL V0LU.lir L'i IH- 
CENT OF 0-V.IUT® 
VENOUS BLOOD 
centrifuged IX 
VVINTKOBE TUBES 


40.5 


47.0 

47.0 

41.0 
41.0 


47.0 

JIL 

41.0 
415 


blood cells can be secured after centrifuging is delayed for a peidod of uR 
or more, it is advisable to centrifuge as soon as possible to insuie 
partienlarlj’’ if an angle centrifuge is used, for a few cells tend to 
the portion of the wall of the pipettes against which the centiifnga 
directed. . 

Only one precaution is necessary for the last-described 
the proportion of heparin to blood must not be too great. If R 
(approximately 3.0 c. mm. for these studies) of a 1 per cent solution ^ 

is used, only enough to leave a visible deposit at the edge of the c 
precise qnantitj'' of blood need not be added. If this general lU e is 
changes in volume of the cells will not occur. 


SUMMARY 

1. The capillaiy pi]iette method of deterrainiiig cell volume of^ anti 
blood drawn directlj" into the jiipette without previous mixing 
coagulant is a satisfactoiy method if centrifuging is carried out mi 
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Wetting the pipette with anticoagulants and blowing out the excess fluid aids 
in securing consistently accurate results. Inorganic anticoagulants used in 
concentrations ordinarily mixed with blood are, as a rule, not an aid to ac- 
curacy, stronger solutions being required. A onc-third saturated sodium 
citrate solution is constantly cfTeetivc when centrifuging is not delayed. A 
1 per cent solution of hei)arin is also eflective when used in a similar manner, 

2. Mixing of dried inorganic anticoagulants and small but unmeasured 
quantities of capillary blood in depression slides lieforc filling the pipettes 
for delaj’cd centrifuging is suli.ieet to too great an error for practical use. 

3. Only heparin tlioronghly mixed with small and appro.ximate quan- 
tities of capillary blood before the pipettes- arc fHIed permits delayed centrifug- 
ing of the blood sample with complete and aceurate packing of the blood 
cells. 
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PHOSPHATASE in Clironic Arthritis, Steinberg, C. 1,., and. Suter, L. 0. Arch. Int, 3W. 

64: 483, 1939. 

Determinations of the phosphatase content of the .serum vrere made for 44 patients 
with atrophic arthritis, 8 patients with hj’pertrophic arthritis, 5 patients irith ni»3 
atrophic and hypertrophic arthritis, and 5 patients with osteitis deformans. This ssae 
study was made of 6 healthy persons. In the only case of arthritis in which the ralDe for 
serum phosphatase was above 4.2 units, it was later proved that malignant tumor of tie 
prostate gland was present, W’ith secondary involvement of bone and Inng tissue. An intitaa 
of serum phosphatase in this type of malignant disease has been described by Gutman mi 
his co-workers. Determination of the phosphatase content of the senini in cases of cliocie 
atrophic and hj’pertropliic arthritis is, therefore, important in the differential diagnosh. 
A normal value for serum phosphatase is characteristic of chronic atrophic or hjpertropbi' 
arthritis ; an abnormal value suggests the possibility of a complicating condition or an 
erroneous diagnosis of this condition. Determinations of the phosphatase content of t * 
serum should be made a routine procedure in the study of diseases of the hones an 
joints. 


ENDOCAEDITIS, Streptococcus Viridans, Middleton, W. S., and Burke, M. Am. 

198: 301, 1939. 

Certain details in this clinicopathologie analysis of SS patients with Slrepforo 
rt'rfdans endocarditis lenta justify especial emphasis; _ -heiwn 

1. Further evidence is adduced to support the thesis of a close relations up 
congenital and rheumatic lesions of the heart and endocarditis lenta. 

2. Acute upper respiratory infections, rheumatic fever, infected abortion, 
tion, and massage for nonspecific prostatitis, apparently served as precipitating nc 


development of certain cases of this condition. 

3. Contrary to the accepted opinion, congestive 


heart failure may attend or ®as1: 


condition. _ . , and 

4. The clinical manifestations and course of this aJfection are no mi jiiectcd 

inconstant. After the cardiac changes incident tiiereto, particular attention ^ere 

to its toxic and its embolic features. Splenic and renal changes, inc u i^ ^ccidesb 

very frequent. Mycotic aneurysms offered serious diagnostic problems. ® 

were not infrequent. Occasionally a mycotic aneurysm of a cerebral vesse may^ 
neurologic phenomena of this condition. Again the clinical picture may eonfus®®- 

and the unexplained elevation of the basal metabolic rate may add triad, i-'-: 

5. This study offers material support to the importance of t le la^ 

peteehiae, splenomegaly, and a positive blood culture for the this 

the background of a congenital or a rheumatic heart lesion and a remi 

offers the logical direction of attack. grave. Otj! 

6. The prognosis of Streptococcus viridans endocarditis lenta i 

inferential evidence of the pace of the decline is offered by the cireu a ^ garahos-' 

toxic, constitutional, and hematologic reactions. Although remissions ^ttenii®®^ 

and degrees are the rule, certain patients undergo a ”4 Ktc reinissi'’”®- 

been directed to the ominous significance of the euphoria that atte 

7. This group included one instance of healed endocarditis leu »• in fi'e 

apparently occurred at a period removed from the hospitalization. 

maining number (87) was unavailing. 
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PNEimONIA, Treatment of, With Type-Specific Immune Kabhit Senim, Callomon, V. B. 

Am. J. M. Sc. 198: 340, 1939. 

A report i.s made on the treatment of 45 ca^es of pneumococcus pneumonia with 
Iiomulogous t}T)c-8pccific immune rabbit serum. Two deaths occurred in this series. 

Premature recovery by crisis or rapid Ij-sia on.<;ued in 3fi ca.^es, 

No seriou.s scrum reaction? were obscrx’ed. 

BLOOD PLATELETS, in Pernicious Anemia, Paddock, F. K., and Smith, K. E. Am. J. 

ir. Sc. 198: 372, 1930. 

In marked pernicious anemia a definite thrombocytopenia is rarely* lacking. This is 
borne out not only by tho authors* figures of 90 counts, but also by those collected from 
the literature. 

The platelets increase in number parallel to tho red blood cell count on the institu- 
tion of specific tlierapj’. 

This diminution of platelets is apparently of no value in differentiating this type 
of anemia from others wth a macrocytosis. 

PNEUMONIA, Prognostic Significance of Eosinophiles In. Bracken, M. M. Am. J. sr. Sc. 

198: 386, 1939. 

Eosinophile.s arc entirely ab'cnt from the blood early m tlie disease in ••evere pneu- 
monia, but may bo present early in milder cases. 

Tho appearance of eosinophiles in the blood of pneumonia patients treated with 
hydroxyothylapocupreine or not specifically treated is an index of recovery, and may 
precede clinical improvement by one to several days. 

Eosinophiles were not found in the blood of patients d^ing of uncomplicated 
pneumonia. 

The reappearance of eosinopfiiles during the course of pneumonia, while in itself a 
favorable sign, does not exclude the possibility of a .serious and even fatal complication 
developing later. 

MONONUCLEOSIS, Infectious, Mitotic Leukoblasts m the Peripheral Blood In, Bowcock, 

H. Am. J. M. Sc. 198; 284, 1939. 

In infectious mononucleosis, mitotic leucoblast.s and other unusual cell forms may ap- 
pear in the peripheral blood near tho peak rise of the leucocyte count. The occurrence of 
such immature and unusual cell forms is emphasized in order that confusion may be 
avoided in the diagnosis of this relatively benign illness which often resembles acute 
leucemia in many respects. 

CANCEE, Temperature Factors in, and Embryonal Cell Growth, Smith, L. W., and Fay, T. 

J. A. jr. A. 113: 633, 1939. 

lielatively low body surface temperatures normally exist in the segments con- 
cerned with the extremities (from 88“ to 90“ F.) and the breast segment (fifth thoracic) 
tends to maintain a higher surface temperature than the adjacent .segment.^ of the 
trunk. There is relativ'e infrequency of primary or metastatic carcinoma developing in 
those parts of the body enjoying reduced temperatures, as compared to the organs and 
portions of the body where optimal high temperature.s are found. 

Certain clinical, pathologic, and biologic evidence indicates that young, undifferentiated 
cell growth and activity require an optimal temperature and that "critical*' temperature 
ievels exist below which these cells become inactive or undergo degenerative changes. 

Local and general measures of "refrigeration" applied to patients suffering from 
hopeless metastatic carcinoma have been discusijed, and the effects of these reduced tem- 
peratures on cell growth and activity, shown by serial biopsy and tissue cultures, have 
been indicated. 
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A •' critical’' level of around So" F. lias been noted below wliicli imiliffcrMiaf,’ 
cell growth, as exemplified by carcinoma pathologically and by the tlcTclopmoni of tKi 
embryos normally, is arrested. Marked degenerative changes have been noted after sen'ESv- 
two hours in biopsy specimens from carcinomatous tis.sues when continuously siAjecteJ (,> 
temperatures of P0° F. or below. Our okservations have shown that normal cellular tissue i. 
capable of withstanding 40" F. for prolonged periods of time without evidence of degenerative 
changes and normal reparative processes occur in carcinomatous ai-pas niaint.ained .at tliisleuL 
Tissue culture studies have confirmed these clinical observations. 

Kelief of pain encountered in terminal .states of metastatic oarcinonia has pronipth 
followed “refriger.ation” of tiie are.i involved or induced states of “hibern.ation” is uk!: 
the patient has been maintained at levchs of rectal temperature between 81° nml 90* F, le: 
periods as long as from one to five days. 

Our observations suggest that the application of subcritie.al temperatures, ilirw;!, 
methods of local and general “refrigeration” may otfer a valuable therapeutic adjuiot ft 
our present method of treatment of undifferentiated cell growth, particularly of carcinoma. Its 
practical clinical value and possibilities must await wider experience and more exlCBsii.' 
and intensive observations. 


HOEMONES, Female, Summary of Modern Views on. and Their Scope in IheKfJ. 

Cunningham, A. J. M. J. Australia 2: 58, 1939. 

A few brief facts showing the importance of the recognition of vitamin Jefeienty b 
pregnancy are the following; 

1. Deficiency of vitamin A produces, among other things, alterations in the 
purple, giving rise to one of the earliest and most frequent of its symptoms, go-caWWsi 
blindness or nyctalopia. 

2. A not uncommon and distressing feature of pregnancy i.s polyneuritis; this is ® ! 
cases is due to a vitamin B, deficiency. 

3. Deficiency of vitamin C may give rise to dental caries of pregnane) 
gums, and possibly also to disorders of the gastrointestinal function. 

4. Deficiency of vitamin D tends to produce latent rickets in the fetus and al. 
in the mother. 

-5. The relationship of vitamin E deficiency and habitual abortion has icms y 
established. 

These few brief facts show tiie interesting possibilities of I'itamin tlier.ip) m F b 
T he future will undoubtedly see further advances in vitamin researcli. 


■v and hW'S 


GEANXJLOCYTOPEKriA, in Sulfapyridine Therapy, 
J. A. Jf. A. 113; 11, 1939. 


•, Dolgopol, V. B., and Hohart, ft » 


Rtl-i 


A review of the recent literature shows that 3 persons with (jj^rspy, 

a number of persons with leucopenia wmre observed in the course of su ap) 

Two new eases of granuloeytopcni.a, and 2 cases of loucopeni.a are lep 
with pertussis and pneumonia trc.ated with sulfepyridine. ^ jjr- 

In the fatal case of granulocytopenia reported here, the patient jjjioy 

following a complete disappearance of polymorphonuclear cells. e.wdfi*' 


pneumonic 

lolnu- pneuHioma. l“C F , jj-j nse®*' 


appeared two days before the patient died of joinu- pneuuium.'. ■■ ^ jg.gr, c 0 
■w<as free of polymorphonuclear cells. The bone marrow was immature. * jntstt 

Mif tiin nipmikaryocytcs r » 

ycloid gtowP ' 

in the circulating blood with the beginning of recovery and weie grad 
more mature forms. 

All 5 patients with gr.amiloeytopeiiia received large 
during the course of treatment. 


developed in the course of granuloeytopenin, but the ®®Sakar) 0 .... — ^ 

In the second case of granulocytopenia immature cells of the lepbcel ty 


total amounts of 
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111 Jit leiiS't 2 cusCK of grauulofytopenia hiilfapyridino nnti uppaicntly tlic only caut-c 
of the condition. In the other cases a coincident damage to the bone marrow by the 
original infection or by a previous infection may be considered to be ii contributoiy factoi 
in the development of granulocytopenia. 

In 2 cases granulocytopenia developed after the discontinuance of the sulfapyiidine 
therapy. 

A high total intake of sulfapyridine ma}' cause granulocytopenia. 

The damage to the bone marrow consists in depression of maturation of myeloid 
cells. The crythropoiesis may also bo occasionally disturbed. 

Blood counts should be made twice a week during sulfapjTidine therapy and con- 
tinued for two weeks after the withdrawal of the drug, 

LEUCOCYTES, Total Differential and Absolute Counts and Sedimentation Eates in Healthy 
Children 4-7 Years of Age, Osgood, E. E., Baker, E. L., Brovralee, I. E., Osgood, M. W., 
Ellis, D. M., and Cohen, W. Am. J. Dis. Child. 58: C3, 1039. 

There are no significant age or sex differences in the total, differential, or absolute 
leucocyte counts, or in the sedimentation rates for children 4 to 7 years of ago. 

Statistical and Smoothed JIeaks and Kances for Total, Differential, And Absolute 
Leucocyte Counts and Sedimentation E.vtes for Children 4 to 7 Years op Age 




statistical 

mean 

rr.OBABLE ERROR 
DISTRIBUTION 

smoothed 

MEAN 

95% 

RANGE 

Leucocj-tes 

per c.mni. 

10,419 170 

1,032 84 

10,400 

5,500-15,500 

Neutroplulcs 

per cent 

37.3 0.9 

7.9 0.4 

38* 

lC-60 

Lobocytes 

per c.mm. 

2,959 124 

Skew 

4,000 

1,500-7,500 





3* 

0-10* 





250* 

0-1,000* 





3* 

0-S* 

Lobocjics 




300 

0-800 





0.5* 

0-2* 

Loboeytes 




50t 

0-200+ 

L}Tnphocytcs 

per cent 

48.9 1.0 

10.1 0.5 

48* 

20-70* 


per c.mra. 

5,020 140 

Skew 

5,000 

1,500-8,500 

Monocjiea 




3* 

0-7* 




300+ 

0-800 + 

Disintegrated cells 




5* 

0-12* 




400* 

0-1,200* 

Sedimentation rate 

15 min. 


Skew 

2 + 

0.5-5.0t 


45 min. 


Skew 

10 + 

1.0-30.0 + 


•Applies also 
tApplies also 


to 8- to It-year-oM boys ami girls, 
to petsons 8 years of age or older. 


transfusions, Blood, The Use of Heparin in, Sappington, S. W. J. A. if. A. 113: 

22, 1939. 

A stable, potent, pure heparin was used as the anticoagulant in 40 blood transfusions 
And appeared to be without toxic or other undesirable effects on donor or patient. It was 
used in two ways; first, in vitro to heparinize the drawn blood from the donor; second, 
in vivo to heparinize the donor by intiavcnous injection. The first corresponds to trans- 
fusion of citrated blood and differ.^ from it onlj' in the anticoagulant. Tlie second method 
is simpler in that the heparinized blood is withdrawn from the donor and introduced into 
the patient without any treatment outside the body. Seventeen patients uere given trans- 
fusions by the first method, and 23 by the second, all with 500 c.c., since a larger amount 
of blood was thought a better test of the pioceduic. These were all done by a gravity 
method paralleling the citrate technique in order that comparison of the two anticoagulants 
Muld better be made. 

All 40 tran.sfusion.s uere successful in tliat the entiie amount of blood was transfused 
And the donors and patients suffered no ill effects. But it was found that for a successful 
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uuiuterrupted transfusion a larger needle was necessary for introduetion into the patiri 
than in the citrate method, a 16 gauge needle as compared with an 18 gauge cotoBa;!- 
used in citrate transfusion. If a 500 c.c. transfusion is desirable, this has a disadrasfageh 
that the patient’s veins maj' he difficult to enter rvith such a large needle. If a smailiiEr 
fusion is sufficient, up to 350 or even 400 c.c. may he given without difficulty mtt a 
18 gauge needle. Or the operation of gh'ing 500 c.c. can be accomplished by giving n 
much blood as will flow through the small needle and then completing the ttaa-fo-ic: 
by making another venipuncture with a fresh 18 gauge needle. The two punctures catsd 
little or no discomfort to the patient. This hindrance to the heparin transfusion is caosi 
by clotting within the smaller needle, even though the same heparinized blood miy k 
kept days without clotting. In one instance blood was banked twenty-four hours aui i: 
three instances forty-eight liours and then transfused successfully. Reactions are neglijilb, 
as they are now in transfusions with citrated blood. Whether the heparin method tJs 
displace the well established citrate method remains to be seen. It would seem to offfi 
two advantages. The heparinization of the donor makes the procedure more simple ai 
almost a one-man job. The therapeutic value of heparin may be of advantage in po-t- 
operative transfusions. 


DIPHTHEBIA, Potassium Tellurite In the Diagnosis of, Tomlin, E. Brit. M. J., Juaefl, 

1939, p. 1273. 

The technique of this suggested clinical test for diphtheria is simple. 

A negative result is of value in that it supposes with great accuracy (100 per eett 
in this series, 92 per cent in that of Dr. Manzullo) that the disease is not diphtheria. 

It is unlikely that any case of diphtheria would be missed through leliauce to? 
placed on the test, if the technique were not at fault. 

Such a high percentage of false positive results may be obtained that no de^aiti 
diagnosis of diphtheria should be made on a positive result. 

It is possible theoretically, and in view of the discrepancy between these results 
those of Manzullo, that the pronortion of false positive results will vary from pa® 
place and from time to time. 

This test can in no wmy take the place of the clinicnl and bacteriologic md 
of diagnosis already in use. 


TDEEEOI,E BACILLI, Preservation of, Cohn, M. L. Am. Rev. Tuberc. JO: S9, l!»3f' 

Desiccated human tvirnlent and avirulent), bovine (virulent), 
tubercle bacilli almost completely retain viability for three years at refrigera 
ture, white natural cultures survive under the same condition of temperature 
months to one year (occasionally two years). The loss of viability of 
cultures of these same strains of tubercle bacilli is much more rapid at incu s 
ture, being almost complete at six months to one year; while at room emp 


survive a little better than at incubator temperature. 

The loss of viability of tubercle bacilli i.s primarily 


a function of the 

at which they are stored, regardless of whether they- are desiccated or na ura^ 


loss of viability of cultures of tubercle bacilli is greater in the sih 

in the presence of air, and least in nitrogen. Desiccation, although a mi ^ j, 

in maintaining the viability of tubercle bacilli. Desieeation can pjeiffi 

70 to 75 per cent of the water (and volatile materials) from the cultures df ittU- 

without appreciable detrimental effect on the viability. Aside from the riiK* 

grown broth cultures of mammalian tubercle bacilli (some of the haei and 

for over twelve years, as described by ns in 1933), cultures of strains of 
tubercle bacilli can be preserved in viable form for over three years a 
sealed in air or nitrogen and maintained at refrigerator temperature. ^ 
possesses advantages over the former in that the specimens occupy little spac 
transportable. 



The Journal of 
Laboratory and Clinical 
Medicine 

You 25 MAicrir, Ii)40 No. 0 


CLINICAL AND EXPERIMENTAL 


ACTION OF OUABAIN ON TUE SPBANGIINIC CIRCULATION 
IN THE 


J. EnNKST Nadlhr,! JI.D., D.Sc., Adolph R. Bedoer, jM.D., and 
Joseph Ballinocr, New York. N. Y. 


W HILE it is generally agreed that the administration of digitalis in tlie 
normal dog resnlts in decreased cardiac output.^’*" there is no agreement 
as to the underlying lueclianisni. Cohn and Stewart*- attribute the de* 
creased output to a diminution in the heart's size, wliile Dock and Tainter^* ® 
and Katz and others^^ believe that the predominating action of digitalis is on 
the peripheral vessels, producing a constriction of tJie hepatic veins, with re* 
sultant pooling of blood -in the splanchnic area. Tlic effect of the drug on 
the size of the heart has been recently discussed by Stewnrt^^ and, on the 
other hand, the question of diminished venous return to the heart by Katz.^- 
At present it is impossible to say definitely whether the primary cause of the 
decrease in cardiac output following digitalis is due to its action on the heart 
or on the peripheral structures. 

It has been shown in man^^-^'' that digitalis decreases the circulating blood 
Volume. Since sucb results seemed to suggest Dock and Tainter s'*’ ® idea that 
there is a pooling of blood in some of tlie viscera after digitalis administration, 
we undertook to ascertain the peripheral action of digitalis with special refer- 
ouce to a possible pooling of blood in the splanchnic area. 

Although extensive work has been done on the action of digitalis glueo- 
sides on the isolated hearU*^ and the peripheral vessels separately, a correlation 


•I-Yom the DcDartment of Tlieiapeuticp, New York 'University College of 'Meaicine. 

■"•as aided in part by a grant by Merck & Co An abstract of these sWdies ^as 
read before the Scientific Jleeting on Cardiac Clinics of the New Vork Heart Association. 
Januarj' 24. 1939. 

, tSubmitted In partial fulfillment of the requirements for the degree of Doctor of Medical 
Science at New York University. 
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■-ABOMTORV A»B cUMOaL .k„,„ke 


of the actions of dioftalk , 

vessels h, visualiaati;n^-: r" 

such an experimental approach we hoped to^lLT before. Bv 

confusion in the previously reported resnJts rl h 
f/ie action of a- drug, such as dZtalis on it,. ' 

not only on its action on individual oroans " *?«"*!■' 

also m 7mnij mUrdaaesidenf rrotTia 7 particular fauetim W 

organfso.. > cad, „st, acts ,chck occur in ,h ncrml i.u 


METHODS 

betwien Tl’lTilsif-T 42 ««««!, intact Jogs, «1. 

of cliloroform in order to'l'r'^'n "oesthesiB avas inilnced by inliilaiii 

mg’, per Ico- ) • ’• n animal quiet while chloralosaue (SOtoM 

sure urns :corde «^travenonsIy. The mean arterial blood p..- 

artery Z ' manometer joined to a eammla in the earotil 

respiration ! recorded with a plethysmograpli, and artiOeial 

lespnation was used m some experiments. 

per inlh normal animal requires a fairly fixed quantity of ouabain 

present n 7 ^ ^' oight to cause death. Nevertheless, variations are always 

oiiahnin oecasionallj may be quite marked. Likewise, the amount c{ 
but 7 noo 77 *^^- produce a cligitalis-like action on the heart is variable, 
conceTV i- possible we adhered in principle to the idea of what 

per k7 close,” as laid down by Colm^ (0.029 to 0.039 nif. 

effect upon the heart, rather than the actual atnounl 
cntT? m.ieeted, was used as an index of whether or not a given dose 

fpnii^r. comparable to a therapeutic or toxic close. lYe slial! in- 

in r I r possible from using the words “therapeutie dose” 

ur)n 1 +^ 1 7 since ouabain is not used therapeutically in clogs; we liace 

o flifl ^'+ V of a “small close” to indicate that such dosage bad 

d s ” 9 " effect on the heart but exhibited ho toxicity. For a “small 

sel \ calenlatecl lethal dose was used. Ouabain was 

A _ . ^ 1 cpi eseutathm of the digitalis glncosides because its crystalline 

uniform dosage. Purthei-, it can he aciministereA intravenoasly. 
thfi f response on the part of the circulation. By using tin's ckn? 

eliminat^e 1 ^ sapouius or other substances present in the whole leaf 


In Older to ov'ercome various objections and possible sources of error i® 
tue work of others and to check on the valiclitv of our own results, we studied 
the splauehme vascular bed by several different metbocls of approach. lYefcf 
nv es i^^atec the v olmne changes of the spleen, but, because of the labile nslure 
0 he spleen and its normal rhythmical contraction and relaxation, we soon 
changed to the alterations of volume of intestinal loops. In the experime^- 
on sp een and intestinal v^olnme, oncometers were plaeecl on the respec i 
organs and the vmlnme changes were recorded on the drum in the usual maaae^ 
Because of the discrepancies which were eneonutered with the ouef®^*^ 
studies of the spleen and intestine and in order to get a clearer pictu^ « 
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action of ouabain on the blood vessels themselves, we undoi’took the direct 
visualization of the various conipoueuts of the splanchnic vascular bed. This 
was first done by means of the abdominal endoscope designed by I\rarrazzi.^^ 
To increase the field under view and to make certain that the same vessels 
were constantly under observation during tlie several hours of the experiment, 
it became necessary to replace the endoscope with an apparatus of our own 
construction (see Pig. 1) and to exteriorize a loop of ileum with its mesentery. 
This loop was bathed continually in normal saline at body temperature. The 
changes in vessel caliber were established by comparing tliem to a hair in the 
field or to the markings on an ocular micrometer scale. 



Fig. 1. — ^Apparatus used for visualization of vessels of the splanchnic bed. A, showing 
arrangement of lens and lighting .system : B, .showing space for mesenteric loop between lens 
and glass plate. 

Ilespite the precautions taken to maintain physiologic conditions, there 
probably was some unavoidable effect on the mesenteric vessels incident to 
the Operative proeedure.s. In an attempt to control this, a period of thirty 
niinutes to one hour was allowed to elapse before ouabain was administered. 
Such a pause permitted circulatory readjustments to take place and the normal 
variation in vessel caliber to be evaluated. This preliminary period further 
afforded an opportunity to observe the effects of temperature, of intravenous 
Jujection of fluid (saline), and of the action of known vasoconstrictor and 
vasodilator drngs (epinephrine and amyl nitrite). 




560 


TUE JOUaUAL or .ABOKA.OKr AKB CBmOAL H^CIKB 


observations 

•■o™.. do.- „o .pp,.eei::/e ^V” ? 

5 clogs, there was a dimiuution in tiie size of the J\ 

2. In tJie cases where a “snia]] r [ ^ anci an increase 

spleen volinne, the amounts per Iciloo-rani of bH ” 
to 0.06 mg. A similar variation in 0 o' t Tof 

cosed aa ineeeate i7erfe 7 ' "' “ ‘» “ 

oo a Sinste large dose To 068 to 74 ”7 “T f "“' 

toxie effort of oitobaie Th . i ■ given to stadv lie 

of tile snleeii oml f ei (0 eases) was a eonsiridi® 

im enange. This is sliown in Table I. 

tabib r 

— ~G the Errecr of Ouabain oiv Vobume op Spleen and Intestine Loops 


Spleen 

Intestine 


NO CHANCE 


s.mall dose 
DILATATION 


5 

8 


2 

5 



I LARGE DOSE 

COKSTRIC- 

NO 


( COXSTKIC- 

TION 

1 CHANGE 

DILATATION 

TIOX 

8 

1 i 

I 1 

1 3 

3 

0 1 

s 1 

0 


the evnATi cm- f/ic Intestinal Volume. — Eleven animalsS were studied » 

of a ‘'snnl/T ^ intestinal volnme. In 5 of these the predorainatins’ eff«! 
wfll a Aa' ^ ouabain ivas dilatation. In the remainmg 6 dogs, there 

animaldj ^^^.’“testinal I’-olume in 3, and no change in the other 3. InS 

doses”' > ^ ohher the Svst dose of ouabain proved to be toxic or the ''snidl 

inevoQA 1 tricen repeatedly until toxicitv resulted, the intestinal volume ires 
eased m every instance (see Table I). 

-nr oients on the Visualization of the Vascular Bed of an Inf cst null loop. 

don-s A ^ data of the effects of ouabain on the vascular bed of 13 

and inf f ^ experiments on the volume changes of the sp!«>' 

j 1 - , experiments hare also been divided into two series, those 

a 1 ' t le effect of a “small dose” and those with large or toxic doses, 
n^pnt. P^tecol is shown in Table II and a summary of all the experi- 

with a Table HI. An analysis of these experiments shows fist 

oil tbic h owabain the predominating effect was no change 

tlioisp obtained in at least one-half of the dogs studied. I" 

feafni-A ^ ONliibit a change, con.strictiou was the oatstandm.- 

nrnn ' + ooiistrietion was most obvious iu the large arteries and 

] 0 iment on the venous side of the vascular tree. 

In the experiments with ‘'small doses” of ouabain, dilatation was rda- 
riveiy mconspieuons. On the other hand, with large or toxic dose.s dilat*>t>«" 
^^eeomes a verv eonspienons feature and in eonti'ast to the constriction 
small doses,” which ivas prominent on the arterial .side of the vascular looP- 
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the dilatation was most prominent on the venous side of the loop. In a small 
percentage of cases dilatation was present tlirongliont the entire vascular tree. 
Some constriction was also present with toxie doses hut it seemed to he mainly 
limited to the medium and very small arterioles. These effects are graphically 
shown in Fig. 2. 



Therapeutic Toxic 

Do.se Dose 

Fir. 2 — Graphic illiistratlon of the effects of oilal>.im on the intestinal vasciii.'ir tree nitli small 
and large doses. Abbrcvi.itions same as for Table II. 

In all animal experiments dealing with the circulation the question as to 
how great a factor alterations in oxygenation may play in the results obtained 
was seriously considered. While there is no doubt that moderate asphyxia 
or hyperventilation could produce changes in the Mood flow through the 
splanchnic area, every attempt was made to reduce this variable to a minimum. 
In some experiments artificial respiration wa.s used throughout, and in com- 
paring the results in these instances with those in which artificial respiration 
was not employed, no difference in re.siilt wa.s apparent. In certain cases 
where the respiration was slow, artificial respiration was instituted to insure 
adequate ventilation; however, no appreciable changes were noted in either 
direction from the trends obtained. We feel, therefore, that the variations 
described were not due to changes in oxygenation of the blood. In an attempt 
to explain the results on the basis of other experimental variables we analyzed 
our work in relation to the dosage of ouabain, blood pressure, and heart rate. 
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CLINICAR 


^’'iEOICME 


Table n 

bBOWSNG THE EFFECT riF 

OF OHABAm ON THE VascCLAE Beb OF THE Afre . 

Esperinient No. 101 ^WKfiy 

Eog-— 9 kg. 


OOStMENTS I B, j j. 


i Ouabain 0.25 mg. 


10:00 CHCE ~ — ^ 

Chloralosane 
10:10 Art. resp. 

10:42 0.25 nig. 90 14 ) 

30:43 00 14 ' 

10:44 

10:45 00 142 

30:461/0 00 140 

10:47 ~ 

10:48 00 140 

10:53 140 

lO-le 0.25 mg. 95 140 

10:58 ^00 140 

10:58^ 100 146 

10:59 ■ 

I0:59V> 00 150 

11:00 ' 150 

31:01 90 I 152 

11:03 00 152 1 

11:08 90 152 

11:12 90 156 

11:12% Ouabain n ob ^50 

11:13% 9'25 mg. 100 

11:15% 210 200 

11:17 * 200 20 s 

11:19 200 210 

11:24 M^O I 200 

11:40 I I 100 I 175 f 

— i 110 ( 170 I 

this normf"'"*"^'-'' 


T-ri — 


N N 

If C 


N N 

N N. 


If N 

N N 


N N 

N N 


N N 

N N 


N N 

N D 

N N 

N N 


N , N 
If , N 


D D 

N N 


N : N N 

N 

N N N 

N N N 

S I ^ 

N N N 

^ 20 20 i 

N 2D 2D 

SC 2D 2D 

2D 2D 2D 

2D 2D 2D 

D 1 N 

future changes in 


( If X X 

If X .V 

N X .V 

2D D x- 

2D , X x 

2D X X 

2D A- X 

N : X X 

X X X 

X X .\ 

X X .V 

X X .V 

X X .X 

X X .\ 

2D 2D , B 

D D 3) 

D D D 

D D D 

DPS 

D D 5 

X X ,v 

2D 3D SB 

2D SD 2D 

4D 4D 4D 

4D 4D 4D 

4D 4D 4D 

D I X .V _ 

are in rebltoti t« 


P-~PuI.se 

Pre.ssure 

2C~^S "ifeht 


E.'cpianation of Abbreviations 


oW~'^^‘“^‘^’'>^tion, Sifeht tr, in 

?0~Constnction, to ?n 3)er cent 
— Constriction to nn S 
Ip-xOonstriction, marLn 


iP^Pti^’^tation, marked 
"~No appreciabie cliange 
ri.A — Larg'e arteri- 
S--^-~Smail artery 
V.S.A. — X'’erj' small artery 
Cap— Capillary 
V.S.V. — Very small vein 
S.V.— Small vein 
E.V. — Large vein 


analysis of the 1 

volume sliowed no'^'-T t^ie effect on tJie spleen and mtestiim^ 

doses" A'aried from tl ^ except insofar as the results iritli 

sn'tlmi a certain variaiions 

ouabain cannot ho tvitli either ".small” or toxic rloses d 

OnahalnTn ' of closage. 

usually caused a ris^^' f’oen repeatedly demonstrated b.r oiherS' 

arterial pressure feif arterial pressure. When toxic doses were iisfi **'*’ 

was no particular corrLtir^ terminally, rather abniptl.v. Tl«rf 

pressure Thoce « m the results obtained with respect to the imDd 

to those ivith an an initial low arterial pressure were sim’’'”' 

those with an elevated arterial pressure. Furthermore, the degree of Oienee 
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Table III 

SUMSIABY OP THE EPFKCT OF OUAllAIN ON THE VaSCULAB Bed OP THE MESENTERY 


AT TIME OUABAIN 
INJECTION WAS 
BEGUN 


CHANGES FOLIjOWING OUABAIN 
EFPKC7' ON SPLANCtlSIC BED 


KXP. 

B. r. 

p. 

u. r. 


IxA. 

S. A. 

V. S. A. 

CAP. 

V. S. V. 

S. V. 

L. V. 


(JHANdES >OLLO\VlXr, OUABAIX IN SX[ALL DOSES 

819 

155 

100 

210 

60 

2D 

2C 

ID 

lU 

X 

X 

X 

S23 

110 

75 

91 

60 

3C 

3C 

30 

30 

30 

30 

30 

824 

133 

mtam 

154 

1 jj 

N 

N 

N 

N 

X 

C 

N 

831 

100 

100 


100 

2C 

3C 

20 

N 

X 

N 

N 

92 

70 



75 

2C 

3C 

3C 

7 

X 

X 

D 

910 

165 

GO 

195 

120 

C 

C 

N 

N 

X 

0 

N 

920 

150 

85 

170 

80 

C 

C 

N 

N 

X 

X 

X 

921 

225 

70 

250 

GO 

D 

N 

C 

N 

X 

X 

X 

930 

180 

100 

195 

75 

K 

N 

C 

X 

X 

X 

X 

101 

140 

90 

142 

90 

N 

N 

D 

X 

2D 

X 

X 

105 

156 

KRin 

177 

140 

N 

N 

N 

X 

X 

N 

X 

113 

118 

IBBl 

139 

155 

N 

N 

c 

X 

N 

N 

X 

115 

110 

95 


■doI 

N 

N 

N 

N 

N 

N 

X 

119 

175 

150 

184 

130 

N 

N 

N 

X 

X 

N 

X 


CHANGES FOLLOWING OUABAIN IN TOXIC DOSES 

823 

91 

00 

112 

00 

D 

D 

2D 

4D 

3D 

2D 

2D 

824 

154 

90 

156 

60 

N 

40 

30 

4D 

2D 

N 

X 

910 

170 

150 

202 

115 

N 

C 

20 

N 

N 

X 

X 

920 

180 

250 

144 

225 

2C 

20 

30 

40 

ID 

2D 

D 

921 

250 

45 

215 

50 

N 

30 

30 

N 

N 

X 

X 

930 

180 

105 

255 

50 

N 

0 

20 

N 

N 

X 

D 

101 

I5G 

ion 

210 

200 

D 

D 

D 

3D 

4D 

4D 

4D 

105 

160 

95 

200 

80 

N 

D 

D 

N 

N 

N 

N 

113 

140 

120 

100 

100 

N 

N 

N 

X 

N 

X 

X 

119 

165 

120 

193 

100 

N 

N 

N 

X 

N 

N 

X 

914 

180 

200 

190 

140 

N 

N 

N 

N 

N 

N 

N 

918 

100 

90 

200 

84 

N 

N 

C 

X 

N 

N 

X 

102 

SO 

90 

no 

73 

N 

0 

20 

2C 

20 

C 

C 

93 

225 

70 

250 

00 

N 

D 

2D 

3D 

2D 

2D 

2D 

08 

114 

78 

84 

40 

N 

0 

0 

X 

K 

0 

C 

108 

150 

no 

210 

80 

D 

0 

C 

X 

X 

N 

D 

820 

240 

130 

215 

90 

N 

D 

D 

N 

N 

D 

D 

114 

220 

120 

220 

98 

N 

T) 

0 

X 

X 

D 

D 


For exDlanatlon oC abbreviations see Table II. 


ill pressHie folloiviiifr tlie luliiuiiisfratioii of ouabain laciced any definite rela- 
tionship with the changes in the splanchnic Yasenlar bed. Likewise, an analysis 
of the heart rate in the various instances failed to explain the results obtained. 
Because of this we believe that the results described must be due to the action 
of the (Imp: itself on the vessels of the splanchnic bed. 

DISCUSSION 

We have demonstrated that following the adniini.stration of ouabain to nor- 
mal dogs, there was a distinct difference in the action on the splanchnie bed of a 
“small dose,” comparable to that of a therapeutic dose in man and a large or 
toxic dose. The effect of a “small dose” on the volume of the spleen is variable. 
While in some instances dilatation of the spleen was noted, as was found by 
Bock and Tainter,” in an equal number of eases constriction occurred, and in 
tl'e majority of instances there was no appreciable effect. The conclusions 
reached by Dock and Tainter on the basis of experiments on two animals 
seems unjustifiable, for ns our results suggest, if they had employed a larger 
uumher of animals, their results might be less uniform. The changes found 
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do not appear to , 

ita X„"I!^ rtf'' “' '°“°''”TfVwST„ “ ”“ "‘‘'”“"*1 »i.« 

ehicle that thei-e j\ c ^^tise iii voJuju^ iu tha change in ite 

»d-faist..ati„rr ;c: ?“'”■" ■>' f .fvr„7”” '''■ «ri! 

mesenteric tree hi similar detiiler '''' 

of the lai-e anil ^ this Zr of fe 

---se in thetC “T 7'"'^^ 

vessels, by aotu i ■ ^ voiimie lyas not vc-tr Seoause fte obsemi 

large vesseis'' was j-ather diJatation oflh 

amount of 1 Part of tT «»d fetter 

tie spleen Z- there jl 

<dii the other if* foioim, havhm decrease in the she of 

to increase i « ^ caused the vo 7 ^"mnstrated repeatedivh' 

^'^rnous conino'' in everv -'“"f mtestinaj meseafen 

i-etained on t) vascular tree shn^ Careful study offk 

<»•«*« vir ™<>- -dc. j. vf „rr”;rr‘ r "» 

’s a definite t- one man' ^at the mesenieric Iiedhsf 

volnn.r“H ■°°"“«' '■io”'! in the 0 ^., , ■'”' '»™ '>“'<«“ 

The f ! “P'“'Jnnc anea, even thcsh Ik. ngta 

of r„ ", '‘f™ "" oWet-va if ““"■■«■»" of the hepati. vis, II- 

(hepatic ^ ^ ^Pianehuie area is t)ie whether or not this acciimiilafiofi 
eaus^Jinc *^"'Striction), still oistrueterl hepatic oufc 

cans rnorease in spleen voW ^ i^Patic flo.v shoald al.,n 

ZZZ" Zd ZZ present F,irth« 

mained *"^7^ ^"stanees pant of fL ^ »£ the rascuiar te, 

parely (see Table TTJi while other areas re- 

£r tZ “lechaiiism. Whilf 1 appears that this dilatation is not a 

targ-e dn poolino- of 7^*^ does affect the vases- 

to fhf> “smair’’ n mesenteric bed, more so viib 

tZmaZ'Z^ ^oolZnd Ta W ^ 

uenfic 7 Vfhen thev Z’ ^°dbard, Friend, and Bo(- 

Pe«tJc doses of dfeTf,?;. .-. ‘conclude that the “site of fietirm of ticW- 


fev.z t7 Dock anrl 7^0 - 7 ^■^^tence does not permi 

PeutiZi v^ien ther T ^°dbard, Friend 

^«tm doses of digitafe fe o^Tt “«te of action 

c^rplanation of f? ^ P®vjphei-ai vessels” and on tie heart in 
cems uuhkelv ^ «ie mechanism .r diminished cardiac outfoir 

»/»#■ /\-P 4-1l .% Attn/lfflf? 


OX djo*ito7fc, • • , tiiat t 

dmeetfe This eJaZln of Z - « 

- ® for other reasons ^ 'mechanism of diminished caro 

«pon the heart endnres for a n? f 
f , ported ont by Tohn “ T « on tJw splanchnic res- 
end on hepatic veins, ^<^t'veen effect on heart 

Jow ong this action may be Pci’sists, it is essential to know in general 

per laps for many days ' if ei 7* heart is known to last for sererah 

structures must contribute ff 7 the action 

sossGs a s]7o*)7f ^.,J3._ tile niial rpsnTf. vcii5S*P^^" 


xor davs if n I ® known to 

structures must contribute to th 7 

sesses a slight infiueuee onlf- 7 «ot, that on the 

he evidence we have pz-esented shows fhef 



NADLER ET AL. : ACTION OP OUABAIN ON SPLANCUNIC CIRCULATION IN DOG 565 

the effect on the veins is of nmeh shorter duration tlian on the heart. Fur- 
thermore, as has been pointed out, with “small doses” of ouabain the amount 
of pooling of blood is rather small and does not seem sufficient to account 
for the decrease in cardiac output. 

SUMMARY 

2. The action of ouabain on the spJandiiue eirculation was investigated 
by several methods in 42 intact dogs. 

2. “Small doses” of ouabain, comparable to a therapeutic dose in man, had 
no significant effect on the spleen volume; large or toxic doses caused a de- 
crease in spleen volume. 

3. The volume of intestinal loops increased slightly with “small doses” of 
ouabain and showed a striking increase with toxic doses. 

4. By making the vascidar tree of the mesenteric bed visible the site of 
action of the drug was demonstrated. 

5. Our results indicate that there is some pooling of blood in the splanch- 
nic circulation following “small doses” but that the amount is rather small and 
does not seem sufiScient to account for the decrease in cardiac output. Fur- 
thermore, this pooling of blood is not a purely passive affair, as one might 
expect if it wei*e due to constriction of the hepatic veins. 

It Is a pleasure to acknowledge t)ie helpful suggc.'stlons given by Dr. Arthur C. DeGraff 
and Dr. George D. Wallace. 
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ORAL POLLEN THERAPY* 


Sey’mour C. Schwartz, M.D., F.A.C.P., El Paso, 1ex.\s 


A lthough there liave appeared a number of reports “ 

. polleii-sensitivo individuals desensitization can be produce \ 'C 
administration of ])ollen antigens, this method of treatment in ic} 
considered by the majority of allergists as yet in the e.\pez imenta sflsC. 

The early experiments of Curtis,^ Touart,- AValzer,^ and 
cated that in certain eases of hay fever satisfactory relief of 
be obtained by some form of specific oral pollen therapy. No extensae 
tion of this motliod was attempted until Black, after dcmonstiatuic 
M’eed antigen appears in the blood and urine after ingestion of t te po 
the oral route in the treatment of 150 gi-ass and ragweed-sensi ne 
He used as the initial dose 10 drops of a 1:20 (5 per cent) in 

increasing it rapidly to a maximum dosage of 60 drops tin ee 
water, milk, or other beverage. Although having 
the oi’al method, Ins I’c-snlts did not efinal those he ohtainec m 
of parenteral injections. . t and 

Later, Gatterdam,"’ * using less concentrated pollen in i? 

doses than did Black, rc})orted marked relief "witli the oia jnv- 

to 85 per cent of hay fever patients. Black and Gatteidam safety, 

eral advantages of oral therapy in hay fever, such as the 
the ability of many patients to reach protective’ do,ses rapic } > caF’- 

expense azid discomfort to the patient, and its application, m 
in combination Avith hypodermic thez-apy. , , ^j.^] pollfa 

Stier and Hollister,® after some preliminary experiments jp 

therapy, observed that Black’s recommended doses Aveie too^ to 

some patients, almost unbelievably small oral doses “ 

symptoms, sizree the larger doses Avould pz-oduce them. '^g^tz-acfs 99d 
few patients the alternatiozi of hypodennaic doses of po eo 
doses AA'ith satisfactory z-esults. In other patiezits, who deszze 


•From the WiUiaiii Beaumont General HoRpitai, Ell Pa-^o. 
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hypodermic injections wliile away on vacations, the substitution of oral treat- 
ment during these periods rvas found to be effective in maintaining tlieir desensi- 
tization. They then used oral pollen therapy exclusively for the following three 
years in 383 patients, and reported that 78 per cent of these patients obtained 
satisfactory relief from hay fever symptoms. They believe that their results 
with oral therapy in hay fever compare very favorably with the results obtained 
with the hypodermic administration of pollen extracts. 

In Europe good results with oral therapy in pollen-sensitive patients arc 
claimed by Urbach,'” who employed the appropriate pollen peptones or pro- 
teins prepared from the entire pollinating flower, grass, or grain for treatment, 
although using the pollen.s in testing for sensitivity. 

Bernstein and Peinherg" treated 20 ragweed-sensitive patients in a Middle 
West community by the oral administration of a 1:33 (3 per cent) ragweed 
I)ollen extract. Treatment was given co-scasonall.v three times daily, starting 
with 1 drop doses and increasing to 10 to 15 drop doses of this extract at the 
end of one week. Although they eonelude that oral ragweed pollen therapy 
is of little value in this region, it should be noted that their dosage was higher 
than used by Gatterdam or Stier and Hollister, that the treatment period was 
short, from one to three weeks, and that the majority of their patients had 
received previous hypodermic therapy without benefit. 

Kockwell" used a specially prepared whole pollen antigen in capsules in 
the oral treatment of 182 patients with grass or ragweed sensitivity. His initial 
dose was 500 pollen units, and the usual maximum dose for grass-sensitive 
patients was 60,000 units, and for ragrvecd-sensitive patients, 120,000 units. 
Satisfactory to eomplcfe relief was obtained in 63.2 per cent of the patients, 
with somewhat hetfer results in the grass-sensitive group than obtained in the 
I’agweed-sensitive group. Ho believes that results comparable to those with 
the injection method will he obtained if oral treatment is begun preseasonally, 
and a sufficient maintenance dose is reached by the beginning of the hay fever 
season. Bohner," using the same antigen preparation for oral administration 
as employed by Kockwell, reported the results of treatment in 62 ragweed-sensi- 
tive patients during a season with a very high local pollen count. Satisfactory 
relief was obtained in 13 out of 21 patients with oral therapy, 16 out of 21 with 
hypodermic injections, and !) out of 20 with intraeutaneons injections of pollen 
extract. 

Barksdale'* treated 43 patients with hay fever and bronchial asthma by the 
oral administration of a combination of aqueous extracts of local pollens and 
house dust from the patient’s home. Complete or marked relief of symptoms 
was obtained in 88 per cent of his patients. Treatment was continued until 2 
or 3 ounces of the extracts had been taken, follorving which, in the great major- 
ity of patients, he noted a period of dcsensitization lasting twelve months or 
more. 

Black'” again attempted oral therapy in 40 ragweed-sensitive patients in 
1638. In this series he used pollen antigen in tablet form, starting with an 
initial dose of 500 pollen units, and increasing by 500 units each day imtil 
sjTnptoms subsided, or until a dose of 4,000 units was reached. IVith the 
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larger doses, 1,000 nnits were taken at a time, and as man}' doses used durin; 
the day as was necessary to get the required amount. His doses ivere prefer- 
ably taken on an empty stomach, followed by a glass of water. Two patirats 
had nausea and abdominal distress, and discontinued treatment. Satisfactory 
results were obtained in 40 per cent of tliese cases. He stated tliat, alflioiuli 
the results in general ivere not as good as with hypodermic therapy, some pa- 
tients obtained complete relief of symptoms with the oral treatment. 

That a certain proportion of sufferers, from hay fever can be satisfactorily 
relieved by oral therapy seems to be established. It is not surprising that the 
individual reports of experhnents in oral pollen therap}' have been apparently 
conflicting, when one considers the wide divergence in the materials and methods 
of administration used by the various investigatoi-s. As further ohservatwts 
would appear to be of value, I present my expenence with the oral method of 
desensitization in hay fever. 


MATERIALS AND METHODS 

Oral pollen therapy in ha}' fever was attempted in 33 patients 
latter part of 1936, and in 65 patients in 1937. The results obtained m 
were reported by McGrew,^'' who assisted in the earlier part of the e.\per ■ 
Good to complete relief of s}Tnptoms was obtained in , r 

cent of patients ivith eoseasonal oi'al treatment. In 1937 it was eci ® 
continue desensitization by hypodermic injection, and to employ t e 
for one entire season in all cases of pollen sensitivity piesmi mg „ j(j| 
for treatment at the Outpatient Clinic of William Beaumont eneia 

Pollens Used.—In 1936 there were only three pollen extracts 
oral treatment. All patients were given a combination of equa 
extracts of Benniida grass ( Capriola- dactylon ) , Russian t ns e 
fer), and careless weed {AmarantJms palmeri), the three , treatm®^ 

in this region.’^' For the 1937 season, additional extracts oi^ 
were prepared from the pollens of Western ragweed ^ocal i®- 

sagebnish {Arteviesia tridentata) , and six tree pollens o appeared 

portaiiee. Among other pollens available onl}' for were tht 


of sufficient importance to list for possible future use in this 
shad scale {Atriplex canescens) and the salt cedar {Tama-rn 9 

Sensitivity Tests. — Sensitivit}' tests 'were made h}' the usuaib' 

the majority of patients multiple pollen sensitivity was poto- 

four or more pollens, onty one patient showing sensitivity o a 
Extract of Pollen for Oral Administration.^The pollen ex 
oral administration was one of the extracts which have estnwt to 

the experience of Catterdam.’^ This is a 1 per cent (1 -1 ^ ■^vhic!i h 

an extracting fluid consisting of 0.85 per cent of sodium “ ^ jg carried 

added 5 per cent glucose and 15 per cent alcohol. T m ex j „(5 

out at room temperature with occasional shaking for twen } j},^ 


itliod. to 


the pollen removed by filtration through papei*. 


This extract wa-s 


used to 


*Much of the material used to Initiate the experiment 'has f umi. 
dam, of Phoenix, to r\hom grateful acknowledgment is given. 
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majority o£ cases. For some, the strcnslh of the extracts used was reduced to 
0,5 iier cent (1 :200) with satisfaetory results. 

Dosflflc.— Tlic patients were iiistriieted to start with a dose of 1 droj) of 
the polien extract in one-lialf glass of water alter morning and evening meals, 
gradually increasing tile dose by 1 or 2 drops daily until symptoms wore re- 
lieved. Tiiey were instructed to watch for symptoms of an overdose, which 
would probably be manifested by an luercasc in liay fever sj-mptoms within 
an hour, or a mild urticaria, or gastric distress or nausea. Gastric S 3 -mptoms 
did not occur in tins series, except in 2 patients who experienced moderate 
nausea at the beginning of tlio treatment. Many patients noted an increase in 
liay fever symptoms, and some experienced mild urticaria following certain 
doses of tlie extract. In sucli eases the patient’s individual tolerance to the 
extract could be determined. If overdosage appeared probable, tlie patient was 
instructed to reduce tlie next dose by several drops, and, if sj-mptoms were 
not then controlled, to increase successive doses very slowl.v. Often it was pos- 
sible for the patient later to roach a dose equal to or considerably larger than 
that which previously had been above his tolerance. Some patients appeared 
to show a very narrow limit Ijctween the dose wliieh con trolled symptoms and 
that which constituted an overdose, and in some it was difficult to determine 
whether or not continuance of symptoms was due to overdosage or to insuffi- 
cient desensitization. 

The dosage which controlled symptoms in the patients treated with satis- 
factory results ranged from 2 drops to 17 drops of tlio extract twice daily, 
averaging from 4 to G drops two or three times daily (appro.ximatoly 2,500 to 
3,700 pollen units). In patients commencing treatment after tlie onset of 
sjTnptoms, manj' were satisfactorily relieved after tlireo or four daj’s of oral 
treatment. 

Pollen Extracts Used. — Forty-eiglit jiatients were treated with a mixture 
of equal parts of the extracts of the three main pollen oifenders in this region; 
namely, Bermuda grass, careless weed, and Russian thistle. Nine patients were 
given one additional pollen extract, usually Western ragweed, sagehrusli, or 
mesquite, and one patient was not completely relieved until a fifth extract was 
added. Three patients were satisfactorily treated witli a mixture of two pollen 
extracts. In only 3 patients was a single pollen extract used; mesquite in one 
and ragweed in 2. 

Patients sensitive to giant and sliort ragweed liave shown sensitivity to 
the Western ragweed, liiit in tills locality the ragweed is not of major im- 
portance and most of these patients do not require treatment for this sensitivity. 
One patient, an ai-my officer, sensitive to Russian thistle, pigweeds, and rag- 
weeds, was uiiahle to take hypodermie treatment while on maneuvci-s in central 
Texas, where the Eastern ragiveed varieties are present. This patient was sat- 
i-sfactorily treated by oral administration of three pollen extracts representing 
tlie sensitivity groups, in which the ragweed fraction was prepared from the 
Western ragweed species. Another ragweed-sensitive patient, also an army 
officer, was on temporary duty in Ohio during the ragweed season. After severe 
bay fever sj-mptoms and asthma had appeared. Western ragweed extract wa.s 
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sent to him by mail. He was relieved by oral treatment in a few days, ami 
continued through the season without sjnnptoms on a dosage of 6 drops three 
times daily. A third ragri'eed-sensitive patient, living in North Carolina, was 
furnished Western ragweed extract for oral treatment three weeks prior to the 
ragweed season. He took 20 drops of the extract daily until tlie keginnin; 
of the season, then reduced to 6 drops twice daily, with complete relief iron 
his usual severe sjunptoms. 

RESULTS 


Of the 65 patients Heated by the oral method in 1937, 26 received com- 
plete relief from symptoms and 31 had satisfactory relief, the latter group hav- 
ing occasional symptoms during the dust storms common to this region, or when 
under other excessive pollen exposure. Considering the usual definition of sat- 
isfactory treatment in haj" fever, 87 per cent of the patients were satisfactorily 
relieved of symptoms with oral therapy, which results approximate closely those 
which can be expected wnth the injection method of treatment. 

The results in the remaining 8 patients were not satisfactory, although all 
but one received partial relief with the oral treatment. In at least 3 of thcsf 
patients, symptoms were possibly due to sensitivity to allergens other than pol- 
lens. In one, added sensitivity to various flowers appeared probable, for "'hie!' 
no treatment was available. In 2 patients overdosing was believed to have bcea 
responsible for the unsatisfactory results. In one patient with somewhat doubt- 
ful sjTnptoms of pollen sensitivity, oral therapy wms a complete failure, as ha 
been previous treatment by the hypodermic method. 

In the entire series 49 were adults and 16 were children. As a gronPi 
children shoived less severe symptoms and somewhat more satisfactory 
•with oral therapy than did the adults. Eighteen patients had taken .oral tiea^ 
ment the previous year, and had as good or better results during the seco^^ 
year of oral treatment. Sixteen patients had received treatment by 
method in previous years. Nine of these stated that the results of ora ler 
equaled those received wdth the hypodermic injections, and 6 claime ^ 
oral method ■was superior. The success ■with oral therapy in these pa 
believed to be due in part, at least, to the inclusion of a 
pollen extracts in oral treatment than had been employed in the qP 
method. 

There were 18 patients avIio were loiown to be sensitive to . for 

cellaneous allergens in addition to pollens. No specific treatmen , j,,. 

pollen sensitivity, ■was employed, the other methods being dietary 
removal of offending substances where possible. Eive of i-ccom- 

asthma which w'as relieved in four cases by oral pollen therapy maiiiffsb- 
mended measures. Eight patients in whom asthma was one o 
tions of hay fever vvere relieved of this symptom by oral theiapi a 

I personally observed all but 3 patients at intervals thioughoii^^ ol,)ainin2 
seasons. Observation is considered important from the problem- 

the best results in oral treatment. Each patient presents an in a- 

Occasionally new sensitizations are discovered. In multip e s 
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tract mixtures have l)ceii changed or new extracts have been added as considered 
necessary. Such flexibility of treatment, without danger to the patient, is one 
of the advantages of oral therapy. 


DISCUSSION 

Pollen Antigens . — There is considerable variation in tlie types of pollen 
antigens which have been used in oral dcsensitization experiments. Whole 
pollen, pollen proteins, and different types of extracts of pollen have been used 
with more or less success. Alum-precipitated pollen c.xtracts, used in hypo- 
dermic treatment by Sledge,’® have not yet been tried in oral therapy. I have 
used one of the liquid extracts exclusively, with results not justifying a change 
to some other preparation. Further experimentation will be ncccssaiy to deter- 
mine the most suitable type of pollen antigen for oral administration; however, 
the dosage will still remain the most important consideration. 

There is accumulating evidence of immunologic relationship in the aller- 
genic suhstances of the pollen of plant groups of related species. Thommen’” 
states that the hay fever excitant is similar in character in the various species 
of pollen belonging to any particular genus of trees. He also demonstrated 
that a patient sensitive to one grass pollen reaets to all other grass pollens. 
Sellers’” expressed the belief that Western ragweed is of atopic identity with 
the giant and short varieties. Although it is generally believed that immuno- 
logic relationship of pollens does not extend beyond the plant families. Sellers 
believes that sharp specificity is lacking between related families of the order 
CtienogoHates. These facts liavc been utilized as an aid in the selection of 
fewer pollen antigens for sensitivity tests and in treatment; for example, 
French” and others have used timothy grass pollen exclusively for testing and 
treating all grass-sensitive patients, and similarly a single pollen for each of 
the ragweed and amaranth groups. 

There is also some evidence that the allergenic substance of a pollen may 
be present in other parts of the plant itself. Farmer” quotes the botanist Mez 
as believing that “all living cells of the same plant show a similarity of their 
reactions”; however, he records .some interesting e.xperiments with a number 
of plants, showing that there is no immunologic relationship between the pollens 
and seeds of the same plant. Ciu'tis utilized extracts of the entire pollinating 
flower, and Urbach used proteins of the appropriate grass, grain, or flowers in 
their e.xperimcnts in oral therapy. It would be well to investigate further the 
possibility of substituting for pollen a more readily procurable antigen from 
some other part of the plant. 

Dosage . — In reviewing experiments with oral pollen therapy, the most 
variable factor appears to be the dosage employed. The dosage schedule suc- 
cessfully used in the hypodermic method is not applicable in oral therapy. The 
report of Bernstein and Feinberg includes observations indicating that the 
amount of antigen demonstrable in the blood after oral administration is only 
1/4,000 of the amount demonstrated after hypodermic injection. This has led 
to e.xperiments in which oral doses considerably in excess of the usual hypo- 
dermic doses have been administered; however, judging from some of the re- 
ports and from our oivn experience there seems to occur a far greater desensi- 
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tiziiig effect after oral administration of moderate or small doses of pollen anti, 
geu than can be readily explained by the amount of antigen which is appaiciillv 
recoverable from the blood following this method of adminislralioit. 

Those who have reported the best results with oral therapy have used b 
general small doses frequently repeated. The usual maintenance dose in osr 
series has been from 4 to 6 drops of the mixed 1:100 extracts (approximatclr 
2,500 to 3,700 total pollen units) taken two or three times daily. 

It has been shown by a number of workers that when desensitization u 
obtained through oral therapy, a satisfactory desensitizing dose may be reacW 
by the patient very rapidly, I have noted marked to complete relief after tk 
fourth or fifth dose of piolleii extract administered orally in gradually asccnl 
ing doses. The desensitization period following an adequate oral dose appears 
to be very brief as compared to that following a maintenance dose by injection. 
This makes it necessary to repieat the minimum oral maintenance dose ire- 
qnently up to three, and occasionally' four, times a day. 


P?'eseasonal Treatment . — In his experiments with oral therapy, Touartusei 
small daily doses of antigen preseasonally' for six weelrs, discontinuing fbc Iteal- 
ment at the onset of the pollinating season. Some of his patients ivere sats- 
factorily relieved during the entix’e season. Other attempts to use this metW 
have not porodneed satisfactory I'esults. Preseasonal oral therapy alone tias 
been discontinued in later experiments which favor the coseasonal raetliftl 
Gatterdam recommends the building np of immunity with larger doses pre- 
seasonally, reducing the seasonal treatment to the lowest maintenance dose 
which will relieve sy'mptonis. Kockwell believes that "build up” doses shoal 
he attempted before the season, and maximum doses continued coseasonally. a 
our series, preseasonal treatment followed by the minimum required ma'Dle 
nance dosage during the season has given good results, and is advised for pa * 
who have not been entirely’’ relieved by’ previous coseasonal oral treatment. ^ 
Coseasonal Treatment . — Coseasonal treatment has been the 
commonly employed in oral therapy. Stier and Hollister both favor if- 
has used it exclusively’. In most of our patients it was used of 
they were first seen after symptoms had become manifest. The rapid J 
safety’ with which a maintenance dose can often he reached coseasona^ 
mai'ked advantages in oral therapy’. In most of our patients coseasona 
ment is all that has been required. . . j 

-Gatterdam advocates biiildiug iiP 

ear at me 
7bb 


Perennial or Animal Trcatment.- 


moderate oral maintenance dose, repeating this throughout the y 
three- to seven-day’ intervals, thereby’ producing a more lasting muu 


method appears worthy’ of further trial. 

Conibined Oral and Hypodermic Treatment.- 


Gatterdam 


employs ora! 


apy’ as an adjunct to hy’podermic injections in patients not respo 


__ velll' 

oral treatment alone. Stier and Hollister found that, in patien 
hy’poclermic treatment, oral therapy’ was successful in on vacs- 

tion in patients undergoing hy’poclermie treatment during a paving screrc 
tions. Black reported that pollen administered orally to doses 

reactions with hypodermic thei-apy and unable to reach pio treaf 

the beginning of the season, enabled them to continue the lyP 
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ment more rapidly and witliont reactions. It seems probable that eombined 
oral and hypodermic treatment would produce better results than either method 
used alone in anj' series of cases. 

UISAUVANTAUES OF OBAU THERAPY 

(a) Cost: That oral therapy is expensive has been noted in several re- 
ports. Pollens are now less expensive than formerly. If the 1 per cent (1 ;100) 
or weaker extracts are used for oral administration and dosage kept to the 
minimum requirements, the cost is not excessive. From the standpoint of the 
patient, the expense incurred in visits to the physician 's olTiec is reduced. 

(b) Results Not as Good as With Hypodermic Therapy: This apparently 
applies to the giant and short ragweed-sensitive patients only, judging from the 
available reports. The type of extracts and dosages used by Gatterdam, Stier 
and Hollister, and myself have not been given an extensive trial in this group 
of cases. Stier and Hollister are of the opinion that better results might be 
e.xpeetcd in the fall hay fever cases if treatment were more inclusive. In our 
series we have included, as a rule, at least throe pollens for the fall cases, usually 
including Bermuda grass, although skin sensitivity tests or symptoms did not 
necessarily indicate the need for grass treatment. 

(o) Dosages Not Easily Controlled: This is a considerable disadvantage 
in oral therapy. Reactions to treatment eaiinot be observed with the exactness 
obtainable in hypodermic therapy. As the treatment is carried out at homo, 
the patient may be inclined to experiment or overdose and not follow instruc- 
tions. Even with cooperative patients it is occasionally difficult to determine 
the correct individual dose. Host of our patients have been sincerely inter- 
ested in obtaining relief, and, ns a rule, coo|ieratc m following instructions. 
Small amounts of the extract were given out at each visit, requiring the patient 
to return frequently for refills. At these times progress was noted, evidence 
pointing to overdosage or underdosage was obtained, and further instructions 
and advice were given. In a number of patients these instructions regarding 
the regulation of the dosage wore necessary. In oral therapy, as has been 
pointed out by others, each patient is very much an individual problem, and no 
exact schedule of dosage should be attempted. 

(d) Variability in Enteral Absorption: There is evidence of variability 
of absorption of proteins through the gastrointestinal tract. In what way this 
may apply to the absorption of pollen antigens administered orally in allergic 
individuals is not known. The active principle in pollens is apparently not 
significantly altered by peptic digestion; however, some contrary observations 
have been made. Even the formerly accepted belief that pollen antigen is 
purely a protein is now a matter of some dispute. In oral pollen therapy the 
probability of individual variation in enteral absorption should be kept in mind 

ADVANTAGE.S OF ORAL THERAPY 

(a) Absence of Serious Reactions: No serious reactions have been en- 
countered in any of the reported experiments in oral therapy. Gastroiiitc.stinal 
sjuaptoms, usually mild in character, are most frequently noted. These usually 
accompany the first few doses, particularl 3 - if taken on an empty stomach. Such 
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reactions appear to occur more frequently when pollen antigens are admiaistff;^ 
in tablet or capsule form. With pollen extracts taken after meals in liqaii 
form, well diluted, gastric reactions have been negligible. Mild urticarial resc- 
tions, which I have not infrequently encountered, and the increase in lav 
fever symptoms following shortly after oral administration, have occurred it 
patients who have increased dosage too rapidlj""; most frequently they are ar 
indication that the maintenance dose has been exceeded. 

(b) Ease of Administration: The wide margin of safety in oral tlierap) 
permits the carrying out of treatment at home with occasional visits to the 
physician for instructions or advice when required. This feature is most at- 
ceptable to patients of all ages, especially to children or those avei-se to hyp^ 
dermic injections. 

(c) Rapidity With Which Desensitizing Doses Arc Reached: Our eipe- 
rience is similar to that of others who have found that with oral therapy rdici 
of symptoms can often be obtained after the first few doses or ivithin one te 
three days. In many of our patients maintenance doses were reached within s 
week. Such results have been most gratifying when obtained in patients pre- 
senting themselves with well-deA'eloped hay fever synnptoms. 

(d) Ava-ilahility of Treatment Under Unusnal Conditions: This has been 
previously mentioned in connection with patients unable to come for office treat- 
ments, or those away on vacations, or those who travel frequently. In®i 
cases, oral treatment offers the best solution, either given alone or as a suppf 
ment to, or temporary substitute for, liypodermic therapy. 


SUMMARY AND CONCLUSIONS 

Oral pollen therapy has been employed at William Beaumont Gcncial Ho 
pital, El Paso, Texas, in the treatment of patients with hay fever 
of three yeai's. In 154 observed eases the results have been compaiai e o 
which Avould have been expected if the hjTOodermic method of 
been used. All piatients except 3 came from the semiarid region o wes 
These 3 ivere ragiveed-sensitive patients who were given 
a Western ragweed extract, when under exposure to the Eastern spcci 
were completely relieved of symptoms. _ ()•,[■ 

Materials and methods used are set forth and discussed, toge ler 
reports of other investigators in oral pollen therapy. ^ n - the ora! 

In the present-day treatment of hay fever, desensitization y 
administration of specific pollen antigens cannot entirely ™ iHimbeo 
lished method of parenteral injections. HoAvever, a tjierap.v 

patients can he given as much relief by intelligently administere 
as can be obtained by the hypodermic method. Under certain 
treatment bjv the oral route is the method of choice. There is su 
regarding the efficacy' of oral therapy’’ in hay fever to justify a mo 
use of tills method. , 

Addendiim . — ^During 1938 oval pollen therapy vvas continued in jf jf, GrN- 

of this Iiospital under tiie direction of Captain N. H. Wiley, M. C., an 
M. C. The same methods have heen in use ’with materials I have urn obscnahi^' 

Major Green has reported the results in 56 patients who have patit-* 

as follows; GU)Od to complete relief, 36 patients (64 per cent), nir 



aCHWAn rZ : OHAL I‘OLIXN THERAPY 


575 


(27 per cent); purtiul or poor relief, 5 patients (» pei cent). Tlio pollen reason in 
the vicinity of El Paso was extremely seiere, with pollen counts averaging many times those 
in normal years. Some local physicians bclic\c that this has been tlie worst hay fever 
season in the history of this city, with hypodermic therapy much less effective in many 
cases tlian in previous seasons. The lesults with oral therapy during 193S, while not as 
satisfactory as obtained in previous yeais, aie considered good in view of these circum- 
stances. With an culinary pollen concentration, the patients having received fair relief 
might have had a satisfactory season. If tins had been the case, tlie results would have at 
least equaled those obtained in tlie two prexious years. 
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age range was from. 13 to 70 years. The silos were as follows ; thumb 4, finger 
3, palm 1, forearm 2, shoulder 1, neck 4, cheek 4, oihital region 3, forehead 2, 
buttocks 2, leg 2, foot 2, and toe 1. No definite sites were given in C cases. 

Traumatic epithelial cysts are more commonly found in the type of patient 
exposed to repeated trauma, such as manual laborers, mechanics, and the like. 
In accord with this, the greater incidence is in males. Some patients develop 
these cysts from a single injury, whicli may be severe, or so slight as to be com- 
pletely forgotten. The common sites arc the palms and the flexor surfaces of the 
fingers and thumbs, as well as the soles of the feet and exposed areas of the 
face. More rarely they may occur on different parts of the body following sldn 
grafts and certain surgical procedures, such as operative repair of the perineum. 


<? 


Fiff. 1 a, ■yv’all of epithelial cyst, b, heratlntzcd epithclml cells In cyst. 

The cysts appear as round or oval swellings, averaging 1 to 2 cm. in diam- 
eter, although often reaching gi'catcr dimensions. They are firm or semi- 
fluctuant, usually nontender, and somewhat freely movable The walls of the 
cysts vary from 0.1 to 0.3 cm. in thickness. On the inner aspect are attached 
dense plaques of laminated keratin. The contents arc grayish white and greasy 
or caseous in appearance. 

Microscopic section of the walls of these cysts strongly resembles the epi- 
dermis (Pig. 1 ). The outer edge (away from lumen) consists of a single row 
of conspicuously nucleated high cuhoidal cells. This basement membrane may 
Iiave a few supporting strands of fibroins tissue but no definite capsule. Pro- 
ceeding inward arc several layers of clear polygonal cells. In this stratum the 
intercellular bridges arc usually well marked. Next arc a few platelikc layers 
of flattened cells whose nuclei are less distinct and show karyorrhexis with scat- 
tered nuclear fragments and small masses of chromatin (Fig. 2). The innermost 
iaj-er is dead and cornified; the nuclei are absent but the cell outlines are still 
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Figr. 2. — Wall of ejjithelial cyst showing: intercellular bridges and degeneration of ct'lU 

the keratinized layer, b. 



, polyhedral colh 


Fig. 3. — a. Fibrous capsule on outside of sebaceous cyst; b, secretory 

•intercellular bridges. 

partlj" visible. The lumen contains keratin and cellular debris, 
of the wall present a tj^pical squamous appearance. Some areas aie 
as if by pressure, and the thiclaiess varies. The epithelium may le 
a thin layer 2 to 3 cells in depth, or it may be completely missing-. " 
there may be small irregular clumps of epithelial cells supported b.^ ^ao 
amount of loose fibrous tissue. Some cysts show foreign hodt g>‘i' 
cellular reaction with Ijonphocytes predominating. In caib'ib’- 

scopic characl eristics of sebaceous cysts are briefl.v: a definite 
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absence of distinct layers, absence of intercellular bridges, and an inner layer 
of active secretory polyhedral cells with no flattening or eornification (Fig. 3). 

Traumatic epithelial ej’sts ai'c most easil 3 ' confused ivitli sebaceous ej-sts, 
but they appear on areas devoid of sebaceous glands or hair follicles. The 
contents arc similar in gross api>carancc, but the epidermoid ej'st does not have 
the intense “sour’’ odor often associated with sebaceous material, A rapid 
differential may be made hy smearing tlie moist contents aided by mcthjdene 
blue stain. Under the microscope epithelial cells, cellular debris, and keratin 
arc seen, in contrast with the amorphoxis contents of a sebaceous cj’st or wen. 
Fibromas are solid and often more deeply situated and firmly anchored. 
Ganglions and synovial lesions communicate with underlying structures and 
contain thick, glairy fluid, Lipomas and xanthomas are usually easily recog- 
nized. Dermoids, articular nodes, and tin* adenoid epithelioma group of tumors 
are mentioned only to he ruled out. 

These traumatic cysts rarely beconie malignant and seldom become in- 
fected. Since thej' arc usually readily tlissectable, treatment is complete ex- 
cision under local or general ancstlicsia. If incompletely removed, they tend to 
recur. An epithelial cyst on tlic pulp of the thumb or finger maj’ erode into 
the phalanx. 

Two cases that show interesting complications that may develop from 
traumatic epitliclial cj’sts arc cited. 

A. G., a 43'yoar-oUt male, "aas nihuittcd to the hospital January 20, 1937, complaining 
of a painful swollen sole of his left foot of a year's duration. He said ho developed a 
callus over tho transverse arch about fifteen years ago, b\it it gave Iiim no trouble until a 
year ago, uhen it grew larger and harder, and he received treatment from a cliiropodist. 
Ten months ago he was given radium treatment at Worcester City Hospital, and follouang 
that, cauterization of a sinus tract that broke down and discharged puslike material. Sue 
months ago the patient was sent to another hospital. E.xamination at that time revealed 
an area 2 by 4 cm. of extensive keratosis on the left sole over the metatarsus of the second 
to the fourth toe. The area was render and surrounded by a small inflammatory zone, but 
showed no oozing. The patient was given two x-ray treatments and the lesion then excised. 
It healed with a thick keratotic scar that was somewhat painful. Pathologic report was 
hyperkeratosis. Ho was discharged and follow-up treatment was at our Outpatient Depart- 
ment. A few weeks ago there appeared several small elevations about a central depressed 
area. On pressure there exuded puslike material that proved microscopically to consist 
largely of desquamated epithelial cells, but no organisms could be found. On admission 
to the hospital the lesion was radically excised, two toes being sacrificed for skin flaps. The 
wound healed slowly and the sinuses again became manifest. X-ray showed no evidence of 
bone infection. Consequently, on the sixty-first day a partial amputation of the foot through 
the metatarsus was performed. The drain was removed on the third day, and the wound 
healed by primary union except for a cicatrix in the drainage area. The patient was dis- 
charged on the thirty-fourth postoperative day after commencing weight bearing on tho foot. 

The pathologic report was as follows: Microscopic sections show’ irregular sinus tracts 
containing cellular debris and dense masses of keratin. They are lined with stratified 
squamous epithelium that shoAVs pearl formation but no evidence of malignancy. In the 
Subcutaneous tissue there is polynaorplionuclear and plasma cell reaction with areas of necro- 
sis. A few foreign body giant cells are present. 

I>’Kignosts: Epidermoid cyst with acute inflammation. The patient made a goad re- 
covery, and at the present time he gets around well with a specially made shoe. There has 
been no recurrence of the lesion. 
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P. L., a ‘ll-ycar-old male felt worker, was ailniitteil to tlie accident floor on Jairon 
5, lOflo, complaining of a tumorlike swelling of Iiis riglit tliuml). While at work tliree 
months before, ho piekcrl up a wooilen sliver under tho nail, which lie reniovol hiniselt. 
Six weeks later the thumb became swollen and sliglitly tender. Hot soaks were applW, 
and later a considerable amount of “pulpy’' material wa.s expressed from imdw tlie nail 
One month later a tumorlike .swelling was noticed that continued to incre.isc in size onlil 
ho was referred to the hospital by his doctor. Examination revealed a firm, rounded 
ment at the end of the thumb, partly under cover of the nail. X-ray showed a cleaHot, 
cre.seent-sluqzcd erosion of tho tip of the terminal phalanx, tinder local .mcstliesia an it 
cision wa.s made parallel to the nail, and the .soft tissue deflected to expose a cavitv 6M 
with dry luiseous material. A small .sae. was excised that grossly re.semhled a sehaceonj cut. 
The area was eauterizeil with e.arbolie acid, followed with .alcohol, and a v.aseline game 
pack ami sterile dressing were applies!. Microscopic, sec.tions showed squamous cpitlieliim, 
\Yith excessive koratinization and ronnil-ecil reaction. 

Diofinosix : E])idermoid eyst. 

On May 11, 10.'',.'), tho patient was admitted to the ho.spifal a second time. Thcfe™ 
failed to heal cmiiplotoly, although the jiatieiit wa.s back lit work for a time. The teor- 
like growth returned and four montli.s later another operation wa.s made on the tlranih. Ut 
nail was removed and a i-y-stio mass excised. The bone wa.s well curetted anil the ana 
earboli/.ed. The patient nimle an uneventful recovery. Patludogic diagnosis was tlic sam 
as previoii.sly. 'fliis cji.»(‘ also illiist rales the iiidiistna! compensation aspect of this 
The patient has had no reciirrencp to dale. 


.Sl.’.MMAltV 

The imiiorliinco of tnuimnlu! citilliclinl cy.sls, also known ns 
imitlantalion cy.sls, is iiuliealcd. 

The history and various theories of genesis arc briefly reviewed. 
Differential diagnosis, c.siH'cially for schaecous cysts or wens, is allempf^ 
Two eases are iircsentod which give intoresling complications that mat a 
from such evsts. 
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STUDIES IN THE ALniENTARY CANAL OP MAN^ 


X. A RoENTonN’OGnApnic Study op tud Normal Pvlokus and 
Duodenal Cap 


J. I\I. Painter, T, "Wingate Todd,! and Wiluelmine Kuenzel 
Cle\'eland, Ohio 


PLAN OP STUDY 

W HILE there have been inau5’ expennienlal investigations upon the activ- 
it3' of the pj’lorus and tliough wa are deeply' indebted to Lewis Gregory 
Cole and others for much information upon tlie human pj'lorus and duodenal 
cap, it appeared to ns, from our routine observations upon normal stomachs, 
that there are still manj* features of interest to be explored in a s^'stematic 
study of the pylorus bj' serial roentgenography. 

"We have not j’et acquired a special aiiparatu.s. such as that so ingeniously 
contrived by Jarre, ^ wlio made studios at such small intervals of time as one 
second. Since our original studies were made, Gianturco and Alvarez- re- 
ported serial roentgeiiographic studies wliich they made at the rate of four 
to six per second and Groodel and Franke'* made similar studios at sixteen per 
second. Barela}*'- and van de Jlaele'*’ developed and perfected still further 
this direct method of recording movements in actual roentgeiiographic series. 
Rej'nolds'’ described an indirect method of recording movement wliich consists 
of photographing, n'ith an ordinary cinematographic 16 mm. camera, the 
image of the fluorescent screen. Our method, however, enables us to study 
pj’loric action over longer periods of time than anj* of the above methods. 
While it is true that any investigation which is discontinuous is open to ob- 
jection, we feel that the defects may be tlicorctical rather tlian practical, for 
the mechanism of the pjdorus and cap is comparative!}’ slow in action. Our 
serial roentgenograms were formerly taken at intervals of twenty seconds. 
This proved unacceptable inasmuch as the rhythm of action may be, tliongb 
it is not always, of shorter duration than twenty seconds. "We, therefore, re- 
duced our intervals to ten seconds and found that, although we do now and 
again miss a systole of the cap or a pyloric flutter, these omissions ean be 
detected as a rule and discounted. 

Natm-ally the period over which observations can be carried on varies in 
inverse proportion to the interval between roentgeiiographic exposures. Oui 
twenty-second interval studies extend over a period of approximately twenty 
minutes, whereas oui* ten-second studies last only about ten minutes since we 

•From the Laboratorj' of Anatomy. Western Reserve University, Cleveland. 
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limit ourselves to between 70 and 80 exposures in order to keep welhvitMn 
the x-ray skin dosafre. Tlie results, as we sliall present lierc, amply justik 
our effort. 

The fundamental features of gastric behavior patterns have already ken 
described in various jmblieations by Todd and Kuenzel,^’"- and saa- 
marized in the Beaumont Lectures for 1930.” From these writings it is cleat 
that gastric behavior can be very definitely infiuenced by the type of stinrate 
employed. There is no difficulty in distingnishing the responses to water, 
milk, buttermilk, soda, peppermint, heat or cold. In addition the gastric 
waves have been timed,”' and it was found that these diverse reagents elicit 
distinctive responses. 'J’he sirecific efl’ect is transitory, lasting only until tk 
reagent is flushed from the stomach by the flow of gastric juice, a matte 
usually requiring fifteen minutes. The eff’eet takes time to materialize, anti 
it is usually about three minutes after ingestion before the full specific reac- 
tion is attained. Cold is far more evanescent in its eff’eel. A latent period d 
about a minnte and a half occurs as with the fluid reagents and specific 
activity rapidly rises to a maximum, but the increased vigor of response k- 
gins to fade away about five minutes from the moment of ingestion. After 
the stimulus of beat there is no latent pioriod. Depth, speed, freqiieiic). awl 
vigor of the peristaltic waves arc immediately greatly increased, fliishpica 
heat modification gradually subsides but, ns with our 5 -omice test 
may be fifteen minutes before neutral or nonspecific gastric activity is restor . 

Since the infineneos we studied are clicmical and not jriiysical immturejd 
follows from the foregoing that, the period three to fifteen minutes after 
tion is that most suited to our purpose. Tliis is irraclically coveiec 
ten-seeond interval exposure program. We eommeneed each studj 
utes after the fluid was .swallowed, so tlmt, when the self-imposed limi o 
observation was renebed, the specific efTcet. was almost over. 

Tire investigations licrc i-ecoi-ded cover three phases, namely 
closnre of the pylorus, systole and diastole of the dnodennl cap, ate 
of barium from the cap into the descending or second part of the '’® 
When we speak of evacuation, it is the last-mentioned movement to 
refer. The term “passage” in our rocnlgenoscopic studies cap, 

of contents through the pylorms, which results in filling of the ‘ {jofi 
This w’e also see very clearly on the roentgenograms. While senn 
is doubtless assisted upon its way by peristaltic action, there is 
in the studies previously cited to demonstrate that fluid conten s a 
through the pylorus. . 

When one of our stauclai’d fluid meals is administered, t gee- 

continuoris passage through pylorus and duodenum, lasting a pas a® 

onds, after which it suddenly ceases. Apparently the resting s oim 
easily opened pylorus which is caught unawares and closes o 
mechanism becomes aroused. This takes about thirty limited '>1 

passage occurs at intervals controlled by the pjdoric rhythm cap- 

its closnre. Enough contents pass to fill more or less t e 
Systole of tlie cap itself brings about evacuation into the secon 
portion. 
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Pull evacuation takes place clown the cluodeuum, provided the pylorus is 
■closed, when the cap is in systole. If, however, the pylorus is open, systole 
projects some eontents hack through the pylorus, and this detracts from the 
amount of contents which enter the duodenum proper. 

With this preliminary statement in mind we can proceed to the discussion 
of our experimental series in detail. For this study of the normal pylorus and 
cap we have utilized six experiments (see Table I), our roentgenographie 
series XII, XV, XVI, XVII, XVIII, XIX, each one of which is arranged as 
experiment and control so that actually there are twelve studies involved. 
The six students who served ns subjects were thoroughly conversant with the 
problem and technique. All had been engaged in the conduct of similar ex- 
periments. They were sophomores with a year’s experience of roentgeno- 
graphic study. Alt experiments were made during the morning in late 
October or early Nor'emher, 1929, except series XII, which was made during 
the morning in July of the same year. Detailed notes were recorded at the 
time of the experiment ; this studj’ covers a careful examination of these notes, 
together with an analj’sis of the serial roentgenograms made at each date. 


T.\ble I 

PoENTor.NOfai.\pnic Sep.ifs iNciroED in Study 



SURJECT 

TIME 

INTER- 

VAL 

COK- 

TROL 

EXPERIME.N'T 

TIME 

^tr’ies Xll (sea Fic, 
9) 

ilc 

:i0 sec. 
20 see. 

AWk 


20:00 A.M., July 1 
10:23 A.M., July 2 

Series XV (SCO Ficf. 
7) 

S 

10 sec. 
10 sec. 

Milk 

Soda 

10:05 A.M., Oct. 31 
10:05 A.M., Nov. 1 

Series XVI (see Fig. 
8) 

P 

10 sec. 
10 sec. 

Milk 

Peppermint 

10:30 A.M., Oct. 31 
10:30 A.M., Nov. 1 

Series XVH (see Fie. 
5) ^ 

M 

10 sec. 
10 sec. 

Milk 

Buttermilk 

11:20 A.M., Oct. 31 
12:20 P.M., Oct. 31 

Series XVIII (see 
Fig. 0) 

G 

10 sec. 
10 sec. 

Milk 

“Neutral” pat- 
tern 

11:05 A.M., Nov. 1 
12:05 P.M., Nov. 1 

Series XIX (see Tis. 
10) ^ 

Hi 

10 sec. 
10 sec. 

IVnter 

Amyl nitrite 

11:43 A.M., Nov. 1 
11:51 A.M., Nov. 1 


The subject ate his usual breakfast but refrained from all food thereafter, 
drank no water between breakfast and the control study, and did not smoke, 
drink, or chew in the interval between this and the time of the actual experi- 
ment an hour later. At least two hours, and not more than three, were al- 
lowed to elapse between breakfast and the study whether control or experi- 
ment. This, as our experience proves, insures an empty stomach when the 
investigation begins. Swathed only in a sheet the subject was hound lightly 
to the vertical roentgenographie stand so that his position would remain sta- 
tionary throughout the study. In all studies except XII, roentgenograms 
"■ere made at ten-second intervals; in series XII they were made at twenty- 
second intervals. First the control observations were made comprising 40 
exposures or more, according to the plan devised for each study after our 
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small standard meal Avas administered. This meal coa.siste(1 ol 4 oimceso! 
vehicle and one ounce o£ barium sulfate. In the control the vehicle ws 
either milk or water, as dictated by the conditions of tlie experiment. 

In series XVII and the aetual experiment was begun an hour alter 

the control series, for it is our experience that tliis small standard meal h all 
eliminated through the pylorus after an hour’s time. In series SD, XV, snJ 
XX^I the actual experiment was begun on the morning following the contwl 
experiment at the same time of tlie morning and under the same conditions. 
In the actual experiment the subject again took his place as before at fte 
vertical roentgenograpbic stand and again roentgenograms were made every 
ten seconds. This time a small standard meal was given, but the vehicle con- 
sisted of buttermilk, soda solution, or peppermint, as later described. In the 
x’einaiuing three experiments tlie second or experimental part of the stndy 
was modified, for one study was made of the neutral waves or hunger contrac- 
tions, one of the effect of amyl nitrite on gastric activity, and one the efed 
of a balloon in the stomach. Eacb exjicrhnent had been carried out pR- 
viously upon the same subject for practice, and the conditions of each exp® 
ment were dictated by the experience gained from a study of 10 or rooreot s 
.subjects in an identical experiment. 

JIECHANISM OP EVACUATION 

We find in all our gastrointestinal studies that pyloric rhythm seems a 
dependent of gastric peristalsis. Evidence for this has previously 
sented^^ and it is only irecessavy, at this point, to recall the conclusion. 
ticularlj^ strong peristaltic wave may momentarily force the close py ' 
though this is not a frequent occurrence. 

The primary cause of evacuation is cap systole. With an open 
such as is found immediately after swallowing a meal on an emp ^ ® jjjj 
the fluid will pour through pylorus and cap in a continuous 
absence of cap systole. Again, a vigorous gastric 
the closed pylorus and momentnruly project contents throug i 1 
whatever the phase of the cap rhji;hm. As a rule, cap systole is jljj 

by a closed pylorus. This .systole results in full 
pylorus not close before cap symtole takes place, there is but jjie 

tion, for some of the cap contents return to the pyloric vesti u e 

open pylorus. _ „ it is open®' 

If passage takes place through the pylorus either beeaus jp be 

because it is forced bj^ a strong peristaltic wave and the 
in systole, an extrasystole is superimposed which results m jQ^nced h? 

This extrasystole, like the regular systole, appears to be a re 
relative distention. have 

For the further elucidation of these behavior patterns we },aveh«^“ 
Figs. 1, 2, 3, and 4, which illustrate typical phases of the ae lon- 
taken from the series comprised in our control study or 
nitrite, in which series the stomach contains a standard 2 Ihe 

1 the pylorus is open, the cap is in diastole and is filling. i 
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Flp. 1.— Passage through open pylorus Into cap In diastolic phase. 'Water meal. Note the 
peristaltic contractions In the second part of duodenum. (Series XI7C, HI. No. 23.) 



Pig. 2. — Systole of duodenal cap. Water meal. Pylorus closed. Contents passing Into distended 
second part of duodenum. (Series XIX, HI. No. 26.) 
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XIX, Hi. No. 19.) 


.. tiie duo(ie»®®' 

is closed and evacuation is taking place into the second pai of 

inusnallj' ■■ njn. 


Fig. 3 shows the forcing of a closed pylorus by an nr 
gasti’ic peristalsis, ivith passage of contents into a cap alicaty " of s® 

4 illustrates the partial evacuation resulting from systole in t le^ 
open pylorus. Contents are passing hack into the stomach as v 


duodenum. 
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FLUID HEIGHT 

The amount of passage and evacuation can be directly checked by observ- 
ing the fall in the upper level of the column of barium contents in the stomach. 
■\Ve have satisfied ourselves of the essential accuracy of this observation by 
checking the sinking level in a stomach under normal circumstances and again 
when the barium contents are enclosed in a balloon (see Fig. 9). In the latter 
experiment no passage can, of course, occur, and the column level remains 
constant. 

In the graphs an oscillating emwe showing fluid height registers the fall in 
level of barium-containing stomach contents during the period of study. The 
necessaiy information is obtained by reading on the roentgenograms the pro- 
jected distance, parallel Avith the axis of the A'crtebral column, between the 
lowest point on greater curvature of pyloric ve.stibule and the highest level of 
the barium-containing fluid in the stomach. Tlie upper delimitation does not 
necessarily mean the lower border of tlu* jMagenblase. In series XVIII, for 
example (.see Fig. G), the neutral condition of the stomach was investigated 
an hour after tlie SAvalloAving of tlie meal ; conse(iucntly tlie fluid level was very 
low indeed. Ii| series XII (see Fig. 9 ) the fluid level could not fall since the 
barium-containing milk Avas enclosed in a balloon. In series XV and XVI, 
studies of the effect of gastric regulators (see Figs. 7 and 8), the leA'el remained 
the same in spite of a continuously patent pylorus and duodenal evacuation. It 
is difflcult to Ainderstand hoAv this can happen. Our liypothesis is a profuse 
gastric secretion Avhich mingles Avith and replaces the barium vehicle in an 
active stomach, resulting in a relatiA'ely .slow passage of the barium salt. In 
the other studies, where the fluid IcA'el falls, aa'c infer that the gastric secretion 
does not mingle but forms a layer above the baiuum-eontaining contents. 

RESPONSE TO MILK 

Our series XVII Ava.s designed to demonstrate tlie difference in response to 
milk and buttermilk. The subject jM. was chosen especially because of his 
equaniraitj' in preA'ious examinations. Tlie fir.st roentgenogram Avas taken 
exactly tAvo minutes after sAA’alloAving the meal. By tliat time the regular 
pyloric rhythm Avas established (see Fig. 5). Our records do not show ab- 
solute uniformity, of course, since tiiey are discontinuous ; nor is it necessary 
to postulate formalism in any Avay. The pylorus opened for approximate!}’ 
tAventy-fiA'e seconds and closed for approximately forty seconds during the 
period of study AA’hich lasted seven minutes and forty seconds. 

It is only natural to expect that systole of the duodenal cap should coin- 
cide with a closed pylorus, and diastole Avitli an open pylorus. In general, 
this actually happens, but at first there is a little mistiming of the phenomena. 
The average cap diastole is forty seconds and the average systole is also forty 
seconds. Examination of Fig. 5 demonstrates the faulty timing of cap systole 
Avith pyloric closure. Six minutes after the meal Avas SAvallowed, hoAvever, the 
timing became perfect. 

Evacuation may be either full or partial and is, as a rule, not nearly so 
complex in its relationship to the other tAA’O phenomena as it is in this par- 
ticular study. The complication is here caused by mistiming the rhythms in 
cap and pylorus. "We have already discussed the mechanism of evacuation. 
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WhcflT'T? thevefore, simple, though itmy beWioE 

hen the first roentgenogram Mms taken the pyloric complex ivas cmW 
probably due to a subconscious disturbance of nervous origin. Itisaco* 
tion which we liave come to expect during the first minutes after the cob- 
mencement of a roentgenographic study. Three minutes after the meal ws 
swallowed the several rhythms began to adjust themselves. Opening of tie 
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Fis- 0 .— Grnpii or nndlnes In series M., mllk-buttcrmllk rc.spon.«cs. Consult TaWe I it! 

text for UctaUs of experiment 



Pig. 8. Graph of findings In scries G., milk-neutral responses. 

text for details ot experiment. 


Consult TaWs 1 


pylorus, with consequent filling of the cap, is followed by cap 
evacuation. At the end of four minutes the pylorus is again open an " 
and evacuation follow. The confusion continues, however, 
seven and eight minutes after the meal is taken. The evacuation 
this time is partly due to the course of contents through an open P7 ^ 
a diastolic cap and partly due to cap systole in the presence o 
pylorus. At. the end of eight minutes and forty seconds, when > 
ceased, the rhythms were in act of establishing their coordination. 
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AVliereas on the average the pylorus is closed for forty seconds and open 
for twenty-five, cap systole and diastole each occupy approximately forty 
seconds during this fragmentary study and evacuation follows suit. 

"Waves of gastric peristalsis still retain their neutral rhythm for a while 
after the milk is swallowed, but in five minutes the slow milk rhythm is estab- 
lished. Waves follow each other along the stomach at an average interval of 
forty-four seconds. 

Series Xflll, another milk study (Pig. 6), differs from the foregoing in 
that the first roentgenographic exposure was made just before the meal was 
swallowed. The pylorus is caught closed which is rather unusual. Within 
ten seconds from the moment of swallowing, the meal is altogether in the 
stomach. A momentary opening of the pylorus, aecorapanied by cap systole, 
Dceurs thirty seconds after ingestion. If there was an evacuation at this 
point, we missed it. A second opening of the pylorus occurs eighty seconds 
ifter swallowing. This is followed, twenty seconds later, by systole and 
Jvacuation. "Verj- little contents passed the pylorus and, in spite of a systole 
of half a minute duration, the evacuation lasted but a few seconds. Another 
systole two minutes and forty seconds after swallowing resulted in no obvious 
Jvaeuation because the pyloi-us remained closed During the entire eight 
ninutes and thirty seconds of observation, the rhythms of pylorus and cap 
tever established themselves in regular synchronization, and evacuation re- 
uained erratic. The gastric waves were fairly regular throughout the period 
and reached the pylorus at intervals of twenty to twenty-five seconds. 

The rhythms of the pyloric eomplex, so far as we observed them, ap- 
proximated the following on an average. The pyloric rhythm is fairly regu- 
lar, open for thirty seconds and closed for forty. 

The cap rhythm in this study practically synchronizes with the pyloric 
rhythm at the end of four minutes, previous to which the cap rhythm was a 
little more rapid. Consequently it does not result in demonstrated evacua- 
tion. Cap systole lasts twenty seconds and diastole twenty-five to thirty-five 
seconds. The occurrence of extrasystoles reduces the average intervals. 

Evacuation is apparent after four minutes, when cap and pyloric rhythms 
tiecome adjusted. Each evacuation lasts about thirty seconds, and there are 
intervals of forty seconds. Evacuation in this study occurs with cap systole, 
nr when opening of the pylorus causes contents to be pushed through a full 
rap. If both causes operate together, the evacuation is unusually voluminous. 

Examination of pylorus-eap-passage relationships in our third milk study 
(series XV, Fig. 7) -n-as hampered by the presence of a mucous plug until five 
minutes after ingestion. This mucous plug is one of the troublesome phe- 
aomena of nervousness.'^ It occurred in sophomores during the anxiety com- 
plex but was never present in freshmen suffering from the distress or fear 
complex. In subject S. the plug completelj’ blocked the pyloric canal and 
distal vestibule so that the fluid column, though fluctuating, never fell until 
Ihe plug was dislodged when the first evacuation took place and the rhythms 
“f pylorus and cap began to adjust themselves to each other. No gastric peri- 
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staltie waves reached tlie pylorus until this dislodgment oecurred. The aver- 
age interval between gastric waves, apart from this initial period of okroe- 
lion, was thirty-one seconds. 

After the first five minutes the pylorus opened for an average period of 
thirty seconds, with intervals of closure averaging twenty seconds, 

t’ap .systole and diastole both extend over thirty seconds. Usually cap 
systole coincides with a closed pyloru.s, but if the open phase is long or the 
caji very full, an extrasystolc occurs. 

Evacuation lasts thirty seconds and occurs at intervals of thirty seconds. 



Pie- T. — Graph of amllnprs in series XV. mllU-soJa responses. Cons\iIt Table I amt 

ilelnlls of experiment. 

e made an examination of two more milk studies but were entirdf 
baffled in each series by a mucous plug wbieb did not dislodge duiiu? ^ 
entire period of obsciwation, la.sting almost nine minutes in series I ( 
and thirteen in series XII (Pig. 9). In spite of this the level of the fluid colnsj 
in the stomach fell as usual so that pas.sngo of fluid fi'om the vestibule oeeu 
though we did not see it. 

_ In summary, then, our five milk studies teach us that milk is ^ 
satisfactory vehicle for aualy.sis of the pyloric complex. It has no s 
determining influence ujron the sevei’al phenomena Avhich as a resu 
marked interference, probably yrartly of emotional origin. The lesi 
fusion of rlijdbms does yield its explanation to intensive study, 
features are more clearly understood after the far simpler results o i o 
regulators soda and pepprermint have been examined. 

Elimiirating the disereprancies and allowing for interferences o ‘ 
we can safely state that, in the milk pattern, the rhythms of 
evacuation are strictly harmonious, and that the rhythm is basef 
thirty seconds. This means that pylorus is open for thirty %^])owe(i 

for thirty seconds; that the cap undergoes thirty seconds of ^ ggeonds 
by thirty seconds of diastole; and that an evacuation, lasting ^“”^-{11111 h 
is succeeded by a pause of thirty seconds once the ^^^^Rstment 0 
established. Gastric peristalsis is also slower after a milk mea • 
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find it in neutral phase or after soda or peppermint. Consequently milk slows 
all rhythms- and reduces peristaltic vigor, though it does not delay gastric 
elimination. 


EFFECT OP GASTRIC REGULATORS : SODA AND PEPPERMINT 

Although there are differences in response, the gastric activity induced 
by the two regulators, soda and pepporniint, conforms to a single general 
plan.® Usually not more than two Avavcs are present, visible on both curva- 
tures, extraordinarily slow, deep, steady*, regular in rhythm, and so forceful 
that they appear to nip the shadow almost jji two. The stomach shadow in- 
deed often momentarily takes on a trefoil outline. Series XV (see Fig. 7) 
was designed to record the effect of soda in comparison with that of milk. 



Fig. 8.— Graph of AncUnga in series Kv. inllU-peppermint responses Consult Table I and 
text for details of experiment, 

The experimental meal consisted of 4 ounce.s of water, 1 ounce of barium 
sulfate, to which was added 30 grains of sodium bicarbonate. Series XVI 
(see Fig. 8) was designed to record the effect of peppermint in comparison 
^vith that of milk, and the meal consisted of the usual 5 ounces water meal as 
above, witli the addition of 10 minims of spiritus menthae piperitae. The 
most unexpected result of administration of both soda and peppermint was 
the steady maintenance of a patent pylorus. Whereas the pylorus was 
closed when first observed two minutes after swallowing tlie soda meal, it 
opened thirtj’ seconds later and thereafter remained patent. Even at two 
tninutes after the swallowing of the peppermint meal the pylorus was open, 
and througliout the six minutes and thirty seconds of observation it never 

nnce closed. 

The elimination of pyloric rhythm was most valuable in our investigation 
since it left us free to note the relationship of evacuation of cap to the cap 
rhythm, unhampered by the influence of pyloric opening and closure. There 
'vas an evacuation (see Fig. 7) immediately upon the opening of the pylorus 
after two minutes and thirty seconds. The duodenal cap systole, which oc- 
curred at three minutes and ten seconds, produced no registered evacuation, 
but tliereafter, in the presence of a continuously patent pylorus, each cap 
systole was accompanied by a cap evacuation. Systole lasted oh the average 
^U'enfy seconds, and the period of diastole was thirty seconds. 'Evacuation, 
however, occupied only a few seconds. During the first sis minutes after 
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STYalloiriiig the meal, tlie \va%^es of gastric peristalsis reached the pvioiu^ 
about thirty seconds apart, whereas after six minutes tliey followed eatl 
other at intein'als of twenty seconds. In comparison with milk the Ming cf 
the cap does not modif}- its rhythm. Diastole takes thirty seconds in W 
studies. Soda, therefore, does not modify the cap rhythm. Later it will l>e 
shown that peppermint does. 

Another marked feature of the re.sponse to soda was the clarification o! 
peristalsis in the second part of the duodenum. It was one of our aims f? 
inA'estigate the relationship of gastric and duodenal peristalsis, butweneva 
hoped to find so simple and obvious a demonstration of the duodenal waifs. 
They are recorded in Fig. 7 until between six and seven miinite.s after ti 
meat was swallowed. Beyond this point the record becomes indetemiMt 
They are not synchronous with cap .systole or with cap evacuation, and tk 
bear no relationship to the gastric waves which apparently stop attliepdorti 
In our fluoroscopic examinations wc often see duodenal peristalsis, especiall 
after administration of a hntfermilk meal. The passage of barimn sulfate i 
characteristically abora! in direction, but sometimes a regurgitant cokB 
leaps up toward or into the duodenal cap. Somewhat more frequentli tki 
is just an oscillation of barium-containing fluid in the second p.irt. of t • 
duodenum. These little streams of “prancing particles” are very strnn 


during the few seconds of their existence. 

Tlie average frequency of duodenal peristalsis is one wave e^er.y t u. 
live seconds ; it is, therefore, a little .slower than the gastric peristalsis. 

After a peppermint meal (see Pig. 8) the pylorus is 
after soda, and once again cap evacuation follows cap systole. o 
queney of the cap rliythm is hastened by peppermint more than by so 
whereas, after the latter, diastole still lasts thirty seconds as m 
studies, peppermint speeds up diastole so that it now 
twenty seconds. Both soda and peppermint result in a sj'stole » 
seconds’ duration which is probably n little shorter than that of 
111 conclusion of our observations on gastric regulators we R 


out that the evidence gives us the followdng information: 

Both soda and peppermint in therapeutic doses stimulate gask 
so that motility is increased and rendered more forceful. ^ 
increased secretion wdiich, in consequence of the greater 
the barium sulfate and dilutes i-ather than drives before it the ari^ 

This action is, tlierefore, in contrast to that seen after a milk me 

Both soda and peppermint open the pylorus and keep it poll 

direct relation of cap systole and evacuation may be readi y 
have a speeding-np influence upon the cap rhythm, of tt' 

marked after peppermint than after soda. No distinct ® phase ‘■ 
diastolic phase is demonstrated after soda, although the sj 
definitely shortened. After peppermint both systole and reskf' 

ened. Later it will be found that these gastric cap- 

neutral rhythms in frequency of gastric peristalsis 

Both reagents render duodenal peri.stalsis clearly vi. 


again is more effective than soda. 
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Empirical combination of these two for therapeutic purposes is thus given 
its validation upon scientific grounds. 

BUTTERMILK PATTERN 

After administration of a buttermilk meal the fall in fluid level is slower 
than after milk, but previous investigations” have indicated that buttermilk 
induces a more profuse gastric secretion. The vigorous motility brings about 
a thorough mixing of secretion with the gastric contents and so spreads the 
expulsion of barium sulfate over a relatively greater mass of fluid. Actually 
it has been found that barium sulfate is finally eliminated from the stomach 
in about equal time both after milk and after buttermilk. The true interpre- 
tation of these apparently contradictory phenomena is doubtless to be sought 
in the dilution of the barium sulfate suspension by gastric secretion, owing 
to the greater activity* of the stomach after buttermilk. On the other hand, 
following a milk meal, we think the diminished aetimty fails to bring about a 
thorough mixture. The gastric secretion lies on top of the barium vehicle 
and so flushes it through the pylorus with a speed which approximates the 
loss of barium sulfate to that seen after buttermilk. Five minutes after 
administration of a milk meal gastric waves become less frequent, but butter- 
milk waves continue with an unchanged rhythm. 

Pig. 5 shows that buttermilk, like milk, fails to establish synchronism in 
the rhythm of cap and pylorus during the period of observation ending ap- 
proximately nine minutes after the meal. Its action is far less powerful than 
that of the regulators. The pylorus is not held open, though its rhythm is 
slowed down. In the record the average periods of opening and closing each 
last forty-five to fifty seconds. 

The same slowing effect is seen upon the cap rhythm and evacuation, 
though this effect develops a little more slowly than the change in pyloric 
rhythm. Cap diastole in this study averages forty seconds and cap systole 
thirty seconds. With the longer diastolic phase, the cap grows larger than 
after milk before systole occurs. Evacuations lasting about forty seconds 
alternate with pauses of about thirty seconds. The comparatively long period 
of evacuation seems to be due to prolongation of the open phase in the pyloric 
rhythm. Even if cap diastole occurs during this open phase, evacuation is 
not stopped, although it is, of course, diminished. 

Buttermilk renders duodenal peristalsis visible in our fluoroscopic exami- 
nations, but we were not fortunate enough to define its occurrence in this 
particular study. 

In conclu.sion, buttermilk has a stimulating effect upon gastric activity 
both secretory and muscular. It slows and regularizes gastric and duodenal 
rhythms. It has not so powerful an action as the gastric regulators soda and 
peppermint and its effect is different. Pyloric rhythm, which is influenced 
before cap rhythm, is slowed but never eliminated. Cap rhythm and evacua- 
tion are also affected, diastole and evacuation being plainly lengthened. Duo- 
denal peristalsis, though visible on the flnoroscope, is not so clearly delimited 
on the roentgenograms as it is after soda or peppermint. 
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NEUTBAO BEHAMOR 

All iiour after administration of one of onr small standard meals tee b 
often still some barium sulfate in the stomacln but the vehicle is compMj 
mished away. It is not necessary to recapitulate here the evidence mon m 

work discussed in prerioss 

Series XVIII (ace Fig. 6) was designed piirpo.sely to compare the pvkic 
and duodenal behavior after a milk meal with that during the neiitraiite 
I he observations at the experimental session, made an hour after administra- 
tion of contiol milk meal, lasted five minutes ami were sufficient to estahM 
t le differences between the two patterns. The presence of a little bate 
sulfate clinging to the gastric muco.sa delineated for us the beliaviov ofpjionii 
and duodenal cap. Gastric secretion is certninl3’^ contimiiiig, though at a mii- 
imum rate, and there may possibly be a rhythm in this, since our length, mdth 
and area determinations njion the roentgenograms of this series remain w- 
stant while the record of fluid iioight indicates a five-miiiute cycle. The vave 
aie a little more Ireijuent than after milk and reach the pylorus at intenah 
of approximately twenty seconds instead of the twenty-five second interwl 
after milk. 

The jiyloric rhythm, as in all onr studies, is independent of gastric peri- 
stalsis, loss frequent and irregnbu'. The same characiei-istics are disph.rai 
bj the cap rhythm. During the five minute period of observation the 
ihjdhins do not synchroniao and they, therefore, produce a confused evseas- 
tion. Isevertlielc.s.s, careful study of our results indicates that the rJijdh® 
of both pylorus and cajr are essentially in twenty-second phases and that 
evacuation is a result of s.vstolc rather than of an open pylorus. Bvacudi® 
IS necessarily of short duration since the cap does not fill in diastole. P.vIW‘’ 
opening and olosnvc both last approximately twent.v seconds, and this iatcr'^* 
is equally chavaetcristio of cap diastole and cap .systole. 

In summary, the neutral or re.sting phase of the stomach is chaMcteriicd 
by the following features.- Gastric secretion is moderate in amount and p® 
sibly rhythmic in its volume. Waves of peristalsis (hunger contractions) Pl- 
over the stomach and reach the pylorus at intervals of approximate^ F®- 
seconds. Opening and closure of the pylorus each occupies about tweah'-^' 
omls, hut this rhythm, wliieh is somewhat irregular, does not 
the rhythm of gastric peristalsis wdiich is very regular in frequonej. * 
rhythm also alternates between diastole and systole, each lasting about t'*’ 
seconds hut, din-ing the period of observation, does not adjust ifsd ® 
pyloric rhj'tljm. Since the cap does not fill in diastole, evacuation Js o 
duration and small. 

WATER PATTERN 

Series XIX was undertaken to demonstr-ate the influence of a vatc 
and the effect induced by inhalation of amyl nitrite upon this lespou 
previous work undertaken upon the effect . of water, it has been 
\vater modifies the neutral pattern very little, and that its effect 
short cluration.il The profuse seeretion'of gastric juice appears to ms 



PAINTER ET AE. : STUDIES IN THE ALIMENTARY CANAL OF MAN 


595 


from the stomach with extraordinarj- rapidity. We are, therefore, in the 
habit of eommencins our gastrointestinal examinations with a lialf ounce 
“meal” of water, in which -5 Gm. of barium sulfate are shaken up. Tliis u-e 
call an “outliner” inasmucli as some barium sulfate is left clinging to the 
gastric mucosa after the restoration of the neutral pattern, which occurs about 
five minutes after the “outliner” is administered. It was essential that we 
investigate further the p.vloric behavior, for its rhythm was so shortened on 
roentgenoscopie examination that we began to wonder if genuine closure ever 
reall.v took place. Even after a regular small standard meal of 4 ounces of 
ivater with 1 ounce of barium sulfate tiie neutral pattern is restored in about 
ten minutes. Since this does not happen till about twenty minutes after ad- 
ministration of any one of our other standard meals to which reference has 
been made above, the distinction in water effect is ver.v striking. 

In series XIX (Hi, Pig. 10) we administered the standard water meal and 
commenced the serial roentgenography two minutes later. Immediately after 
the thirtieth roentgenogram had been made, namely, seven minutes after swal- 
lowing the meal, a capsule of amyl nitrite was broken in a towel and given to 
Hi who took three deep inhalations after the thirtieth, the thirt.v-first, and 
the thirty-second roentgenograms. Serial roentgenography continued without 
interruption until the expiration of twelve minutes after the meal was swal- 
lowed. At the moment we are concerned with what happened between two 
and seven minutes after administration of the water. 

Pyloric, cap, and evacuation rhythms were irregular until four minutes 
after administration, though waves of gastric peristalsis established them- 
selves, regularlj’ reaching the pylorus after three minutes. "Waves follow each 
other, as in the neutral pattern, every twenty seconds. 

Once the pyloric and cap rhythms are established, namely, four minutes 
after administration of the meal, they synchronize so that systole accompanies 
a closed pylorus and diastole an open pylorns. On the average, the pylorus 
is closed and the cap in systole for twenty seconds, the p.vlorus open and the 
cap in diastole for twenty seconds. This is almost the neutral pattern. Evacu- 
ation is absolutely synchronous ivith systole. The activity of the alimentary 
tract of subject Hi is at all times very vigorous, and it was in this particular 
study that we were able to e.xamine in detail the passage of barium sulfate 
through the duodenum and even into the jejunum. In duodenal peristalsis, 
as in P 3 -lorus and cap, the rhythm is very clear. A wave passes over the 
duodenum every twenty seconds. A further point worthy of note, before we 
examine the duodenal peristalsis more closely, is the very definite s.vnchroni- 
zation of a fall in the fluid height with opening of the pylorus. The ensuing 
rise is probably due to readjustment of stomach walls and secretion of gastric 
juice. If there were any doubt about this relationship between fall in level 
with opening of the pj-lorus, it would be entirely banished by the pause in 
all activities, including fall of fluid height, following the administration of 

amyl.mitrite. 

■ The progress of peristaltic waves along the duodenum is so clear in this 
stiidi’. that we are able to present a complete account of them. They are defl- 
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uiteij initiated by cap systole and ave visible tln-oughout the duodeiam aad 
along the jejunum. If, boivevcr, immediately after its regular eontraetiou 
started by systole of the cap, the second part of the duodenum fills agaialj 
regurgitation from below or gusli from the pylorus or cap, a small extra me 
may start in the second part of the duodenum itself. All waves continaekto 
the jejunum but are naturally more elearl}’^ seen in certain areas, owing to tie 
disposition of the bowel and the consequent arrangement of roentgenograpMe 
shadows. In this subject the waves occur at intervals of eighteen to twenlr 
seconds and appear on the gut about 60 to 80 mm. apart. The extra wave set 
up in the .second part of the duodenum usually lies between two origina&e 
in the cap. 

It is not so simple a matter to portray these features in illustrations, la 
Fig. 1 the cap is in diastole and the peristaltic wave has passed alone tie 
second part of the duodenum. On this roentgenogram contents can he se® 
pouring into the jejunum. In Fig. 2 the cap is in systole and the second pah 
of the duodenum is filling preparatory to the passage of a ware. 

The water pattern, us jnst described, is far more transitory in nature tto 
those of inillv, buttermilk, soda, or peppermint. This is due to the extraordi- 
nary rapidity with which a profuse flow of gastric juice flushes the water frea 
the stomaeb. 

The several rhythms of jiylorus, cap, and evacuation are established loaf 
minutes after swallowing a a ounce standard water meal, although t.Tpi52 
water waves of gastric peristalsis are evident one minute earlier. 
more forceful than neutral waves but. of the same frequency. They 
other to the pylorus at twenty-second intervals. The pyloric, cap, aa 
ation rhythms ave praetically those of the ncuti-al pattern, lumeT) 
seconds, though it may be that opening of the pylorus and cap 
twenty-five rather than twenty seconds. The three rhythms, 
more regular and more closely adjusted to each other than in t e n 
pattern, and evacuation invariably follows cap systole. ^ 

The fall in height of the gastric fluid level synchronizes 
the pylorus and i.s, therefore, more steplike than in our other stu 

Duodenal peristalsis is very clearly seen after a water meal. 
by cap systole and can be followed into the jejunum. Its rhyt m 
based upon that of the cap. It is dependent also upon local tension ^ 
be raised chu'ing cap diastole by a regurgitation from below or . , 

through an imperfectly synchronized pyloric opening, ah pgtweea 1'^'° 
stalsis may originate in the second part itself and progress jj j 

regular waves of cap origin. Thus the rhythm of duodena pee 
little fa.ster than that of the cap. 

EFFECT OP AjUYXi NITRITE ^ 

So prompt and definite is the action of amyl nitrite 
used in our roentgenoscopie examination for demonstration nP® 

experimentally, Dr. Sollmann informs ns he finds it « tfroiiith«a- 
stomach and small intestine, we invariably get a differentia 
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peutic doses used in our student clinic. The effect varies natui-ally with the 
dose. If the student is nervous, he takes a sniff instead of an inhalation. The 
sniff mechanism carries the charged air into the olfactory region of the nose 
only. Little or no amyl nitrite enters the system, and the experiment will be 
a failure. IVe, therefore, find it essential to explain to our students ahead of 
time the difference between a sniff and an inhalation and caution them that 
adequate inhalation is necessary for a successful experiment. With the three 
regular inhalations little or no effect is apparent on the small intestine, though 
all aetiiity of the stomach ceases ivithin ten seconds of the first inhalation and 
lasts between two and three minutes. 

In this particular study the pylorus happened to be open when the first 
inhalation occurred. Gastric peristalsis ceased immediately, and no fui'ther 
wave reached the p 3 ’'lorus until two minutes and twentj' seconds after the first 
inhalation. The effect upon the pjdorus is not quite so marked. There was a 
slight attempt at closure between second and third inhalations but this failed, 
and the next closure of the pjdorus appears exactlj' two minutes after the 
first inhalation. Duodenal cap rhythm is not so strikinglj' affected as the 
pylorus. The systole which was present during the first inhalation gave place 
as usual to a diastole, and this in turn was followed by another systole after 
twenty seconds. This sj’stole was but a minor one, and thereafter the cap 
remained in diastole for one full minute. So feeble, however, were both the 
cap systoles just mentioned that neither resulted in any observed evacuation. 
That they probably did result in the projection of some contents into the 
second part of the duodenum is evident by the occurrence of a lethargic peri- 
staltic wave of unusual character in the second part of the duodenum ninety 
seconds after the 'first inhalation, when the small intestine was evidently re- 
covering from its inhibition. In a previous roentgenoscopic study of this same 
subject, we observed jejunal and ileal peristalsis active throughout the pause 
in gastric activity. 

Quite a striking feature of Fig. 10 is the interruption of fall in fluid height 
level, which is apparent throughout the entire two minutes during which 
gastric and pyloric rhythms were inhibited. 

Amyl nitrite then, therapeutically, has an inhibitory effect upon muscular 
activity, most marked in the stomach but progressively less vigorous on 
pylorus, duodenal cap, duodenum, and small intestine proper. As one would 
expect, the inhibition results in an open pylorus, a cap diastole, and inhibition 
of gastric and duodenal peristalsis. In therapeutic doses we have rarely seen 
any loss of tone in the stomach and never in the small bowel. Elimination of 
gastric contents is stayed during the period of gastric inhibition. The effect 
should last at least two minutes ; we have never seen it prolonged beyond three. 
'When activity starts again, the pyloric, cap, and evacuation rhythms do not 
immediately return in full vigor and speed. These are attained only as the 
elimination of the amyl nitrite proceeds. 

INFLUENCE OP A FOREIGN BODY 

In. the serial roentgenographic study of the response of the stomach to a 
foreign body, we were not directly concerned with the behavior of pylorus and 
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The ballooiij however, stimulates marked gastrie motility. A peristaltic 
waves passes along tiie stomach every twenty seconds. This is, of course, the 
neutral rhythm, but the waves are far more forceful than true neutral peri- 
stalsis. They catch and nip the balloon in their attempt to force it onto and 
through the pylorus. The gastric Avaves do not closely embrace the foreign 
body because there is, apparently', a profuse flow of gastric juice in an effort 
to flush away the balloon. These Avaves arc deeper and more forcible than 
neutral or even Avater AvaA'es. Tliej' illustrate the highly unusual stomach 
behavior pattern induced by a foreign body composed of rubber. 

In conclusion, then, a foreign body introduced into the stomach does not 
alter neutral rhythm but greatly increases the forcefulness of the AvaA'es. The 
contrast betAveen a stationary upper limit of the fluid column in the balloon 
and the sinking IcA'el in the milk control is Avortby of close attention. 

SUMMARY 

1. An analysis is made of the roentgenographie records of six specific sub- 
jects Jind their controls, devised to elucidate the normal responses of pylorus 
and duodenal cap to simple reagents. 

2. The reagents used are milk, buttermilk, soda, peppermint, Avater, amyl 
nitrite, .and a balloon, 

3. Pyloric rhythm seems quite independent of gastric peristalsis but is 
closely coordinated Avith rhythm of the duodenal cap, although precise ad- 
justment is oftentimes lacking. An open pylorus and cap diastole go to- 
gether, and a closed pylorus and cap systole. With an open pylorus, passage 
takes place into the diastolic cap, but a particularly forceful peristaltic Avave 
may force a closed pylorus and expel a little contents into the eap. 

4. EA'aeuation of contents through the duodenum is primarily due to cap 
systole, but fluid can and does pour through the duodenum in diastole of the 
cap, provided the pylorus i.s open. If cap .systole occurs AvJiile the pylorus is 
open, some regurgitation takes place into the stomach and a partial cA'acuation 
along the duodenum replaces the more typical full evacuation. 

5. The second part of the duodenum, like the cap, is sensitive to tension 
and originates a peristaltic AvaA'e itself in the event of regurgitation from 
below or an extra gush from aboA'e. In the latter event, hoAveA’er, the extra- 
systole is more likely to start in the cap. 

6. The neutral or resting phase of the stomach pz’esents a tAA'enty-second 
rhythm in all motor activities. Gastrie and probably duodenal Avaves recur 
at intervals of tAventy seconds. The pylorus closes, the cap systole occurs, 
and the evacuation results, talcing tAventy seconds for their exhibition. Then 
folloAv opening of pylorus, diastole of cap, and pause in eA'acuation, these again 
occupying tAventy seconds. So far as Ave have cA’idence there seems to he a 
fi\'e*ininute rliytlim in the gastrie secretion during the neutral phase. The 
ga.stric peristalsis, elmracteristic of this condition of the stomach, is usually 
defined as hunger contractions. 

7. The effect of milk is to reduce the speed of all rhythms from tAveuty- 
fo thirty-second units or CA'en longer. It also reduces motor actiA'ity so that 
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peristaltic waves are less vigorous or even disappear, to be replaced by a 
“shimmer” described in earlier work.^^ The reduction of activity and m 
rhythmic speed does not result in any delay of elimination. Since the milk 
stimulus is not powerful enough to impose a specific and distinctive pattern 
on gastroduodenal behavior, there is considerable liability to mistiming o! 
rhythms which complicates the behavior pattern and renders its interpretaticn 
difficult, except in the light of our other studies here recorded. 

8. Buttermilk, like milk, slows the rhyllnns of pylorus, cap. and evacni- 
tion. It is, however, far more powerful in action. The phases are now cl 
approximately forty-five seconds’ duration instead of the nenfrai tventy- 
second phase or the milk thirty-second phase. In consequence of the more 
mgorous control there is somewhat Ic.ss malad.iustment of these three rhytte 
than after milk stimulation. Furthermore, buttermilk is a powerfnl stimnlsiit 
to gastric and intestinal peristalsis. The neutral peristaltic rhythm of twenty 
seconds is not changed, but the waves are considerably deepened and strea^l 
ened so that the profuse gastric secretion is thoroughly mixed with the baimn 
sulfate. 

9. ^Vater lias a far more transitory effect than the other reagents & 
cussed. Whereas fifteen to twenty minntes must elapse after 

of a standard 5 ounce meal of milk, buttermilk, soda, or peppemm o ^ 
restoration of neutral rhythm occuivs, ten ininntcs suffices 
water and return to neutral pattern. The profuse gastric secretion 
flushes out the water. The neutral frequency of gastric and pj 
one every twenty seconds, is maintained, hnt the waves are mnc i 
in the neutral stomach. The regular rliythm of these wave.s i.s 
within three minutes after swallowing the meal, hnt pyloric, cap, 
tion rhythms are not re-estahlished until one minute later. When ^ 
these rhythms are indistinguishable from the neutral pattern, 
twenty-second phases, and there is very definite synchronization, 
waves along the duodenum can be very easily studied ‘Vg 
They are originated by a cap systole, though the second pait " pejistalsh 
is also sensitive to tension and may itself originate a wave o 
tween two regular waves proceeding from systole of the cap. 

After a water meal we can record the synchronization of a 
fluid height with opening of the pylorus. simib'''' ® 

10. The gastric regulators, soda and peppermint, my powerM 
action. The waves of gastric peristalsis are extraordinan y yjgoroi!' 
both soda and peppermint. In presence of the latter tlle.^ 

as to give the stomach shadow an evanescent trefoil appeal an^ 

Soda and peppermint both maintain a continuouslj pal® gggtric 
neither interferes with the twenty-second rhviihm of the 
stalsis after the initial period of adjustment which happens ’ b.^ 

of any meal.^^ Cap and duodenal peristaltic twentli 

soda, so that diastole lasts about thirty seconds, systo e pTahont 
duodenal peristaltic waves follow each other at inter 
seconds. 
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Pcppcrmiut acts in most respects like soda, but there is better syucbroni- 
zation of the various rhythms since the neutral pattern is retained. 

11. Our study of tlie gastric response to the stimulus of a balloon is in- 
troduced here solely for the purpose of demonstrating the reliability of our 
roentgenographic records of the falling fluid height in the stomach. With the 
milk meal in the balloon there can be no mixture with gastric secretion and 
no elimination of barium sulfate from the stomach. The fluid height is a re- 
liable indicator of gastric aetivit}'. If elimination exceeds secretion, the fluid 
height falls. If secretion exceeds elimination, the fluid lieight does not rise, 
but the shadow width or length increases and the shadow area becomes greater. 

12. Amyl nitrite in therapeutic doses has a prompt and definite effect upon 
gastroduodenal motility for two to three minutes. Gastric peristalsis ceases 
immediately. The effect is somewhat less marked on pylorie rhythm. Duo- 
denal cap rhythm is also affected, but less than pyloric rhythm. Duodenal 
peristalsis is rendered lethargic or inhibited for a shorter period than cap 
rhythm. Jejunal peristalsis is rarely modified. A therapeutic dose is, there- 
fore, far less powerful than experimental evidence suggests, for then intestinal 
peristalsis is inhibited eqnally with the gastric waves. 

During the inhibitory phase there is no fall in gastric fluid height. Con- 
sequently elimination is stayed, but at the same time gastric tone is not reduced. 

CONCLUSIONS 

1. Serial roentgenograms at ten-second intervals provide a ready method 
of analyzing gastroduodenal behavior patterns. 

2. The typical neutral pattern of the stomach is expressed in a peristalsis 
of both stomach and duodenum wherein the waves follow each other at twenty- 
second intervals. The pylorus opens and closes every twenty seconds, and 
evacuation of gastric secretion recurs with every systole. 

3. The upper level of the fluid column in the stomach is a good guide to 
the activity. It falls if elimination exceeds secretion. If secretion exceeds 
elimination, gastric shadow area is increased through widening or elongation. 

4. Water causes profuse gastric secretion; after the initial disturbance all 
neutral rhythms are quickly re-established, and both gastric and duodenal 
peristaltic waves are deepened. 

5. Peppermint has a similar but far more forceful influence. It, however, 
maintains a patent pylorus. Pyloric rhythm is eliminated for a time. Other 
rhythms remain those of the neutral pattern. 

6. Soda, like peppermint, greatly increases the vigor of gastroduodenal 
peristalsis and maintains an open pylorus. Duodenal diastole tends to be 
lengthened and duodenal peristalsis tends to be slowed. Cap systole and gas- 
tric peristalsis retain their neutral rhythms. 

7. Milk slows down all rhythms and greatly weakens peristalsis in both 
stomach and duodenum. It does not, however, hamper gastric elimination, 
but the retardation of rhythms results in mistiming. 

8. Buttermilk still further slows down the rhythms of pylorus, cap, and 
evacuation, but is a powerful stimulant to gastroduodenal peristalsis. Unlike 
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milk it does not modify the twenlj'-second interval between successive waves. 
It results, like water, in profuse secretion which, however, is less rapidly elimi- 
nated and, in consequence of the powerful stimulation of peristalsis, miies 
thoroughly with the barium sulfate. 

9. Amyl nitrite, in therapeutic doses, has a complete immediate inhibitory 
elfeet upon gastric peristalsis and fall of fluid level. It does not reduce gastric 
tone. It has some, but progi’essively less inhibitory^, . effect upon pyloric 
rhythm, cap rhythm, evacuation rhythm, and duodenal peristalsis. 

It Ik a ])lea.?ure to acknowIcclEC tlic loyal cooperation of the medical students who hm 
lent themselves a.s subjects for thl.s study, ns well n.s those who have worked with us 
the operntlnpr teams. Tlic .success of the work has been duo to the careful planning and carry- 
ing out of the actual studlc.s by Miss Kucnzel, who arranged the c.vperlmcnts and who, rtS 
the aid of her as.sistant.s, carried them out In precise detail. 

The examination and analyshs of all the rcconls and the making of the charts are Ih 
work of Dr. Painter, the original draft of the manuscript and the deductions are the work h 
D r. Todd, and the final preparation of the manuscript for publication is the work o! IK-'i 
Kucnzel. 
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THE MANAGEi\IENT OF DIABETES AS CONTROLLED BY TESTS 
OF ACETONE IN EXPIRED AIR'" 


A. P, Briggs, B.S., jM D., Augusta, Ga. 


I N DIABETES niellitus tliere is a disturbance in carbohydrate metabolism 
characterized by liyperglyeemia and frlyeosuria, and a disturbance of fat 
metabolism characterized by lipemia and ketosis. 

It has been general practice to make tests for acetone bodies in the urine 
for tile purpose of estimating the extent of the ketosis as an aid in diagnosis 
and control of diabetes, but its management has rested primarily on determi- 
nations of glucose in blood and urine My experience of the past few years 
indicates that this order of attention might well be reversed; indeed, it ap- 
pears that diabetes in any stage can be rather well controlled with nothing 
more than a simple clinical test for acetone in expired air. 

Recent studies in the field of “ketolysis vs. antiketogenesis” have tended 
to alter somewhat our view concerning the significance of the acetone bodies, 
Heretofore, we have looked ou the ketosis as an expression of incomplete com- 
bustion of fat which was thought to require for normal combustion a simul- 
taneous vigorous fire of carbohydrate. It now appears that the ketone acids 
may be normal intermediates of fat metabolism and that the presence of ab- 
normally high concentrations of acetone bodies is simply an expression of 
intensified fat metabolism. Such an intensification occurs in a compensatory 
manner Avhenever the metabolism of carbohydrate is retarded. The ketosis of 
diabetes may have, therefore, the same significance as the ketosis of starva- 
tion and other conditions. However, the subject is not yet settled.’ ^ 

Prom either viewpoint tlie ketosis would subside as the combustion of 
carbohydrate is accelerated. There is, therefore, no theoretical disadvantage 
in basing our control on tests which indicate the extent of the ketosis. 

ESTIMATION OF THE KETOSIS 

Analysis of blood from diabetic patients shows all three of the acetone 
bodies (oxybutyric acid, diacetic acid, and acetone) to be present. And while 
the fraction of total acetone bodies represented by acetone vanes consider- 
ably, from 13 per cent to 26 per cent,^ the determination of this fraction may 
be taken as a reliable index of the ketosis. A clinical method for determina- 
tion of blood acetone, more simple than any for blood sugar, has been devised 
by Abels this method should find practical application in the management 
of diabetes. 

7r~^rom the Departments of Biochemistry ana Internal Medicine. University of Georgia 
School of Medicine, Augusta. 

Received for publication, June 12, 1939. 
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Tests for acetone bodies in urine are regarded as more valuable irheu posi- 
tive. The prevailing opinion is that they may be absent in the urine era 
with severe diabetic acidosis f renal block is suggested for the failure oi 
their appearance. That acetone should be present in the blood and absentia 
the urine seems impossible, since acetone diffuses rapidly through vet tissss 
without any regard for the biological activities of tissue cells ; it is not erei 
necessary for acetone to pass the kidneys to get into the bladder urine/ It 
must be remembered that the more sensitive nitroprusside tests for aeete 
are actual! j' less sensitive for acetone than for diacetic acid ; that possiblr 
with slow rates of urine formation all diacetic acid in the glomerular filtrate 
might be resorbed by the renal tubules ; and that acetone escapes rapMlj 
fi’om rvarm urine. 


Since acetone is excreted hy the lungs according to physical lawsof dit- 
fusion^- ® there is provided in expired air a readily accessible material frci 
which the blood acetone can be calculated and the ketosis approximately esti- 


mated. Previous work"’ ® indicates the distribution coefficient of acetone fw 
blood and alveolar air to be between three and four hundred to one; that’ll 
a liter of alveolar air should contain about as much acetone as 3 c-c. of blood 
In the previous report® a few observations indicated this relation to bold ® 
diabetes as well as in normal indi\’iduals, A few additional observations haw 
been made in connection with this study, which indicate that the blood acetone 
may he estimated roughly' from the relation : acetone in blood = 350 (acetoao 
in expired air). In these experiments alveolar air was obtained by auDs 
the patients rebreathe into a rubber balloon; a measured volume was 
di’awn through 5 e.e. of 5 per cent sodium bisulfite solution. 
aliquot of the bisulfite solution was determined as in the method o * f 
Acetone in blood plasma, taken at the time of rebreathing, was a so 
rained h.v the method of Abels. There are two chief errors in this proce 
Avhich tend to cancel: the rubber balloon absorbs some of the 
the volume of air as measured is equivalent to a slightly greatei i o 
alveolar air at body temperature. The ratios of acetone (blood/a leo 
however, fell consistently within the limits of 300 to 400. 

A rapid clinical method for determination of acetone ffi 
should be most useful. For this purpose the sensitive Scott- 
has been employed by Higgins® and others. Turbidities produce 
lar air obtained by' rehreathing into a rubber balloon ordi‘ 

with those produced by known quantities of acetone. I hu^’® 
nary alkaline Nessler's reagent, used hy Abels, to be and’* 

as sensitive to acetone as the Scott-Wilson reagent, it is more s « 


is available in almost any hospital or biochemical laboratory. , gn ex- 

Practically, a very good idea of the ketosis may be pa'tienf 

tremely simple procedui'e. All that is necessary is to have ’ 
peatedly blow through a bent glass drinking tube into about ^ 

reagent, contained in a large size test tube, until the appear gplutio” 

opalescence. Much of the acetone in the breath passes t rou 
without reaction, but the number of blows required to gua 
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chiefly on the concentration of acetone in the breath and the volume of the 
expirations. Witli unconsciousness, as in diabetic coma, the test must be modi- 
fied in a manner to be described presently. 

A normal individual at the end of an ordinary' expiration can foreibl}' 
expel about a liter of supplemental air, which is chiefly alveolar air. If about 
700 c.c. of this supplemental air is expelled repeatedly through the test 
reagent, pausing about thirty seconds between blows for inspection, then a 
white opalescence will be observed, nsuallj’ after the third blow (or the second 
blow of 1000 c.c.), with blood acetone at the normal level of about 0.25 mg. 
per cent. This, then, is the state toward which the diabetic patient should 
strive. A vital capacity spirometer or rubber balloon of known capacity is 
useful in training the patient to give blows of uniform volume. 

MANAGEMENT OF CASES WITH THE AID OP THIS TEST 

Severe Diabetic Acidosis . — If the patient comes in comatose, the diagnosis 
of diabetic acidosis is confirmed with the aid of Nessler^s reagent as follows: 
The test tube is equipped with a double bored stopper, holding inlet and 
outlet tubes of gla.s.s, and these are connected witli short pieces of rubber 
tubing. The free end of the inlet tubing is placed in the patient’s mouth, and 
suction is applied by the operator on the outlet tubing. A few bubbles drawn 
through the reagent at the end of three successive expirations gives an intense 
white cloud in the presence of a severe ketosis. With this test there is no 
possibility of mistaking Iiypoglycemic reactions for diabetic coma. This is a 
point of some importance since tragic mistakes are reported occasionally from 
the best regulated clinics. 

The patient is not eatheterized; it is undesirable to superimpose a urinary 
tract infection, and no necessary additional information is obtained by exami- 
nation of the urine. 

Administration of balanced quantities of insulin and glucose is started at 
once. Usually 50 units of soluble insulin is administered subcutaneously, and 
50 Gm. of glucose, as a 5 or 10 per cent solution in physiologic saline, is ad- 
ministered intravenous^’. 

Progress is indicated by the acetone test wliich is repeated every half 
hour. The injection of insulin and intravenous infusion are repeated every 
hour until clinical improvement is noted, or until the test becomes less intense. 
With improvement the interval between administrations of insulin and in- 
fusion is widened according to the behavior of the individual patient. 

With an estimation of the ketosis we have indirectly a measure of the 
acidosis. Consequently, the determination of plasma bicarbonate becomes 
superfluous. As a matter of fact, the chief importance of this determination 
attaches to the calculation of sodium bicarbonate for replacement; this prac- 
tice has become nearly obsolete with the introduction of sodium lactate, a 
buffer alkali, which can be administered almost indiscriminately. It is the 
practice here to administer Hartman's physiologic lactate solution continu- 
ously under the skin in various states of acidosis. 

As soon as possible the acetone test is obtained by having the patient 
blow through the reagent. It is carried out frequently and, as long as an 
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intense cloud is obtained ivitli the iirsl bloir, soluble insulin • kianeed k 
glucose IS administered at the rate of 20 or 30 or more units every six kaii. 

As the patient recovers from coma and is able to take nourishment kh 
ordinarily placed on a calculated diet. The formula being usd nt pmed 
consists of a gram per kilogram each of protein and fat, and 3 Gm, perkg.o[ 
carbohydrate; lliis provides 2a calories jier kg. The tost for acetone is dos? 
night and morning. 3 he use of soluble insulin is continued until the require- 
ments become stationary j the ijiiantity administered being sufficient so Hat 
no more than an opalescence appear-s in the acetone test after the first bloir. 



Chart 1.* — Obsorvntfons witli severe diabetic acidosis. 


A switch to insoluble (protamine) insulin is tlieu undertaken. fhBl” 
tice here is to start out with about 60 per cent of the soluble insulin reqi 
ments administered in one injection before breakfast. This change is I'sn 
accompanied by a moderate increase in ketosis. A daily increase of 5 
units in the quantity of the injection is allowed until the test foi _ 
normal (negative to two, and positive to three bloxvs of about /OO c.c. o 
piemen tal air). 

Patients who have been well regulated may develop acidosis 
infections or break in routine. In such instances protamine insulin, 
to maintenance requirements, may be administered each morning, nne 
out the day supplementary soluble insulin, balanced by glucose m 
quantities to control the ketosis. Observation.s made on such a case a 
in Chart 1, 

Tills patient, W. J., a negro male, aged 15 years, was admitted 
stuporous condition caused by yuletide excesses, and with the on.set of an „t,;erTii- 

Tlie test for acetone proved tlie presence of a sovero keto.sis. He hati been a 
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tion for some time Jind was known to require about CO units of protamine insulin daily; 
this was administered each morning and supplemented by soluble insulin, as indicated in 
Chart I. The increase of supplementary soluble insulin fjom 120 to 210 units on the second 
day was associated with a rise in temperature and development of delirium. He was able 
to -take fruit juices on being aroused during the first two days and a liquid or soft diet 
of protein 45 Gin., fat 45 Gm., and carbohydrate 135 Gm. thereafter. On the first day he 
had 2,000 c.c. of 5 per cent glucose intravenously, and on the second day 3,000 c.c., as sup- 
plementary carbohydiato to balance insulin. 

Chief interest centered on the expirations required to give the clinical test for acetone 
in relation to chemical analysis of blood and urine. During the first two days the test was 
obtained by suction of small quantitie.s of expired air through the Hessler's reagent. At 
first a few bubbles gave a heavy cloud. This is consistent with the liigh blood acetone of 
11 mg. per cent, and blood sugar of 400. The test from similar small quantities of ex- 
pired air faded considerably during the next tuo days, again consistent with blood analysis. 
The patient was able to blow on the third day, nn«l one expiration gave a rather heavy cloud ; 
the next day, with blood acetone at 2.0 nig. per cent, a light cloud was obtained with one 
expiration. During the next week, as soluble insulin was gradually withdrawn, the blood 
acetone remained in the vicinity of 1 or 2 mg. per cent, and an opalescence was obtained 
from two or one expirations. The patient left tlie hospital against advice, and five days 
later returned to the clinic. At this time the test for acetone Required three blows of 
about COO C.C., and the urine was free of sugar. Analysis of blood (taken four hours after 
breakfast and 00 units of insulin) gave normal lalues for sugar and acetone. 

Since the amount of expired air required lo give the test for acetone bears 
a definite reciprocal relation to tlie hypergl^’cemia, glycosuria, and blood 
acetone, it would appear that the information gained from chemical analysis 
of blood and mune is not indispensable. 

Where the control is based on levels of blood sugar, a complication arises 
B'ith the administration of glucose. With the foregoing scheme outlined there 
is no such concern, and the use of balanced doses of insulin and glucose 
ob\'iates the danger of hypoglycemia. 

Some criticism of this scheme is to be expected from those who feel that 
glucose is a “poison to the diabetic patient The use of balanced glucose 
and insulin is, nevertheless, well supported by clinical and experimental evi- 
dence. Elevation of the level of blood sugar without insulin tends to reduce 
the ketosis, and apparently tends to increase carbohydrate utilization;^- 
that is, it tends to correct the diabetic error. In practice, glucose infusions 
have given good results in diabetic acidosis. I have seen nothing but 
good results with this scheme; it has been followed on all of our staff patients 
having diabetic acidosis during the past two j’ears. 

Control of Chronic Coses . — Previously untreated patients, who continue to 
exhibit a ketosis with dietary restriction, must be treated with insulin. It seems 
best to start with a small dose of protamine insulin, 5 to 20 units, depending on 
^he intensity of the cloud produced by blowing through the Nessler's reagent; 
and then to increase the dose a few units every few days until the test for 
‘'icetoiie in expired air is normal. Observations made on a ease treated in this 
^uanner are shown in Chart 2. 

Tliia patient, Mr.s. K. W., an elclcily white female, came to the clinic because of sliort- 

of breath. She was discovered to have diabetes, and signs of pellagra and heart disease. 
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She was admitted to the hospital and placed on a diet of protein 45 Gm., fat 45 Gni. ad 
carbohydrate 135 Gm. A''arious observations made during the following three weeks m 
shown in Chart 2. 

Again one sees the reciprocal relation between expired air required for 
the acetone test and level of blood acetone. Again the curves for blood acetone 
and fasting blood sugar are roughly parallel. These points are important 
because they mean that a patient brought under control by tests for acetone 
in his breath will be aglyeosurie and have a nearly normal fasting Hood 
sugar; features which are generally accepted for the properly controlled 
diabetic patient. Several other patients have been studied similarly. Akars 
the curves of blood acetone and the fasting blood sugar have been rougHj 
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Chart 2. — Observations made during control of a previously untreated pat' 


parallel and reduced to normal simultaneously, and always the 
required to give the test have oscillated about a curve bearing a reej^r^^^ 
relation to the curve for blood acetone. These oscillations suggest the^a 
bhity of refining the test, wdiich could be done by placing the 
tion in an aeration tube connected up with a gas meter oi .jnd fast- 
spirometer. But the facts are the observed curves for blood 
ing blood sugar have resulted from the use of the clinical test, jg 

for control. The daily test, with occasional measurement of supp 
volume, gives the trend of change in blood acetone. jt 

There has been no difficulty in getting patients to eairy in a 

home. They soon learn to empty their lungs after a normal nact 

fairly uniform manner; this is a factor which must be detenmn 
individual. They are supplied with a small quantity of Nessle^ 
a bottle labeled “poison.'' They are cautioned against jjjgy slioaW 

into their mouth, and are also told to use vinegar as an awwffinot 
happen to do so. The blowing tube id bent so that spiaj w 
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oto the face. A sediment forms in the Nessler's reagent, but the small quan- 
ity necessary for the test may be easily' poured off from the clear supernatant 
luid. 

Patients have been told to make the test in the morning before breakfast 
nd to return periodically with a report of the blows required for the test, 
i’he time of day* at which the test is made, however, is not veiy important for 
he reason that blood acetone does not fluctuate during tlie day as much as 
)lood sugar. For this reason, the patient may be quickly' cheeked in the oflSce. 
Phey should be checked, moreover, to determine the volume of their expira- 
ions as well as the number required to give the test. Tlie number of blows 
iquivalent to about 2,000 c.c. of supplemental air is taken as the standard for 
lormality'. 

The information obtained from clinic patients tends to bear out the con- 
fusion drawn from studies in the hospital: the patient who habitually re- 
quires two to four long blows to give tbe acetone test is under very good 
iontroh 

SUJfMARY 

1. From the standpoint of rationale the control of diabetes may be based 
)n estimations of the ketosis, as well as of the sugar in blood and urine. 

2. A simple clinical test is described for the rapid estimation of ketosis. 

3. Observations are presented illustrating the changes in blood chemistry 
issociated with control of patients based on the clinical test. 
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TO THEIR. NICOTINE CONTENT* 

II- B. Haag, JI.D., B-icrutoxo, Va. 

^ I'-ere iproxinnuelv " «>l»ti()ns of cigarette s»fe 

-J-ite rniJe lira lu^V ""r '•'' -^^-peritonealinieetioa 

JJresejit .stiidr ivas inido f solulum of equal nicotine content. Tt; 

-11 as thatVonc^::;;:;:^::^^^^ 

cigarette smoke solutions “•‘-oBae m certain physiologic aetioisof 

tion over pJivskiw”*'^ soliitioiis mere prepared by gravity coto- 

perimental sinoi-in'''^ sodium ehloriclc, using tlie tecliiiiqiiecffi- 

were fiVtltl vvilre 1 1 "" r' The sointio. 

cally.''* ^ their nicotine contents were standardized chemi- 

acetate in saliim*^ ^^ol^Bons used ior comparison were made with nicotine 
used, its soluti • l^acause in the coiieentrsfion' 

tration as the'^'v"! approximately the same li.vdrogen-ion eoneen- 
in vvliieli rtm smoke solution and because it is probably the fof® 

OT , ' '“'S''.'- 

Bloor! Pc/..... Siiioh-c Solulioiis f7ii(? Snhilwiis of Nicoliitc 

i>‘ooa 1 rc.ssiirc of ihf' t . ^ . .a 

solutions of ■ ’ Bi comparing the effects of smoke soIiifioJi?*'-* 

aespects tli acetate on the blood pressure, we followed in wss) 

Leeuwen n A’l •‘^^’ggestions of Moore and Row,^ Ratiier,-’ and van 

recorded wiV'^ similar .studies. Carotid blood pressure 

'50 mo* ne • 1 *^ manometer in adult dog.s anesthetized with dial' 

per Ifo-'^T+i-nl- "’®i"lB, intraperitoneally) and to which 0.75 ».;• 

neees.^arv qe ‘Be had been given intravenously. This atropiuizatio"'' 

the introvpuA^^ ® Pievent the initial vagal stimulation which usually 

the Wood nr _^^^’^’”istration of nicotine and which leads to a distortion'® 

mere then curve. Small (0.01 mg. per kg.) initial injections of 

pressure ann s<^”sitivity of the animal. When the ho 

femoral solution to be tested was injected into ' 

remoial v’-em at a dpfiii,-+„ . . .. r cent dihihon o' 


fpmnrai Trp vl , ttie solutioji to be tested was 1 

S £ IT “ ">« «» 0.050 c,c. Of . 0.1 per . , 

V0I.J ..e ] ■ TT'^ ' npiectious were repeated at exact),' five-minatt ' 

,0 It I"-®**''™ I'PO reached a cooetaat i.r .1 

, . . a ranges iii sensitivity (nsnally a decrease), the folloirinfst r 
the solutions was usually adopted in making comparisons: ^ 

ucts. through the courtesy of Air. R. C. Alautner, of the Ciba Piiarmd«'n'C.oI to 
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tiou “A”' — solution — “A” — “B” — “A.” Statistical evaluation could 

tlien be made by averaging the individual responses. To prevent the dimin- 
ished sensitivity incident to the administration of large doses, such doses of 
nicotine were selected so as to produce a rise in blood pressure onlj*^ sufficiently 
■large to permit satisfactory measurement. By observing these precautions, 
it was found that differences in nicotine content of 25 per cent were, as a rule, 
readily detectable in any one animal prepai-ation (Fig. 1). Frequentlj’ the 



PIff. 1. — Three experiments showing the comparative effect on blood pressure of nicotine 
cetate m doses differing by 25 per cent, administered Intravenously to dogs anesthetized with 
^1.. Doses employed in top tracing = 0.026 mg. and 0 0325 mg. X kg. : doses In lower two 
racings = 0.04 mg. and 0.05 mg. Time six seconds. 

lifference iu tlie blood pressure rise ivas proportionately greater than the dif- 
erence in nicotine dosage. Table I lists tlie results obtained in several experi- 
nents iu ■n-hicb the effects of a smoke solution and a solution of nicotine acetate 
vere compared. The similarity in blood pressure response to the smoke solu- 
;iou and to the solution of a nicotine salt of similar nicotine concentration was 
striking (Pig. 2), and indicates that the effect of the smoke solution was at- 
sributable to its nicotine content, as van Leeuwen," and Schlossmann and 
schlesinger,’ among otliers, had found. 
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Table 1 


Effect or Cigarette Smoke SoiitraiON and a Soltition of Nicotine Acetate ox Bi®) 

Pressure of Poo 


EXPERIMENT 

NUXtBER 

1 

DOSE NICOTINE 
(MG./KG.) 


BLOOD PRESSURE RISE 
(MM. Hg) 


1 SMOKE SOEUTION | 

1 NICOTINE ACET.UE £0tra\ 

INDIVIDUAL 

INJECTIONS 

AVEILVGE 

INDIVIDUAL : 
INJECTIONS : 

■iTEUtt 

1 

0.02 

24 I 


24 




H ! 

20 

1 

22 



0.04 

40 


22 




.38 1 


60 
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1 

5S ’ 
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0.04 



52 




52 


52 
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1 ~ 

50 
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4 i 

0.04 

1 52 






! 4S 

[ 50 

1 52 



Intravenous Toxicity of a Cigarette S7noli'C Solution and a SrfuS'O''* 
Nicotmc Acetate for the J?ahhit, — Since the mechanism by xvhich nicotines® 
death is respiratory rather than circulatory, the toxicities of 
cigax'ette smoke and of the nicotine acetate solution used were 
intravenous injection into rabbits, llie smoke and nicotine acetate so ^ 
used were prepared so as to contain 2 mg. nicotine per cubic centime en 
injections were made into the marginal ear vein of adult rabbits a ^ 
of 0.2 c.c. per second.^ The animals were of mixed sexes, Jjp 

Chart 1 illustrates the mdfspo 


c.c. per second.^ 
had an average rreight of about 1,600 Cm. 


iisst 


cured. The sjnnptoms of poisoning from both types of T fef 

cal. From these data it is evident that by intravenous 
rabbits the toxicity of the smoke solution in terms of nicotine wa 
as that of the control solution of nicotine acetate. fuddly < 

Effects of I}-rita 7 tis and Epinephrine on the IntrapeT'ito^ica 
N'icoUne .- — The afore-meutioned results show that by sold’'' 

tion the blood pressure response to, and the toxicity of, t le sm^ 
appeared to depend entirely on its nicotine content. This ciUb 
ence in toxicity previously noted^ between smoke ® 

acetate .solution on, mice by intraperitoneal injection, mig ' jjj 

due to difference in rate of absorption. It has been tian s>>“ 

cated elsewhere®- that smoke solutions are much more 
lar concentrations of pure nicotine salts. With these solub®*/ 


following experiments Avere performed. In the first t®® > 
nicotine acetate of the same concent 
concentration (pH 5) were prepared. 


;-st rest-, — - 

tl and bydrai 

nicotine acetate of the same concentration (0.1 per ecu ) 

One was made with a bnti 


.gen-i'* 


’WDien fatalities occurred, they resulted usually wim n 
animats in this and subsequent toxicity experiments u-ere kbp 
days. 

t0.025 normal acetic acid. 

0.025 normal sodium acetata 
0.025 per cent Benzoic acid. 
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in a concentration wiiicli had been found in this Jaboratorj-® to have a local 
irritating effect comparable to that of the cigarette smoke solution The 
toxieities of these tivo solutions ivere determined on white female mice (±20 
Gm. body weight) by intraperitonea! injection. This experiment (Table II, 
Experiment 1) gave indications that the presence of an irritant could incvease 
the toxicity of nicotine. 

Table 11 

Effect of Iranr.ixrs and Epinephrine on Toximrv of Xicotine Acn'- ' i c 


(Wlxite mice — ^10 mg. per kg. intraperiloneally) 


EXPEE, 

NO. 

pnE2*AmvTI0N 

KO. MICE 
INJECTED 

NO. illCE ; 
SURVI\'E0 i 

j Nil. ' t- , 

rrn cl.vT 

P.\TALJfT 


Nicotine acetate in acid 
buffer 

27 

13 

' ' 

•J 


Nicotine acetate 

27 

17 

1" 

37 

B 

i Nicotine acetate in 0.05U JU 
formaldekydo 

46 

17 i 

1 ' ' Vil '1 

•>S 


Nicotine acetate 

46 

26 


40 

3 

Nicotine acetate in 1:24,000 
epinephrine 

66 ; 

51 

! n 

23 

42 


Nicotine acetate i 

66 1 

1 

1 -js 


In a second experiment two additional solutions of nicotine acetate, as 
described above, were made, except that to one enough formaldehyde was 
added to make a O.Oofi molar solution. This eonccutration of formaldehyde 
was selected beonuse it had been found to produce about the .same degree of 
irritation as the buffer solution.*^ These solutions were injected into mice as 
previously stated. The results (Table 11, Experiment 2) demonstrate that the 
nicotine solution containing the formaldehyde was appreciably more toxic 
than the one without it. Incidentally, the control injection of ten times this 
dose of formaldehyde produced no effect, other than a temporary impairment 
of respiration due to the tremendous distention of the abdomen from the large 
volume of fluid. From these data we postulated that the local irritation, with 
consequent vasodilation of the abdominal vessels, lead to an increase in the 
rate of nicotine absorption, and hence to an increase in toxicity of these irri- 
tating solutions. The fact that the solution of nicotine containing a buffered 
acid irritant was no more effective, might be explained on the basis that its 
.potential acidity was relatively so high that it maintained its acidity longer 
in the peritonea! cavity than did the plain acetate solution. In unpublished 
data'* from this laboratory it has been recorded that nicotine is mneh less 
readily absorbed by mucous membranes (vagina) from an acid medium than 
• from a neutral or alkaline one. Tiierefore, becanse of the aejd memum, the 
vasodilation due to the irritating properties of this buffered acid was less 
effective in expediting absorption than a nonelectrolyte irritant, such as for- 

,>naldeliyde. 


If the presence of an irritant facilitates the absorption of nicotine acetate 
■ from the peritoneal cavity by causing Vasodilation, then an agent producing 
.vasoconstriction should have a reverse effect. To test this two more nicotine 
< acetate solutions were prepared, one with plain saline and one with 1:24.000 
aa’ation of epinephrine in saline, and their tox.cit.es were compared. The 
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results shown in Table II (Experiments) substantiate the assumption previoEily 
made: the solution of nicotine acetate in epinephrine was definitely less toxie 
than the one without it. Control experiments, in which ten mice were given 
ten times as much epinephrine as had been given with the nicotine, gave 
negative results. There is no reason to believe that systemically there is any 
antagonism between the action of nicotine and epinephrine which might as- 
count for a diminution in nicotine toxieit.v. 

100 % 
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* NICOTINE ACETATE 

SOLUTION ^ . 
^CIGARETTE SMOKE 

SOLUTION 

0 'NUMBER OF ANIMALS 

injected with 
that dose 


5 6 7 

DOSE (MG.XKG.) IN TERMS 
OF NICOTINE 

nicotine acetate .and as ^ 


Chart 1.— Showing lUentic.al toxicity °i_.P*^°^^ljp"^j.®°n'travenoiirinlectlon. 


cigarette .sinokc for 


It seems fair to conclnde from these experiments that t 


at the discrepancf 


jll seems iiur to conuiiiue tioju meov, ^ Vrititte 

toxicity between smoke solutions and control solutions o 

mice byr intraperitoneal injection is due to quicker absoip ^jon 

from the smoke solution, and that this increased speed o yjadin?* 

explained by a local vasodilation provoked by irritation. (jiat 

first glance appear to be contradictory to those of Le absorh^'^ 

on human beings the nicotine from smoke wms less lea is le^ 

volatilized pure nicotine. Cognizance of our findings mie/'' 8'' 

rapidly absorbed from an acid medium than from an a^ gjj 5 ,veri 

recollection that nicotine in smoke is usually eonibinec 

this seeming point of difference. ,, 

- Cmrette S>no ^ 


Belatwmhip Behvccn the Physiologic Effects of L(m‘" thek’'®' 


and Their Nicotine Content, — A. Blood Pressure 


Studies. From 


blocd 


one might conclude that smoke solutions owe 


their toxicity 




pressure 


to the nicotine whieh they contain. Lee on 


Leeuff^® 
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'iuislied between tlie nicotine content of smoke from sevcml types of tobacco, 
using as the quantitative criterion the extent of the blood pressure rise pro- 
voked in the anestiietized or decapitated cat by tJie intravenous adniiiiistration 
of the smoke solutions. In tlie blood pressure studies described earlier, it 
'was possible, as stated previously, to discriminate between nicotine solutions 
' differing in nicotine eoucentration bj* 25 per cent, and sometimes even less 
(see Fig. 1), Hence experiments were performed with the intent of deter- 
mining whether it was possible by such a biological method to differentiate 
between smoke solutions made from cigarettes of different nicotine contents. 



Pig, 2. — Two experiments showing the slmllanty In blood pressure response to nicotine 
etate (O.i per cent) and a smoke solution of the same nicotine content administered intra- 
Dowly in equal volumes (0.03-0.04 cc. X kp*) doSs anesthetized with dial. Time six 


ig- 3 illustrates the results obtained in two typical experiments. Table HI 
its the actual values obtained in a series of such observations made with 
aoke solutions prepared from two current brands of cigarettes of different 
cotine content. 

B. Toxicity Studies. Equally, if not more, striking were the results ob- 
when these solutions were tested for their toxicity on female mice (± 20 
body weight) by intraperitoneal injection. The original smoke solutions 
ere made so as to contain an estimated 0.8 mg. nicotine per cubic centimeter, 
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Table III 


Comparative Effect of Smoke Soeetions From Cigarettes of Diffeeekt Nicoxke Comxi 

ON Blood Pressl're of Bog 


EXPERIMENT 

NUMBER 

DOSE 

(C.C./ KG.) 

BLOOD PRESSURE RISE 
(MM. Hg) 

1 CIGARETTE A | 

! CIGARETTE E 

INDIVIBUAIj 

INJECTIONS 

AVERAGE 

INDIVIDUAL 

INJECTIONS 

ATR® 

1 

o.o:; 

42 


74 




46 

44 

64 




■ ■ 


60 

66 

o 

0.05 

20 ! 






26 1 

26 

46 

46 


0.07 

44 ' 






46 


56 




38 

43 

56 







56 

3 

0.07 

50 


92 




42 1 


68 




36 

43 

62 

n 





66 


Table IV 

Toxicity of Solltions of Cigarette Smoke 


CIGARETTE 

A 

li 

Nicotine from 40 cigarettes, 

108 

137 

nig. 



Original dilution, c.c. 

135 

171 

Nicotine, mg. per c.c. 

0.803 

0.807 

Second dilution 

83/100 

89/100 

Mortality, second dilution, 

22/30 

16/20 

0.010 e.c./Um. mouse 

Third dilution 

75/100 

80/100 

Mortality, third dilution, 

0/40 

10/40 

u.Oio c.o./Um. mouse 


Bilution for B.B. 50 per 

169 

209 

cent (interpolated), c.c., 
0.015 c.c./Gm. mouse 



Toxicity of cigarette 

101 

125 

Nicotine of cigarette smoke 

9S.5 

125.5 

L. D. uO per cent of nico- 

9.0 

9.9 

tme, mg./kg. 



Bto. 1/30, male mice (1) 

8.5 



120 

150 

0.807 

SC/100 

17/20 

SO/100 

18/40 

185 


111 

110.0 

9.8 


110 

137 

0.803 

90/100 

12/20 

80/100 

19/40 

167 


f'lOO” 

<'100” 

9.9 


XICOTBI 

aoewh 

100 

0.56i 

100 / 10 ) 

m 


IS/IO 


11.11 

ll.»i 


; arc desisU' 


lated 


■‘o# 


based on previous analyses of the smoke. These solutions 
nal dilution” in Table IV. The “second dilution” was ^ j per 


r diluti"? 

fit'- 


All JLCIUIC ±\ . XJIU BAOItC.C. P 

the original dilution until, when injected in the amount o 
of mouse, there resulted fatalities in more than 50 p6i_ solid'®'* *' 1 *!'^^. 
Similarly, a “third dilution” was prepared from the . cent 

when injected in the same amounts, resulted in less than P t® 
The volume in udiieh the smoke of forty cigarettes shou c caioBO- 

a solution producing 50 per cent mortality xvhen iujee e (10(61®'®''^ 

was then calculated by interpolation from the two points a ^ diemi®®"-’’ 
The nicotine content of the original solutions ivas exp*'®'"' 

the median lethal dose (L. D. 50 per cent) of each icn 
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.milligrams nicotine per kilogram mouse. The “toxicity^’ of a brand is the 
ratio of the L. D. 50 per cent dilution of that brand to the L. D. 50 per cent 
: dilution of one cigarette arbitrarily set at 100. A total of over 700 mice was 
used for this experiment. Table lY shows the results obtained with the sev- 
:eral brands and also with the control solution of nicotine acetate. This ex- 
periment demonstrated that the toxieities of smoke solutions prepared from 
'Various brands of cigarettes varied directly with their nicotine content. It 
also demonstrated again that cigarette smoke solutions on intraperitoneal in- 
j’ection into mice are definitely (20 to 25 per cent) more toxic than their nicotine 






Pig. 3. — Two experiments showing^ the difference in blood pressure response to the intra- 
'cnous Injection Into dogs anesthetized with dial of 5 smoke solutions, each prepared from 
^garettes (A. B. E) of different nicotine content. Doses employed top tracing. 0.01 c.c. 
X kg. ; bottom tracing. 0.03 c.c. X kg. Time six seconds. One cubic centimeter smoke solution 
equivalent to 0.37 cigarette of each brand. 


.j content would indicate, as judged from values obtained with pure nicotine 
■acetate solutions. Fi’om the experiments on the addition of irritants to 
/■nicotine solutions, it would seem that the solution of smoke of greatest con- 
' centration should show a lower L. D 50 per cent for nicotine than the more 
/dilute solution of the same nicotine content. Since, from Table lY, the L. D. 
,'50 per cent for nicotine is the same for all brands, one may surmise that the 
''irritants are approximately proportional to the nicotine content. It is inter- 
^jesting to note that the L. D. 50 per cent value for nicotine acetate is in agree- 
. < aient with that reported hy us several years ago' for male mice. 



618 


THE JOUUNAl. OP EABORATOKY AND CLINICAL JIEDICINE 


SUMMARY AND CONCLUSIONS 

intravenous administration, cigarette smoke solutions produced fe 
same effect on the blood pressure of the anesthetized dog and had the saiee 
acute toxicity for rabbits as a control solution of nicotine acetate of similar 
nicotine content. 

By intraperitoneal administration into white mice, smoke solutions ap- 
pear to be more toxic than solutions of nicotine acetate of equal nicotine » 
centration. This difference is accounted for by the more prompt absorptioa 
of the nicotine from the smoke solutions due to tlie presence of irritant' 
•which, probably by eau.sing vasodilation, increase the speed of nicotine air- 
sorption. 

Employing the blood pres.sin‘e response as a biological test, it was tail 
that the differences in nicotine content in several brands of cigarettes couMh 
correlated with the effects of solutions prepared from their smoke. Likewk- 
the toxicity of these smoke solutions by intraperitoneal injection into nafe 
was proportional to their nicotine content. 

It is eonelnded that the actions of cigarette smoke solutions, as rejar 
their aente toxicities and their effects on blood pressure by intravenous injef 
tiou, are due to their nicotine content. 


P. 

10 . 

11 . 
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THE EFFECT OF SUBCUTANEOUS INJECTIONS OF CRYSTALLINE 
INSULIN ON THE BLOOD SUGAR OP PASTING RABBITS* 


JIelville Sahyun, Ph.D., Detroit, Mich. 


C-'^HYUN and Blatlienrick' were first to demonstrate the difference in the 

duration of action of insulin on the blood sugar of rabbits following the 
various modes of its parenteral administration. Thus it was shown that insulin 
subciitaiieoiisly injected has a more prolonged effect than insulin injected in- 
travenously or intraperitoncally. Hence it was considered desirable to investi- 
gate whether or not the rate of absorption and the duration of insulin action 
on the blood sugar of rabbits would be influenced by different modes of sub- 
cutaneous injections. Three different subcntaneoiis routes were studied: (1) 
aitbepidermal, (2) subdernial, and (3) intradeimial. 

AVhile considerable work has been done on the prolongation of insulin 
action, little attention has been given to the acceleration of its hypoglycemic 
effect. Tiiis is important, particularly in eases of diabetic acidosis and coma, 
where an immediate lowering of blood sugar is highly desirable. In this con- 
nection data is presented to siiow that the acidity of a solution of insulin has 
considerable influence on the rate of its absorption. 

This study deals with an investigation on: (1) tlie effect of different modes 
of subcutaneous injections of insulin on the blood sugar of rabbits, and (2) the 
acceleration of insulin action by changing the acidity of its solution. 

The solution of crystalline insulin used in tiiis investigation was prepared 
from di-y insulin crj'stals which had been assayed at 22 international units per 
1 mg. Sahyun ’s method^ for blood sugar determination was employed. 

EXPERIMENTAI, 

(1) Effect of Different Modes of Subcutatieotis Injections of Insulin on the 
Blood Sugar of Rabbits . — In this series of e.\pcriments, a solution of crystalline 
insulin containing 40 units per 1 c.c. was used. Three different modes of sub- 
cutaneous injections of insulin were .studied on rabbits that had fasted for 
twenty-four hours. (1) Subepidcnnal. This procedure consisted in shaving 
a small area of the rabbit’s ear, inserting the needle diagonally, and injecting 
the insulin so as to form a small lump under the epidci-mis. (2) Subdcnnal. 
This is the most commonly used procedure of subcutaneous administration of 
insulin. It consists in giving the desired amount by inserting the needle below 
the dermis and into the fascia. (3) Intradennal. This consists in selecting a 
suitabl e area on the back of the rabbit, removing the fur by cutting it close 

•From the Biochemical Bescarch Laboratorj*. Fietloiick Stearns and Co. Detroit. 
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to the sldii, inserting tJie needle diagonally into the dermis to a depth of about 
1 mm., and slowly injecting the insulin. 

Tlie effect of insulin given by each of the subcutaneous modes was stiidifd 
on 24 rabbits. Each rabbit I’cccived a 1 otal of 2 units of a 40 units per 1 c.c, 
concentration. Samples of blood for sugar determination were withdrawn at 
0, 1.5, 3, 5, and 7 hours, re-spcctively. The results of tliese e.xperiments are 
summarized in Fig. 1. 




« r. ^ effect of subdorma! administration of solutions of crystallin - jjrsi 

2.9 and at pH 7.0 on the blood sugar of fasting rabbits. The blood sugar 
hour, to the end of the sixth hour were almost identical and were, therefore, oin • ' 

line insulin pH 2.9 ; JS, crystalline insulin pH 7-0, 

(2) Acceleration of Insnlin Action hy Changing the Acidity of 
tton . — A solution of crystalline insulin containing 40 units per 1 c.c. 
pared from dry insulin crystals. The acidity of the solution was adjus 
dilute hydrochloric acid to pH 2.9. From this solution tw’o dilutions "O’ 


pared: (A) 20 units per 1 c.c. dilution was made in the usual ()ic 

acidity kept at pH 2.9, and (B) 20 units per 1 c.c. dilution was prepaic 
addition of an isotonic phosphate buffer so that the final acidity 
The isotonic phosphate buffer was prepared as follows: lS-9 ® (lie 
hydrogen phosjfiiate w'ere di.ssolved in about 200 c.c. of distilled 
acidity adjusted to ])H 7.3, and the volume brought to exactly 1 
check of the pH of the final 20 units per 1 c.c. dilution was made a tei^ ^ 
equal amounts of the buffer and the solution containing 40 units per 
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After the withdrawal of tlie initial samples of blood for sugar determiiia- 
lioa, one-iialf the number of rabbits were siilidermally injected ivitli 1 unit per 
kg. body weight of preparation A (pll 2.9) and the other half with 1 unit jicr 
kg. body weiglit of preparation B (i)H 7.0). Subsetiuent samples of blood were 
withdrawn at ten, twenty, thirty, and fort.v-five minutes, and one, two, three, 
four, five, and si.\- hour.s, respectively The folloiving- week the e.vperiment wa.s 
repeated and the animals that had received preparation A received preparation B 
and vice versa. Each preparation was tested on 24 rabibts that had fasted for 
twentj'-four hour.s. The results of this experiment ai’c recorded in Pig. 2. 

DISCU.SSION 

The data presented in Fig. 1 clearly demonstrate the wide variation in the 
duration of insulin action following its administration by the different sub- 
cutaneous routes described, viz., intradermal. siibdermal. and snbepidermal. 

For all intents and purposes the duration of liypoglyccmia caused b.v the 
injection of insulin may be divided into three periods : 

(1) Period of Aetiviiy: This period extends from the time insulin is in- 
.fected until the time the sugar content of the blood has reached its lowest level. 
The duration of this period is from one and one-half to two hours. During this 
period the blood sugar is decreasing at a faster rate than it is being mobilized 
from the liver. 

(2) Period of Coma; This period marks the height of the activity of insulin 
and its duration varies with the kind and amount of insulin injected as well as 
with the mode of administration and the experimental animal. It covers the 
time when the blood sugar has reached its lowest level and continues to be so 
until the rate of glucose mobilization from the liver is in excess of the removal 
of sugar from the blood. During this period the experimental animal is in a 
coma and convulsions may occur. 

(3) Period of Recovery: This period is characterized by the rise of sugar 
in the blood until it reaches its initial level. It also marks the vanishing effect 
of injected insulin. In mo.st instances the slope of the curve assumes a straight 
lino. 

Following the snbepidermal injection of insulin into the rabbit’s ear, there 
appears to be very little storage of insulin at the site of injection. Apparently 
all the insulin (2 units) administered has been rapidly ab.sorbed, so that as 
soon as the blood sugar has reached its lowest level, which marks the end of 
the first period, it begins to rise. The second period is of a very short duration. 
Owing to the rapid absorption of insulin by this method of injection, the blood 
sugar falls to a lower level than when it is subdermally or intradermally injected. 
Within seven hours the blood sugar returns to its normal level. 

Following the subdermal administration of insulin, the duration of effect 
uf insulin is somewhat parallel to the snbepidermal route. However, the 
period of recovery is slower, as characterized by the slope of the curve in Fig. 1 
and the fact that at the seventh hour period the blood sugar has not reached 
■t-s initial level. One may, therefore, conclude that the subdermal administra- 
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l,iou of insulin causes it to be more slowly absorbed than when it is given 
subepiclermally in the ear. 

The intradei’mal administration o£ insulin into the same group of rabbils 
has indeed yielded unexpected results. The action of insulin thus given te 
been considerably prolonged, as characterized by the length of the second period. 
Furthermore, at the end of the seventh hour the blood sugar is still very low. 
The prolongation of action of insulin by this mode of administration may k doe 
to the formation of a depot caused by the lack of proper circulation in &f 
vicinity of the site of injection. This difference in action suggests that vvlien 
insulin is rapidly absorbed, as in the case of subepidenual or epidermal in- 
jection, a portion of the activity is lost, either by inactivation of the insulin 
or'hy stimulation of the adrenal.s, with a greater mobilization of sugar from 
the liver. 

Airother strikiivg difference is illustrated in the effect of tlic. same dose ot 
insulin administered subepiclermally, subclermaiiy, and intradermaiiy on 1^^ 
incidence of convulsions. Table I is a self-explanatory summary. 


TABU2 I 


iNCaDENOB OP COKVUaSlONS 


ADMINISTRATION 

NUMBER OF 

mVBBITS ^ 

1 average tire VVK 
ocemwset OF 
CONVULSIONS 


USED 

CONYtlXiSlNQ 1 

Subepidetmnl 
Subdermal 1 

Intradermal 1 

24 

24 

24 

f i 

7 i 

15 1 

IBl 

ICB 

25a __ 


Following the subepidermal and siibdermal administration of 
animals that went into convulsions recovered without the 
glucose. Convulsions occurring following the intradermal injections wer® 
and in some instances the rabbits died despite the administration o 
quantities of glucose. Death, as a rule, occurred at night after the aPP‘ 

recovery from liypoglyceinic coma. I^rdatim' 

Since most investigations of insulin action, particularly on the 
of its effect, have been done following subdermal injections, it Vi's 
desirable to employ this procedure in these studies on the acce eia m 
effect. . . , ^ jjto 

The first period, termed the period of a-ctivity, may furthei be 
two stages: (1) inactivity or equilibrium stage and (2) out tkt 

stage. In an earlier publication from this laboratory® it was poi tlie 

when an acidified solution of insulin was subcutaneously ^ 
insulin must pass through various stages of hydrogen-ion coneentm 0, 
reaction at the site of injection is in equilibrium with that of ^ ^^,^5 

During this period of equilibrium there is no lowering of blood ^ ^Pot (k 
presented in Pig. 2 support this tlieoi'y, for it is clearly demons tl'c 

suhdennal injection of an acidified solution of insulin remains ma^ of 

fii'st ten minutes or thereabout, whereas, when the acidity o 
insulin Im.s been adjusted to about that of the tissue fluid, the 
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sugar occurs promptly. The acceleration of effect of such a preparation persists 
throughout the first period of activitj". A rapid-acting insulin of this nature 
may be useful in such instances as diabetic coma and acidosis. 


SUMMARY 

Intradermal injections of a solution of crystalline insulin were shown to 
produce a more prolonged hypoglycemia and a greater incidence of coiivul- 
sious ill rabbits than subepidernial or siibdermal injections. The lowering of 
blood sugar in fasting rabbits following the subdernial administration of in- 
sulin is more prompt wlien the acidity of its solution is at pH 7.0 than when 
it is at pH 2.9. 

The author wishes to express his appreciation to M ‘loodell and A. Nixon for their 
technical asslst.ance. 
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LABORATORY METHODS 


PHOTELOMETRIC DETERMINATION OP INORGANIC SULFATE IN 

BIOLOGICAL FLUIDS 


Ghace Medes, Ph.D., and Elizabeth Stavers, M.S. 
Philadelphia, Pa. 


■\TEPHEL0METRIC determinations of sulfate in biological materials have 
^ been reported bj’ various investigators, especially b.v Denis, ^ and Denis 
and Reed.“ In view of the recent development of the j)hotoeIectric cell as a 
biological instrument, it seems worth while to report a procedure adapted to 
its use. 

The Cenco-Sheard-Sanford photelometer^' was employed with a micro 
absorption cell No. 12337. A deep yellow filter was used to increase the sensi- 
tivdtjL To obtain the standard curve from ivhich future values were to be 
read, the following procedure was employed : To a series of seven 12 c.c. test 
tubes, containing from 0 to 6 c.c. ammonium sulfate solution equivalent to 
11.45 gamma sulfur per c.c. (diluted from a nitrogen standard containing 1 
mg. nitrogen per c.c.), water was added to make up to 6.6 c.c. To this solution 
0.4 c.c. 20 per cent sulfate-free trichloracetic acid was added and stirred with 
a fine glass rod. One cubic centimeter gelatin at about 40° C. (just above 
melting) was added and the contents stirred. After ten minutes 2 c.c. 1 
cent barium chloride were added and vugorou-sly mixed with the solution. 
After a ten- to thirty-minute interval the barium sulfate cloud formed was 
read in the photelometer. The time intervals stated were found optimal for 
gmng reproducible results. The tube containing no standard was used as a 
control to detect the presence of any contaminating sulfate. If a cloud was 
obtained, the set of determinations was discarded. 

Table I presents the amounts of reagents necessary for each tube an^ 
gives the average readings and the standard deviation of the mean foi ^ 
dilution of sulfate ovmr a series of 20 experiments. The curve given in Pic- 
was obtained from plotting the average readings for a series of 20 expenmen 
against the sulfur, expressed in gamma, contained in each tube of so u 
This curve, plotted on semilogarithmic paper, approaches a straight line 
cept in the region of greatest concenti-ation, where, according to the stan 
deviation of the mean, it becomes unreliable. 

Uodificafloit of Procedure for DeterminaUon of Inorganic Sulfate Ne 
Preparation of Protein-Free Filtrate. — To 2 c.c. serum in 15 c.c. gia ua ^ 
centrifuge tubes, 1.4 c.c. 20 per cent sulfate-free trichloracetic acid aie a 

” ^ceived for publication. May 29, 1939. 
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This solution is thoroughly mixed and allowed to stand fifteen minutes for the 
protein to floceulate. After centrifugation the clear supernatant liquid is 
filtered through a dry aeid-washed filter paper into a test tube. The wall of the 
centrifuge tube is washed with 2 to 3 c.e. of water, added to the supernatant 
liquid in the filter. Dilution is then made with water so that 21.1 c.c. in all are 
added, bringing the total volume of the diluted serum to 24.5 e.c. 



Vo ecR cx. 

S- 1.— Photelometric determination of sulfate. Total averages of readings for series of 
20 experiments. 


PlIOTEIXJilETRIC DETERillNATlON OF IKORGAMIC SULFATF. 


jj 0 20% 1% AVG. READINGS 

ftj, CCl,COOH FaCl, FOR 20 EXPTS. 

C.C. c.c. 7 s 


STANDARD 
DEVIATION 
OP IIEAN 

ys 

0.52 
0 6S 
0.47 
0.75 
0.84 
0.75 
3.90 


^ ^ctermi?iatio?i of Sulfate in Filtrate.—Trai^fer 7 c.c. of this diluted filtrate 
the Small-sized test tube used iu tbe sulfate detenuination, aud add 1 c.e. 
S ^titi and 2 c.e. 1 per cent barium chloride ten minutes apart as previously 
. After a ten- to thirty-minute period the barium sulfate cloud formed 

in the photelometer. 

'fhere are two controls for each set of determinations. One, which con- 
filtrate and gelatin but no barium chloride, is used to determine a 
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cloud wliicli may already be present in the solution due to a slightly cloudy 
filtrate. If this is present, its value must be subtracted from the reading 
obtained for the barium sulfate cloud. A cloudy filtrate is avoided if care is 
taken not to disturb the protein precipitate when rinsing the walls of the 
centrifuge tube. In no case in the series of experiments recorded was a cloudy 
filtrate eneountered. 

The other control used is identical to the one used in the sulfate deter- 
mination to detect the presence of any contaminating sulfate. This contains 
6.6 c.c. water and 0.4 c.e. trichloracetic acid instead of 7 c.e. of filtrate. 

Calculation for the inorganic sulfate is made iii terms of mg. sulfur per 
100 c.c. of serum as follows : 


R. X 24.5 X 100 
7 X 2 X 1000 


R X 0.175 


R represents the reading on the curve. 24.5 equals the total volume of 
diluted serum; 7 equals cubic centimeters filtrate; 2 equals cubic centimeters 
serum taken ; 100 equals cubic centimeters serum in which the final value is 
expressed. 1000 translates gamma to milligTams sulfur. 


Table II 

PHOTELOMETRIC DETER..MIXATION OF INOROANIC SULFATE IN SERUM, INCLUBING ALSO TWO 

Determinations in Plasma 


(Values Expressed as S per 100 c.c. SampleI 


SAMPLE 

SULFATE 

JIO. 

SULFATE 

ADDED 

MG. 

SULFATE 

RECOVERED 

MG. 

PERCENTAGE 

ERROR 


1 



1.303 

+ 9.6 

Serum 

2 



1.536 

- 3.3 

Serum 

3 

1.269 

0.573 

1.703 

- 7.5 

Serum 

4 


0.573 

2.104 

+12.2 

Serum 

5 


0.573 

1.403 

- 4.9 

Serum 

6 


0.573 

1.303 

- 9.6 

Serum 

7 


0.573 

1.303 

+ 5.0 

Serum 

s 


0.573 

1.403 

- 7.0 




0.573 

1.336 

- 9.4 

Plasma 

9 

J 0.902 




Serum 


(0.735 

0.573 

1.202 

- 8.0 

Plasma 

10 

10.701 




Serum 


Table II gives a series of determinations of inorganic sulfate in seium, 
showing also the amount of sulfur added in the form of ammonium sulfate m 
each case and the sulfate recovered. The determination of inorganic sulfate 
in two samples of plasma, obtained from citrated blood, is also recorded wit 
a comparative determination in serum from the same specimens. As slioun 
in the table, the error varied from -i- 12 to - 10 per cent. 

This method may also be employed to determine the inorganic su 
content of other biological fiuids, such as tissue extracts. If the sulfate con^ 
tent is too great to be read on the plotted curve, a dilution of the 
filtrate may be made with a solution of trichloracetic acid (1 part 
acetic acid to 16.5 c.e. water). The chief value of this method lies in 
and speed ivith which determinations may be made. It has proved 
useful in -working with tissue extracts under experimental conditions ni w ^ ^ 
chano’es of sulfate content are of the order of several hundred pei cen 
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number of miUiiowns lire eiirriod out siimiltniieoiisly. Its iiccurney is onlj- 
sHglifly loss tlmn more Inborious inetlinds. 
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SIiMPIilFYING SKIUAL DIAGKAiAlS FOK .MKDICAIj FORMS 


t)AMi:s S. Co.VAN’T, jM.D., Iloi.Tsviu.i;. .\. Y. 


^ UApIiJc (lcsuri]jtioiis of the profjre.ss of various nnatoniie lesions have 
long ahnpUfiecl the eoiniiiling of results in various medical series. As a 
rule, however, the expense of luiviug a series of special cuts made and the 
printing charges discourage such troatineiit of some experimental studies and 
the results are likeb" to lose some of their clarit.v. For tliis reason, a method 
was sought to simplify the cut problem ami yet pimhUico clean cut, identical 
serial diagrams. 



Fig. 1. 

After a skctcli has been made of the organ or region that is to be dupli- 
P^^^tate, larynx, heart, lungs, etc. — and the size determined, a metal 
by bending strips of % inch tin into the proper shape and solder- 
t em upside down to a flat piece of tin mounted on a wood block. It is 
placed against the flat side of an emery wheel to level the cutting edges, 
*^m^'^*'^** ^**0 edges are filed quite narrow. 

he form is now outlined and typed on a mimeograph stencil, and im- 
a proper places by tapping the cut several time.s with 

'^hese impressions are much cleaner and more exact than line drawings 
cuts also have the added advantage of use for odd rejiorts 
__f^uked with a stamp pad and a blotter placed under the paper. 

Received for publication. June 6. 1939. 



A SENSITIVE DROP RECORDER*' 


H. A. Shoemaker, Ph.D., Okdahoma City, Okea. 


T here are several dift'erejit methods for recording the flow of liquids when 
the rate is sufficieutlj^ slow to permit the liquid to fall from the outlet in 
drops. Gibbs^ has presented the essential features of the different types of 
drop recorders. The “Universal Mains Drop Recorder,” described by Vin- 
ton,- makes use of a triode valve. It is sensitive but has the disadvantage of 
having one of the terminals of the signal magnet connected to the 110 volt 
current supply. There are pos.sibly modifications in use v'here this is not die 
case, but we failed to find descriptions in the literature. 



WIPING DIAGRAM for DROP RECORDER, 

A - li Volt Dry Battery. R- 1000 Ohm Advance Relay. 

B~ 45 Volt Radio B Battery. S- Switch. 

c- 4i Volt Radio C Battery. T- Typo 31 Radio Tube. 

D- Terminals for Drop Contacts. SM- Terminals for Signal Mognet. 
RES” 3 mog. Resistor. 

Fig:. 1. 


With the help of two medical students, Jlr. Sam Leslie and Mi. 
Wynn, who are amateur radio enthusiasts, a recorder was built aceoi'dino 
the diagram shown in Pig. 1. The parts can readily be obtained 
good radio supply house and are comparatively inexpensive. The entiie ^ 
paratus can be mounted in a small metal cabinet and thus facilitate 
Due to the use of batteries there is no clanger of shock, such as is the 
the higher voltages. A verj’- small amount of current flow between the 
Contacts” is necessai’s^ to actuate the relay and consequently the 
be used Avith very dilute solutions of electrolytes. In the case of visci , 
tions or fluids that may change in viscosity" during the course of an e/ 

_ - ' c T nl of 

•From the Department of Pharmacology,. University of Oklahoma c ip 
Oklahoma City. 
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nieiit, the method of displacement of a salt solution, described by Gibbs, ^ 
should be employed. 

The drop contacts described by Owen,® Biskind and Dan,'* and Gibbs^ can 
be used with this apparatus. We use the tUiTaiijremcnt given in Pig. 2. The 
uecessary metal parts arc mounted on a piece of bnkelitc, 6 by 15 by 65 mm. 
The actual contacts arc of 22 gauge platinum wire and should be pointed or 
bent slifrhtly upward in order to assure a positive contact with each drop. 

Any standard signal magnet designed to operate with V/n volts D. C. can 
be used, or the battery in this circuit can be chauged to permit the use of any 
signal magnet. 

REFERENCES 
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SPECTROCOLORIMETRY: ADAPTATION OK A COLORIMETER FOR 
EVALUATING ABSORPTION SPECTRA* 


lUnjoniE R. Mattice, Sc.M., Catiickine F. Gannon', A M,, and 
Carl II. Greene. M.D., Pii.D., Ncay York. N. Y. 


JXVESTIGATION of physiologic and pathologic pigments by means of the 
usual type of comparison spectrometer is frequently unsatisfactory be- 
cause of difficulty in controlling light intensities and in varying the concen- 
trations of test solutions. Furthermore, the dispersion of the spectrum does 
uot provide sharp absorption bands with tliose concentrations of abnormal 
Pi^'ments encountered clinically. A further disadvantage for the small labo- 
*’atory is the cost of the instrument. 

To secure a comparison specti'ometer wliicli would be practical under 
I'outine conditions, a few alterations were made in a Duboscq colorimeter so 
1 at there would be no interference Avitli its regular nse, yet would permit its 
*^apid and simple change into an instrument for observing and quantitatively 
uieasuring absorption spectra. In practice its usefulness has so far exceeded 
e-'^Pectations that its description for the benefit of others seems warranted. 

■^hhough the principle is by no means new, specific details are not readily 
available. The spectroscope of the Kruss spectrocolorimeter,^ which pre- 
sumably can be applied to any colorimeter, provides a wave-length scale and 
Permits slitting do\vn to a restricted region of the spectrum both of which 
importaiit for certain types of precise analysis. Watson" mentioned em- 
u “double spectroscope attachment for a colorimeter ' upon which 

Laboratory of Pathological Chemistry. Department of Medicine, New York 
atiuate Medical School, Columbia University. 

«ecelvea for publication, June 15. 1933. 



.630 


THE JOURNAL OF LABORATORY AN0 CLINICAL MEDICINE 


the maniifactiivei*, at the present .time, can fnruisli no information. Weisr 
used similar equipment except that it possessed a wave-length scale. The 
apparatus to be described is not intended for highly precise spectroeolor- 
iraetric measurements, but is entirely suitable for use in the clinicai laboratory 
for the purposes specified. 



Fig. 1. 


MODIFICATION OP THE INSTRUMENT 

The feasibility of the desired alterations depends upon either the 
of material at hand or the selection of new equipment which can most eaSH 
be adapted to several uses. The speetrocolorimeter requires a faWj 
field, such as that provided b 3 ’- the Bansch and Lomb colorimeter. Biea 
spectrum likewise is a necessity not offei'cd b.v many hand spectroscopes.^ 
perimentation with different models indicated that the most satisfaetoQ 
the direct vision spectroscope listed by Bansch and Lomb as No. 33-8 - 
short length (72 mm. with the draw tube not extended) permits its 
in place of the colorimeter ocular, where it is held by a 
manently attached to the spectroscope. By means of tlie draw tu e, ^ 
limating lens can be focused upon the slit (0.1 mm.) ^ J aescribed 

silvered glass disk and is not adjustable. For the tj'pe of anal} 
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later, it is felt that a fixed slit is imperative. The apertures are protected by 
cover glasses from dust and corrosion. The spectroscope is rotated into a 
position where the spectrum is bisected tliroii^hoiit its Icng-th from red to 
bine, thus allowing the absorption hands of a specimen placed in the right 
hand cup to be compared with a similar solution on the left. TJie instrument 
is convertible from a spcctrocolorimeter to a colorimeter by lifting out the 
spectroscope and replacing the regular eyepiece. Siieh adaptability has 
proved to be a great convenience in routine laboratory work. 

The old-type, five-piece eolorimetor cups required more fluid for compari- 
son tlian was u.snnlly available. Moreover, greater depth of fluid was desir- 
able than could be secured with the cups alone. The hollow, dark glass plung- 
ers and cups of the Klctt colorimeter were ideal for our pniqinse and had the 
advantage of being stock equipment in (he laboruforj'. Acquisition of new 
Bauseli and Lomh fittings for the old instrninenf would have entailed consider- 
able expense and would not liavc proWded (he right type of plungers. Since 
the plungers on the Bausch and Lomb colorimeter were much larger than those 
from the ICIett, a mincing hushing was made to liold them. To accommodate 
the Klett cups, the holes on the colorimeter stage had to be enlarged slightly. 

USES FOR THE SrECTROCOLORIMETEn 

Measunment of Porphyrin Concentrations . — In tlic original Dobriner 
niethod* a Goudsmit-Summerson photoelectric colorimeter’ was used with a 
filter allowing the passage of light at 5,320 to 6,000 angstrom units. Subse- 
quently, Dobriner® discarded the colorimeter and employed a hand spectro- 
scope to study the intensities of the absorption bands in a series of known and 
unknown solutions. Tliis comparison was made in small test tubes by shelter- 
ing them against the light from the .side while making spectroscopic observa- 
tions down through the solution. Obviously, inspection of both standard and 
Unknown at the same time, rather than shifting from one to the other, would 
a decided improvement from the standpoint of convenience as well as pre- 
tiision. Use of a comparison spectrometer made this possible but required 
tedious adjustment of the tubes to obtain equal illumination and sharpness of 
absorption bands. The spectroeolorimeter, which has been described, ren- 
dered the comparison as simple as the use of an ordinary colorimeter. 

The stock standard, 1 mg. of coproporpliyrin in 100 ml. of 5 per cent 
>drochlorie acid, or a suitable dilution thereof, is adjusted in the instrument 
to match the unknown extract. In the event of abnormally high concentra- 
the latter may require dilution of tJie final 5 ml. volume to 10 or 15 ml. 
with 5 per cent hydrochloric acid. Either solution may be set at 20 mm. and 
tie other varied until the intensitie.s of the absorption bands are equal on 
oth half fields. Although comparison is slightly more difficult than with 
^'^Ple color matching, remarkably close agreement in readings is obtainable. 
. Three band.s are possible, but only two arc to be anticipated : a dense line 
tke green and a much weaker one in the yellow. The third may occasion- 
y he seen as an exceedingly fine line about midway between the other two. 
^ «h a concentration of lOy per 5 ml,, the two bands are readily discernible. 
^ per 5 ml. only the more dense band is visible through 40 mm. of fluid. 
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Below this concentration the band cannot be seen unless the hollow plungers 
are filled wdth solution also, thereby increasing the depth by approximately 
50 mm. When so used, it is imperative that the plunger wall be more or less 
impervious to light or that an efficient shielding device be employed. 

The stock standard keeps -well in the refrigerator if preserved with a few 
drops of chloroform. When diluted Avitli acid for comparison rvitli normfi 
urine specimens, its keeping quality is diminished. Attempts to use Hemato- 
porpliyrm-Norchnark for the preparation of standard solutions rvere unsatisfac- 
tory, not only because of difficulty in securing known concentrations, but also 
because of dissimilarity of the absorption bands. Urine extracts, once ei'aluated 
against the stock standard, have been refrigerated and used thereafter as known 
solutions. 

Detection of Abnormal Blood Pigments . — Although it is possible to obtain 
a rough estimation of hemoglobin concentrations by matching diluted specimens 
against known solutions, the method is not liraetical. The spectroeolorimeter is 
exceedingly useful, however, in distinguishing between metliemoglobin and sulf- 
hemoglobin. With the advent of sulfanilamide and related types of chemo- 
therapy, the existence of sulfhemoglobin has been widely' heralded. Only re- 
cently’’ has it been generally' recognized that the bands characteristic of met- 
hemoglobin and sulfhemoglobin lie so close together that confusion in their 
identification may' readily' occur. Although the difference between these two 
pigments has been adequately' described in the literature,"’ ® separate viewing 
of the absorption spectra is not ahvays conv'incing. With the spectrocolorira- 
eter, hoAvever, it is apparent to the most casual observer that the character- 
istic band of sulfhemoglobin is definitely' nearer to the y'elloAv region of the 
spectrum, while that of methenioglobin extends further into the red. 

It is impractical to specify' a fixed dilution for examining blood for 
abnormal pigments since the concentration of hemoglobin in pathologic sped 
mens v'aries so widely'. The dilution should be such that it is possible to b o^ 
out the passage of light through the spectroscope AA'hen the solution is at i ® 
greatest depth in the colorimeter cup. It is rare indeed that methemog o^^i^ 
reaches so high a concentration that its band in the red can be observed at m 
same time that the alpha and beta bands of oxy'hemoglobin are sepaia ey 
seen. Sulfhemoglobin, on the other hand, is not infrequently detectable im 
these conditions. 

When the blood is abnormally' dark in color but examination with a sp^^^ 
troseope fails to rcA'eal a band in the red, the spectroeolorimeter can e 
to adv'antage to demonstrate the presence of metliemoglobin or sn 
globin. A sample of normal blood, suitably' diluted, is placed in the^ e 
cup and adjusted to a IcA'el which shows narrowing of the red 
spectrum by' encroachment of shadoAv from both sides, but more 
from the deep red. With abnormal pigment, gradual increase in t le 
fluid in the cup leads to development of a definite shadow' at t e y ® 
of the red field. This shadow extends further into the red for met le 
than for sulfhemoglobin. Gradual blotting out of all light 
differences betiveen oxy'hemoglobin and these abnormal deiiva ne 


MATTICC irr AU ; SpnCTROCOLOI^ISIETHY 


G33 


Tlie difference between the absorption spectra of carboxyhemoglobin and 
oxyhemoglobin is so slight that tlieir distinction in the spectrocolorimeter is 
not to be anticipated except where an extraordinarily liigh concentration of 
the monoxide derivative is encountered. In the presence of 80 per cent car- 
boxyhemoglobin differentiation is readily made, but the characteristic color of 
this pigment is equally apparent to the unaided eye. Detection of carboxy- 
Iiemoglobiu in the blood by spectroscopic means cannot be expected clinically 
in those cases where the concentration is consistent with life. 

Application io Conr/o l^cd Tests , — In detenniuing blood volume by means 
of injected Congo red, it is possible for considerable hemolysis to exist xvithoiit 
defection. Tins source of error is even more pronounced when this dye is used 
for the diagnosis of amyloid disease. It is a simjde matter, however, with the 
s,pectrocoIorimetor to introduce the solutions into the colorimeter cups and 
examine them for the characteristic bands of oxy hemoglobin. Congo red itself 
in the concentration used absorbs no light in this region Once hemolysis is 
ruled out, the spectroscope is replaced by the colorimeter eyepiece and the 
test completed ns usual. 

SUMMARY 


1. ^lecbanical clinnges necessary for the coiivei*sion of a Duboscq colorim- 
eter into an hustrunient for observing and measuring absorption spectra have 
been described. 


2. The adaptation is economical since permanent attachment of the spec- 
troscope is not required and tlie colorimeter is not altered so as to affect its 
routine use. 

3. The instrument is particularly well suited to the quantitative estima- 
tion of urine and fecal porphyrins. 

The difference between nicthemoglobin and sulfbemoglobin is readily 
demonstrable with the spectrocolorimeter. Tliis is true of carboxyhemoglobin 
•uul osrheinoglobin only in excessively liigh concentration. 

0- Both detection of hemolysis and determination of Congo red in blood 
volume and amyloidosis tests arc possible with this instrument. 


Mm of this paper It tvas discovered that Boyd and (J. & Clin- 

airVf' 2S2S) had employed a •'.^^pcctrocomparator'* embracing the principles de.scribe(l 

»or the Purpose of determining urpbliln. 

«( Horn? Sfeatlj- Imlcbtel to Dr. Konratl Dobrincr tor Provkllog- us vith tho stock solution 
" used in this study. 
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THE ESTIMATION OP SERUM PHOSPHATASE ACTIVITY WITH 
DISODIUM PHENYL PHOSPHATE*' 


D. M. Greenbekg, Ph.D., S. P. Lucia, M.D., and II. G. Weitzjian, A.B. 

San Francisco, Calif. 


ING and Armstrong^ introduced the use of disodium phenyl phosphate for 
the estimation of the activity of serum phospliatase. This substrate is ad- 
vantageous because it is more rapidly hydrolyzed by the enzyme than the 
more commonly employed sodium beta-glycerophosphate. Purtheriuore, the 
liberated phenol, which has a greater chromogenic value, is more susceptible 
to ordinar 3 coloi imetric estimation than is the orthophosphate liberated from 
sodium beta-glycerophosphate. 

This paper presents a revised technique of the method of King and Arm- 
strong^ for the determination of serum phosphatase. Tiie technique was 
devised to increase the accuracy, simplicity, and clinical adaptability of the 
procedure. 

The important changes that have been introduced are as follows: 

1. The serum protein is removed from the sample bj' precipitation with 
trichloi'aoetic acid after incubation and before the liberated phenol is esti- 
mated coIorimetricalljL The presence of the serum protein is undesirable 
because of the presence of the tj^rosine residues in the protein molecules, 
which produce a considerable amount, of color with the phenol reagent. Fur- 
ther, serum protein produces high values for the control tubes and makes the 
estimation of the phosphatase units in the sample less accurate. Also, it may 
cause turbidity ■when the phenol color is developed with sodium carbonate 
according to the directions given bj’' King and Armstrong. 

2. To maintain the pH of 9,t which is optimum for the activity of the 
enzyme, the buffer system ammonium hydroxide and ammonium chloride is 
employed' in place of the expensive and rather unstable veronal buffer used 
by King and Armstrong. Buffer solutions of the required pH are prepared 
easily from solutions of ammonium hydroxide and ammonium chloride. They 
will keep for long periods of time. 

3. Instead of a standard solution of phenol, the amino acid tyrosine js 
used as a colorimetric standard to estimate the amount of phenol liberated b) 
the action of phosphatase. The standardization of solutions of phenol for 
colorimetric use offers considerable difficulty. Pure erystalline tyrosine caa 
be obtained readity, and standard solutions are prepared easily by weighing 

*Pi'om the Divisions of Biochemistry and Medicine, University of Cailfernl.i Me 
School, Berkeley and San Francisco. 
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tit was determined by test that the sermn phosphatase has its 
9.0 to 9.2 in the presence of the ammonium hydroxide-ammonium cWonde puiier 
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out tlie (Icsiueil amoiintK of tlio dry amino acid. Tlio pliospliatase imits are 
eipressed in terms ot tlie inilliprams of tyrosine wliicli give a color equiva- 
lent to the plienol liberated. 

The new phosphatase method does not present certain difficulties which 
may be encountered when the method of Bodansky^ is used, wherein sodium 
beta-glycerophosphate is employed as the substrate. By tbe Bodansky method 
only a small amount of color is normally obtained from the liberated ortho- 
phosphate. This is difficult to estimate accurately by ordinary colorimetric 
procedures. If the Kuttner and Lichtenstein procedure is employed for deter- 
mining the orthophosphate, it is almost impossible to obtain colorless controls 
with the reagents.* 


Buffer Solutions: 


BEAOENTS ItCQUIRED 


(1) 0.5 JI ammonimn chloride: 2.675 Gin. ot pure ammonium chloride are 
dissolved in distilled water to 100 ml. volume, or 26 75 Gm. to 1 liter. 

(2) 0.5 II ammonium hydroxide: 28 nil. of C. P. concentrated ammonium 
hydroxide are diluted to 1 liter, and the extract .strength determined 
by titration with a standard acid solution using metliyl red or methyl 
orange as an indicator. This should be kept in a stoppered flask to 
prevent loss of ammonia gas. 

(3) Buffer-substrate mixture : Introduce 1 Gm. of disodium phenyl phos- 
phate, 20 ml. of 0.5 M ammonium chloride, and 20 ml. of 0.5 M am- 
monium hydroxide into a 100 ml. volumetric fia.sk Dilute to volume 
with distilled water and mix. 

(4) 20 per eent trichloracetic acid : This is ajipro.ximated by roughly 
weighing out 20 Gm. of the acid and making up to a volume of 100 ml. 

(5) 2 JI sodium hydroxide : 8 Gm. of C. P. sodium hydroxide pellets are 
weighed out and dissolved in water to 100 ml. volume. 

(3) 1 JI sodium hydroxide : The 2 M sodium hydroxide is diluted with 
an equal volume of water. This is used to neutralize the trichlor- 
acetic acid introduced in tbe sample in order to precipitate the serum 
protein. Each batch should be titrated against the 20 per cent tri- 
chloracetic acid in order to determine the amount equivalent to 3 ml. 
of the acid solution. 

(7) Polin-Cioealteu reagent :* This reagent is prepared in the following 
manner: Dissolve 100 Gm. of sodium tungstate (Na.WOi.BHcO) and 
25 Gm. of sodium molybdate (Na 2 Mo 04 . 2 H 20 ) in 700 c.c. of water in 
a 1,500 c.c. Florence flask. Add 50 c.c. of syrupy (85 per cent) phos- 
phoric acid and 100 c.c. of concentrated hydrochloric acid. Connect 
file flask with a reflux condenser by means of a cork or rubber stop 
per wrapped in tin foil. Boil the solution gently for ten hours. At 
the end of this time, add 150 Gm. of lithium sulfate, 50 c.c. of water, 
and a few drops of liquid bromine. Boil the mixture ivithout the con- 
denser for about fifteen minutes to remove excess bromide. Cool, 

dilute to 1 liter, and filter. The finished reagent should have no 


"'“i ‘a® Folln-ciocalteu reagent suffleient fin: a day or two may be diluted 1:2 

■ or the reagent may be used In the concentrated form. 
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gi-eeiiisli tint. It should he kept well protected from dust, because 
organic materials ivill gradually produce slight reductions. 

(8) Standard tyrosine solution (5 c.e. = 1 mg. tyrosine) : 100 mg, of 
pure dry tyrosine are accuratel.y weighed and dissolved with approxi- 
mately 0.1 M hydrochloric acid solution to a imlunie of 500 ml. in a 
calibrated volumetric flask. A drop of merthiolate may be acicled to 
inhibit the groivth of mold. 


PROCEDURE OP ANALYSIS 


Sample of Blood . — Five milliliters of blood are drawn from an arm in tlie 
usual manner without the addition of an anticoagulant. The blood is alloived 
to clot and then centrifuged, and if necessary reeentrifiiged, so that a sermn 
free from suspended cells may be collected. Care must be taken to avoid 
hemolj'sis. The separated serum may be stored in a refrigerator for a period 
as long as a week without any significant change in the phosphatase activity. 

Analysis . — Two 10 ml. portions of the buffer-substrate mixture are pipetted 
into rubber-stoppered 15 ml. te.st tubes. These are placed in a 37.5° C. water 
thermostat for about five minutes, to bring the substrate to this temperature. 
Next 0.5 ml. of tlie test blood serum is added to one of the tubes and mixed 
with its contents. Both tubes are incubated for exactly one hour at 37° C. 
The second tube, containing the incubated substrate, is used as a control. 
After incubation both tubes are removed and placed in an ice bath, or chilled 
in a refrigerator for at least ten minutes. After chilling, the serum protein 
should be precipitated with 3 ml. of the 20 per cent trichloracetic acid. About 
five minutes after addition of the acid the tubes are centrifuged to separate 
the precipitated protein. The supernatant liquid is carefully decanted off the 


protein sediment. 

Control . — The control is prepared by adding 0.5 ml. of normal serum to the 
test tube containing the incubated substrate, and chilling. Then the seiuni 
protein is precipitated with 3 ml. of 20 per cent trichloracetic acid. The test 


tube is centrifuged as above, and the supernatant liquid collected. 

Comparison . — Into 10 ml. volmnetric flasks are jiipetted 5 ml. aliquots 
supernatant fluid from the control and test sample. Then 1.0 ml. of the 1. i 
sodium hj'^droxide is added from a burette to neutralize the acid present. { 
exact amount of alkali required may be determined by titrating again a 
portion of trichloracetic acid, using phenolphthalein as an iiidicatoi. 
need be done only once for each fresh batch of alkali and acid.) 
added 1 ml. of 2 M sodium hydroxide and 0.6 ml. of the concentrate 
Ciocalteu reagent or 2 ml. of the reagent diluted to one-third with wa ei. 
volumeti'ie flask is filled to the graduation mark with distilled wa ei, 


the contents are mixed. . n to pr®' 

To cover the usual range of phosphatase activity, it is 
pare at least tivo standard solutions for comparison. Iiito 50 m . vo 
flasks are pipetted 2 ml. and 5 ml. of the standard tyrosine solution. 
is added about 20 ml. of xvater, 5 ml. of 2 M sodium hydroxide, an 
concentrated Folin-Ciocalteu reagent or 9 ml. of diluted reagen . 
necessary at times to use other ranges of tyrosine concentiation. 
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The incubated sample and the eontrol are compared in the colorimeter 
M-ith the appropriate tyrosine standard. 

Calculation of Phosphatase Activity. — The phosphatase unit is defined as 
the amount of enzyme which will liberate a quantity of phenol from 100 ml. 
of serum in one hour incubation under the described conditions, giving a color 
equivalent to that produced by 1 mg. of tyrosine. The tv'rosine equivalent of 
the eontrol is subtracted from that of the incubated serum. The difference 
expresses the tyrosine equivalent of the test sample 

The calculation may lie expressed by the following equation : 


108 X Stanclnrcl ^ ^ Tvi-osinc in stanclnrcl = Tyrosine value. 

Reading ot Unknotvn 

Tile tyro-siiic vahic.s of bolli test anid control samples are ealenlatecl. 

Then: (Tyrosine value in injr. per 100 nil. of test) - (Tyrosine value in mg 
per 100 ml. of eontrol) = Pliospliatasc units. 


The factor 108 is derived from a eombination of the volume relations of 
the various steps in tlie procedure. If tbo volume of the sample or of the 
Elatidard solution is altered, then the factor 108 must be altered eorrcspondinglj . 

Sera ird/t Ilirjh Enzyme Oonteni. — As the hydroli’tie products of the phos- 
phate reaction aceunudate, they retard the velocity of tlie reaction.' P''°' 
(luces an error in the measurement ot the pbospbatare units. To minimize this 
error, sera ivliose pliosjilmtase content is known to be bigli slionld be diluted with 
normal saline (usnally an equal volume) so that the number of units per 100 
ml. of the diluted serum will not be in excess of 60. 


DISCUSStON' 


The Phoiyhatasc f/jiit.''— Like King and Armstrong,' we considered it 
uiiae.siraWe to introduce a pliospliatasc unit that would give values varj’ing too 
greatly from tlio.se already reported. The conditions of the jiresent method 
were adjusted so .^s to give sufficient color to the samples and, at the same time, 
in give a pliospliatasc unit wliieli in normal subjects would yield phosphatase 
values of tlie same magnitude as tliose reported by King and Armstrong,' winch 
are approximately the same as tliose of .Tenner and Kay,'' and about twice as 
freat a.s those obtained by the Bodansky method.’ 

T/ic Time Factor in the Fate of Liberation of Phenol.— E series of tests 
'I'O'ved that, for time periods varying from thirty to ninety minutes, the amount 
“t phenol liberated was very nearly directly proportional to the time. The 
pariod of one hour was selected for the present work because in that time an 
“'latiuate amount of color is produced with about 0.2.5 ml. of serum, and Hie 
tyrosine phosphatase values are ncarlv equivalent to those of King and Arm- 
stroug. 


If it is necessary that the ineubatioii period be more or less than the ('t^'"I 
-■"■'1 time of one hour, then the pIiospbata.se values can be corrected by direct 

'"■“portion. 


"‘b. Of phenol. 
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ANALYTICAL RESULTS ON THE BLOOD OP NORMAL AND PATHOLOGIC SUBJECTS 

The method for phosphatase estimation described has been used in this 
laboratory for the past two years, and has been evaluated on the blood of nor- 
mal and pathologic subjects. 

Table I 

Comparison of Sebum Phosphatase Values or Normal Subjeci's by Various Methods 


SUBJECT 

1 

TYROSINE , 

UNITS 

JBNNEE ANP 
KAY UNITS 

BOPANSKY 

UNITS 

RATIO 

tyrosine units 

BODANSKY UNITS 

Tu (I)" 1 

6.4 

6.0 

3.9 

1.6 

Tii (2) 

5.9 


3.0 

2.0 

Cl 

[ 5.0 


3.6 

1.4 

Wei (1) 

‘ O.o 

0.7 

3.5 

1.6 

Wei (2) 

7.0 


4.1 

1.7 

Oar 

6.0 

5.6 ! 

3.8 

1.6 

Du (1) 

.LI 

4.2 

1.7 

l.S 

Du (2) 

6.2 


3.5 

1.8 

E(3n' 1 

a. 7 

4.1 

2.4 

2.4 

To 

1 6.2 

5.6 

4.0 

1.6 

Ta 

9.1 

7.2 

7.2 

l.S 

By 

6.7 

4.2 

4.0 

1.7 

Wi 

6.8 

5.2 

3.2 

3.1 

Ka 

6.4 

6,0 

4.3 

1,5 


7.5 

5.2 

4.3 

1.7 


7.6 

7.8 

4.4 

1.7 


10.1 

8.9 1 

5.4 ; 

1.9 

Ha 

7.2 

1 

3.7 

1.9 

Tom. 



1.7 

1,9 

Pi 

6.0 


1 2.4 

2.5 

Eah 

7.2 

7.6 

; 3.5 

3.0 

Number 

21 


21 

21 

Lowest value 

3.1 


1.7 

1.3 

Highest value 

10.1 


7.2 

' 2.5 

Arith. meau 

6.4 

6.0 1 

3.7 

I**? 


•The numbered values represent repeated determinations on the same subject. 


Not'mal Yalues. — The phosphatase values obtained by the present metlio 
were compared with those obtained by the method of Bodansky and that o 
Jenner and Kay. The subjects ivere young adults, both male and fema® 
graduate students. The results are recorded in Table I. Twenty-one 
tions showed a range of between 3.1 to 10.1 units, with an average of 6- - 
these subjects the Bodansky method gave a range of between 1.7 and J 
with an average of 3.7. The average ratio between tyrosine units an o ^ 
sky units was 1.7. In 14 subjects the Jenner and Kay method yielde a 
of 4.1 to 8.9 nnits, with an average of 6.0. This demonstrates that ^ 
value of the present method agrees closely with the values of King an 
strong and Jenner and Kay. The values marked (1) and (2) on w 
subject represent repeated determinations at varying intervals of time. 

Values m Pathologic Conditions . — ^The many recent studies on 
have shown that an increase in the phosphatase activity of blood seruni^ 
in certain diseases of tbe bone and in eeidaiu types of jaundice, pf 

phatase values have been found in osteitis defonnans (Paget s 
bone),^’ in osteitis fibrosa cystica,®- and in cancer wit os 
metastascs.^' In the osteoplastic type of bone gboot 

phosphatase was found to be particularly high, -whereas i re 
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Tabee II 


Sekum PiiosntATE Vaeues in Diseases With Bone Involvement 


SUBJECT 

TYROSIN’E 

UNITS 


RATIO 

DIAGNOSIS 

aJ. Pagct*s Disease (Ostettis deformatis) 

T.A. (1) 

1)7.3 

38.4 




9S.9 

38.3 

2.6 


h. li. 

35.5 

20.9 

1.7 


LG.L. (1) 

45.1 

16.9 

2.7 


LtL. (2) 

48.0 

16.4 

2.9 


L.H. 

30.0 




C. T. 

20.9 




k.k. 

19.3 





6.G 

26.0 

2.4 

2.7 


s.a. 

18.6 




A.B. 

23.0 




Number 

12 




Lowest value 
Highest value 

6.6 

98.9 

2.4 

38.4 

1.7 

2.9 


Anth. mean 

40.8 

20.5 

2.5 



U. Hyperparathyroidism (Osteitis fibrosa cystica) 


E.W. 

Arith, mean 

22,3 

9.2 

2.4 


21.4 

9.1 

2.4 


21.9 

9.2 

2.4 



C. rcnoKj Diseases Domonstratinp Invohcment of Bone and Abnormalities of Calcwvi 
ifetabolism 


L. D. 

J. S. 

M, d. 

K. B. 

II.A. 

A.c. 

C.P.S, 

T-K. 

C.H. 

R.O. 

ao: '=> 

RS. 

dumber 
Lowest value 
^'gtest value 
mean 


5.2 

1.5 

3.7 

0.9 

4.2 

1.7 

0.5 

4.3 

1.5 

3.4 

3.0 

1.1 

6.1 

2.3 

2.7 

12.7 



11.3 



9.7 



0.8 



23.7 



9.9 

4.8 

2.0 

11.7 

4.9 

2.4 

11.2 

4.8 

2.3 

41.5 

14.6 

2,8 

14 

9 

9 

3.4 

1.5 

1.1 

41.5 

14.6 

3.7 

11.9 

4.9 

2,2 


Desnioul tumor ot bowel 
Multiple bone tumor 
Giant tumor of tibia 
Osteomyelitis of spine 
Osteoporosis 
Osteoporosis 
Osteoporosis 

Hodgkin’s disease of bone 
Ankjlosis of hips 
Intracranial lesions 
Osteoporosis 
Nephrolithiasis 
Nephrolitliiasis 
Nephrolithiasis 
Plasma cell myeloma 


Wal in the osteolytic type of bone sarcoma, multiple myeloma, endothelial 
oma, chondroma, and chondrosarcoma. 

iau phospliatase also has been found to be high in obstructive 

cat liepatitis, and hepatic cirrhosis.^^-^^^ It remains normal in 

^irhal, infective, and hemolytic jaundice, 
dia P^^sent study, samples were taken from 10 subjects with conditions 

Paget's disease of the bones, from 2 patients with hjT)erpara- 
ties 13 patients with various diseases of bone and abnormali- 

are laetabolism. The results are given in Table II. In Table II A 

sbulated the cases of Paget's disease. . The phosphatase values found in 
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Table III 


SERuii Phosphatase Values in Diseases Without Bone or. Calciuh Involvement 


SUBJECT 

TYROSINE 

UNITS 

BODANSKY 

UNITS 

RATIO 

DIAGNOSIS 


A. Diseases Accompanied hy Icterus 

A. M. K. 

W. G. M. 


37.2 

1.6 

Portal cirrhosis 

Obstructive jaundice 
Cirrhosis of liver 

S. E. 


26.S 

l.S 

Cirrhosis of liver 

K. P. 

H. C. 

39.8 

11.5 

5.5 

2.1 

Carcinoma of liver 
Hypertropliie biliary cirrhosis 

J. Xi. 

5.G 

3.1 

1.8 

Acute hemolytic icterus 

Number 

6 

4 

4 


Lowest A’alue 

5.6 

3.1 

1.6 


Highest A-alue 

5S.3 

37.2 

2.1 


Arith. mean 

28.3 

18.2 

l.S 


2}. Various Di'seases Without Bone Involvement 

or AhnormaHties of Calcium Metahohsm 

N. H. 

11.2 

4.3 

2.0 

Undulant fever 

S. E. 

3.1 

2,0 

1.6 

Duodenal ulcer 

M. L. 

5.2 

5.1 

1.0 

Senile purpura 

A.J. (1) 

8.7 

4.6 

1.9 

Paroxysmal nocturnal 

A.J. (2) 

9.5 

3.9 

2.4 

hemoglobinuria 

C. K. 

4.3 

3.6 

1.2 

Polycvthemia hypertonica 

P.P. (1) 

6.5 

4.4 

1.5 

Silicosis 

P.P. (2) 

6.9 

5.6 

1.2 

Myotonia congenita 

S. T. 

10.4 

7.4 

1.4 

A. F. 

5.9 

3.3 

l.S 

Diabetes mellitus 

M. I. 

6.9 

3.1 

2.2 

Hj'perthyroidism 

E. P. 

S.9 

6.3 

1.4 

Erytliromelalgia 

C.O. (1) 

4.1 



C.O. (2) 

5.7 

1.3 

4.4 

Anxiety neurosis 

Chronic glomerular nephritis 

G. B. 

S.2 

4.3 

1.9 

A. S. P. 

29.6 

22.2 

1.4 

Sj’philis 

Number 

16 

15 

15 


Lowest A’alue 

3.1 

2.0 

1.0 


Highest value 

29.6 

22 2 

4.4 


Arith. mean 

8.45 

5.4 

1.6 




this condition were high in eveiy instance except one. The ratio of tyiosiue 
units to Bodansky- units in this series of cases averaged 2.5. 

Table II B shows the results obtained in 2 patients with hyperparatlij 
roidisin, in both of whom the values Avere about three times the normal mean. 
Results obtained in the series demonstrating abnormalities of calcium inetabo 
lism and diseases of bone are gh’^en in Table 11 C. These results are in 
ment with those obtained in the Avork already cited. Oulj^ in one case o 
plasma cell myeloma and in another Avith decalcification of unknoAvn e 
Avas there a marked increase in the serum phosphatase. The 2 
nephrolithiasis listed in the table are of interest because of the singu a 
close agreement betAveeii the phosphatase values of the turn. 

Table III A shoAvs the phosphatase Amines of serum samiiles 
patients Avith icterus. These, too, are in agreement Aidth the ^ 

recorded in the literature. In cirrhosis and obstructiA'c jaundice 
great increase in the phosphatase A’alue of the serum. In acute 
icterus the plasma phosphatase is normal. 
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In Table III B arc recorded the phosphatase values for a number of pa- 
tients with various diseases without bone involvement or abnormalities of 
calcium metabolism. "With the exception of high values in a case of syphilis, 
the results obtained fell fairly well Avithin the range of values found in the 
groups of normal controls. The aA'cragc of the ratios of tyrosine units to 
Bodansky units in this group of patients is nearly the same as that found in 
the group of normal subjects. 


SUMMARY 

1. A revision of the scrum phosphatase method of King and Armstrong, 
in wliieli (lisodium phenyl phosphate is used as the substrate, is presented. 

2. The revised method eliminates certain sources of' inaccurac}’. It is 
simpler, and is especially avcH suited for clinical nsc. 

3. The phosphatase values obtained by tlic now mctliod agree in general 
with those previously obtained by other methods. 
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A COMPARATIVE STUDY OP BLOOD AND SPINAL FLUID BY THE 
KAHN, KLINE, AND LAUGHLBN TESTS* 


Leslie B. Taschner, B.S., M.T., Medical Lake, Wash. 


S INCE Laughlen^ described a new flocculation test for syphilis in 1935, 
attempts have been made by many workers to determine the reliability 
of this test as compared with other well-known methods, namely, Wassermann, 
Kahn, and Kline. 

In his first report Laughlen^ found that his test gave 98 per cent agree- 
ment with the Wassermann test, and 99 per cent agreement with the Kahn 
test, using a small number of specimens — 400 blood and 20 spinal fluid samples. 
Later he" studied over 5,000 ward specimens, comparing the Laiighlen with 
the Wassermann, Hinton, and Kahn methods. On the first 2,000 specimens 
examined, agreement with the Wassermann test was 97 per cent, and with the 
Kahn 98 per cent. The complete report showed an agi’eement ivith the Was- 
sermann of over 98 per cent, and with the Kahn 99.4 per cent. Laughlen s 
original work has been confirmed by several groups of workers. Robinson and 
Stroud® performed the Laughlen, Wassermann, and Kahn tests on 1,000 sera. 
They found 93 per cent agreement between the Laughlen and Wassermann 
tests, and 97 per cent agreement between the Laughlen and Kahn tests. 
Muether and Greutter,^ after performing 1,000 tests on blood say, Tli® 
Laughlen test is slightly less accurate than the Kahn test and compares fairl) 
well with the Kline test.” Craig and Callaway® found on 1,000 patients that 
the Laughlen test agreed with the Kahn and Wassermann tests in 91.8 pei cent 
of their cases. With the Wassei’maun test alone there was agreement in 9 . 
per cent. With the Kahn test alone 99.8 per cent agreement was obtaine • 
Breazeale, Greene, and Harding® performed the Kahn, Eagle, Ide, Kline, an 
Laughlen tests on 1,000 sera. A comparison of the results showed 
agreement between the tests varied from 98.4 per cent to 99.5 per cent. 

10 per cent of their sera were tested by three other laboratories using the 
sermann tests. There ivas agreement in 94.5 per cent of the cases. a 
work with the Laughlen test led him to conclude that it was less .spew c 
the Wassermann and Eagle tests, and when the sensitivity of the 
reduced enough to eliminate false positive reactions, it failed in a large 
of cases to detect positive sera which gave a positive reaction to t ie 
flocculation test. Flood and Mayer® found that the Laughlen and 
were in agreement with the standard tests — Kline, Kahn, and gf 

about 81.95 per cent of 1,025 eases and on 67.93 per cent of D1 sp®®’ 

•From the Laboratory of the Eastern State Hospital. Medical Lake. 
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knou-ii sypliilitics. Tiiesc various studies caused an editorial and a current 
comment^'’ warning against the use of the Laughlen test by untrained people. 

The present study was undertaken to compare the Laughlen test with 
the Kahn and Kline tests. Tlie three tests were used routinely on all sera 
and spinal fluids in this report. Over 20 per cent of the sera and spinal fluids 
were tested by another laboi’atory,* using the AVassermann test. There was 
agreement in over 99 per cent of tlie cases. Patients used in this study were 
principally tho.se admitted to this hospital. To a small extent the patients 
were those under treatment in the Syphilis Clinic and were known syphilitics. 

It was decided to perform the TCalm, Kline, and Langhlen tests on at least 
1,500 blood samples and 1,000 spinal fluid specimens. The Kahn and Kline 
tests are used routinely in this laboratory. A group of 150 bloods and 150 
spinal fluids were performed by the Laughlen test as n preliminary step in 
order to familiarize myself with the test before running the larger series. 
Positive and negative controls were run throughout this study. All tests were 
done personally. The sera in these tests were inactivated at 56® C. for thirty 
minute.s. 

The Kahn precipitation test was performed as described by Kahn.^^ The 
antigen, a cholesterolized one, was purchased from Sliarp and Dohme Co. Tlie 
Kline diagnostic tests were done as described by Kline. The antigen and 
I'cagents for its use were purchased from La jMotte Co., Baltimore. All the 
Laughlen tests were run as described by Laughlen.* Tlie Laughlen antigen was 
prepared from a cliolcsterolized Kahn antigen, using scharlaeh R dye. Great 
C3re wa.s used in preparation of the Laughlen antigen following Laughlen s* 
directions. Good results Avere tisually obtained after a little practice. 

_ A total of 1,547 serum tests and 1,003 spinal fluid tests Avere done in this 
series. Table I shows the number of tests performed for each method used. 
The Was-sermann tests shown in all tlie tables are presented for comparison, 
mdicating that over 20 per cent of tlie tests AA-ere checked in a separate 
laboratory. All tests are in close agreement Avith those shoAvn in Tables II 
and III. 


Table I 

Total Number of Tests 


— 1 

wassermann 

ICAIIN 

t KLINE 1 

1 LAUGHLEN 

tests 1 

__Spinal fluid tests i 

392 

207 

1,547 

1,002 




Table n 

Comparison fob Specificitv 




AVASSERMANN 

KAHN 

KLINE 

1 LAUGHLEN 

Lluod tests 

Positive tests 

163 

365 

364 

1 352 

;r— 

Negative tests 

229 

1,182 

1,183 





251 

254 



Negative testa 

133 

751 

748 



^^sWngton State Department of Health. Seattle. 
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Table III 


Comparison for Specificity 




'WASSERMANN 

KAHN 

KLINE 

LAUGHLEN 

Blood tests 

Positive tests 

163 

164 

162 

161 


Negative tests 

229 

228 

230 

231 

Spinal fluid 

Positive tests 

74 

75 

73 

73 

tests 

Negative tests 

133 

132 

134 

134 


DISCUSSION 

If it were possible to obtain 100 per cent results in all tlie methods used, 
each method should give 367 positive sera, 1,180 negative sera, 253 positive 
spinal fluids, and 749 negative spinal fluids. It was assumed that when a ma- 
jority of the tests pei'formed on a sample of blood or spinal fluid gave the 
same result tliat result was the correct one. Any test not agreeing with the 
majority of the tests run on a given sample was considered wrong unless 
proved othemvise bj^ repeated tests on samples from the same patient. 

Of the methods used in testing the sera, the Kahn test showed only 4 false 
tests, the Kline showed 5 false tests, and the Laughlen gave 17 false tests. 
In the .spinal fluid examinations the Kline gave the best results, with just one 
false test. The Kahn was next with three errors. The Laughlen test was last 
with 10 tests that were wrong. In both the sera and the spinal fluid examina- 
tions the Kahn and the Kline were ov’er 99 per cent accurate in regard to 
specificity. The Laughlen was slightlj’' below, with an accuracy of moie than 

98 per cent. . . 

The agreement between the Laughlen, Kahn, and Kline tests obtaine m 
this ivork is hig’her than that reported bj’' most authors. This maj he ex 
plained by the following reasons: 

1. Preliminary experience in performing the tests was secured b.i testiUr 
a group of one hundred or more before applying it in the present coropar 
five study. 

2. Well-known antigens, properly standardized, were used in al 

3. Great care was used in preparing the Laughlen antigen. In donio^^ 

I found that the total time in doing the Laughlen test was nearl} as nine 
was needed for the Kahn and Kline tests. 

4. All the individuals that had had syphilis had the disease 
There were no cases of primary or secondary syphilis, hlany of 

had had no treatment. Some of them had been insuffieientl.v tieatm, 
received only a few injections of heavy metals. A few of them 
treatment for years before commitment, and still gave a strongly posi i 

for sjTihilis. 

CONCLUSIONS 

The Langhlen test is slightly less specific than the Kahn and Khue.^^^^^^^^ 

To secure accurate results the time needed to perform the es 
the same as that needed for the Kahn and Kline tests. diao’nosis 

Inexperienced workers should not use the Laughlen tes or 

of syphilis. s,,?- 

T am indebted to Dr. Harry N. Hoback for his kind advice, criticism, an 
gestions throughout this study. 
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TIIK LANGE TEST 


in. The Use of the Piioteeometer i.\' Maki.vg Lan(;d Test Re.vdin’qs 


E. R. Johnson*, R. SI. Aude, and C. H. Sorum 
SIadison, Wis. 


clinical laboratorie.s visited by us rely on direct visual obsen'ation in 
^ deciding the colors obtained in the Lange* test. Although the experi- 
®heed teclinieiaii is able to decide very accurately wliether the color is a 0, 1, 
1 3, 4, or 5, the less experienced operator is not always so certain of his read- 
Hence, it would appear to be desirable to try to develop a convenient 
3hd accurate mechanical method for measuring the colors. This study sum- 
marizes results obtained using a photelometer for making Lange test readings. 

TUB PHOTELOMETER 

A standard Cenco-Sheard-Sanford Photelometer, described in detail in Bnl- 
No. 104 of the Central Scientific Co., was used. A special carrier built 
old eleven 16 mm. x 55 mm, pyrex test tubes was used in place of the ree- 
absorption cell provided with the instrument. Tins carrier was 
^oaiited on a track in such a manner that it could be easily moved back and 
til * *^ould be locked in position so that the beam of light would pass 
the center of the particular test tube being examined. 

EXPERIMENTAI/ 

Usiiift sols prepared by the nuclear formaldehyde method of Glasoe and 
te sodium citrate method of Bororvskaja,® the authors ran Lange 

on available paretic and syphilitic spinal fluids. The tests were read 
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Tube 

Fie:. 2, — Langre test reading- witli paretic fluid. 
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Fig. 4. — Lange test reading nltli paretic fluid. 



Fig. 5. — Lange test reading with sypliilltlc fluid. 



Fig. 6. — Lange test reading with syphilitic fluid. 
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with the plioi-elometer, and the correspoudiug visual readings were taken. 
The results are shown in the form of graphs (Pigs. 1 to 7). The photelometer 
readings are represented by dots, and the curve is drawn as a solid line. The 
visual readings are represented by crosses, and the curve drawn with a broken 
line. The time given is the time elapsed between the addition of the gold sol 
and the photelometric reading. The visual readings were taken one to one 
and one-half hours after mixing. 



To determine the influence of time on the photelometric readings, the fiist 
tests made with the photelometer were read at two-minute intervals for t le 
first twenty minutes, then at longer intervals up to five hours. The ohaiae- 
teristics of the curves did not change after the first fifteen minutes. There 
fore, most of the readings were taken fifteen to thirty minutes after misnio' 


CONCLUSIONS 


The results obtained in these experiments indicate that the photelome « 
provides a very sensitive and accinrate method for making Lange test rea 
Its use enables the less experienced operator to make fine 
color that are not possible with direct visual readings. In particulai it m® 
possible the detection of even slight differences in the color of gold 
such it is an invaluable tool in Lange test research. However, m 
clinical woi’k, where the general form of the curve and the relati^e co^o 
the solutions are more important than the actual colors, the use 
photelometer appears to have no advantage over the visual metio 
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A TRIPLE SUGAR-FERROUS SULFATE MEDIUM FOR USE IN 
IDENTIFICATION OF ENTERIC ORGANISMS* 


S. Edward Sulkin, PilD., and Joskpii C. \Yillett, D.V.JI. 
St. Louis, Mo. 


T he need for a simple practical medium to be used in teaching and public 
health laboratories for the differentiation of the colon-tj'phoid-dysentery 
group is evidenced by the numerous culture methods described for the isolation 
of this group of organisms. A simple medium which would afford a maximum 
amount of information in a minimum time is most desirable. Several examples 
of such media have been described. Russell,' for example, devised a simple 
medium containing nutrient agar, lactose, glucose, and an indicator, for differ- 
entiation between the lactose-fermenting and nonlactose-fermenting gram-nega- 
tive bacilli. Krumwiede and IColm* later modified thi.s medium by introducing 
a third sugar, saccharose, in order to obtain more information in a single 
medium. Kligler^ described a simple medium containing lead acetate for the 
detection of hydrogen sulfide which could be successfully combined^ with the 
Russell double sugar medium. The medium of Kliglcr did not receive wide- 
i'Pread use in public health laboratories; subsequently the method of its prep- 
aration was simplified by Bailey and Lacy,® who determined the optimum 
temperature for mixing the ingredients of the medium, and the best method 
^or its sterilization. 

The use of iron salts for the detection of hydrogen sulfide has been recom- 
mended by a large number of investigators, including Treece,® AYilson,''^ Beck- 
||ith and Mo.ser,® Levine, Vaughn, Epstein, and Anderson,® Zobell and Felt- 
and others. Bismuth has been recommended as an indicator by Pacheco 
3iid Toledo Mello,^' and more recently by Hunter and Crecelius.'^ 

fn the selection of a suitable indicator system for detection of hydrogen 
’'^dfide, one must take into consideration several factors, including toxicity, 
seusitiyityj and distinctness of color change. Although it is not clear that 
^'oution of hydrogen sulfide from media containing proteins is necessarily 
^^idenee of the reduction of sulfur-containing compounds, one must also 
^onsider the available source of sulfur in selecting a suitable indicator system. 
3cteria which produce hydrogen sulfide seem to do so more freely if cystine 
other sulfur-containing compounds (taurine, sodium sulfite, sodium thio- 
ate, thiourea) are added to the medium. 

Several experiments were performed to determine the relative sensitivity 
orrous sulfate, ferric ammonium citrate, and bismuth citrate, using several 
of freshly isolated organisms, and a large number of strains of the 

Laboratories of the St. Louis Health division. 

«ived for publication. July 5. 193&. 
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Table I 


Hydrogen Sulfide Reactions in Media Containing Different Indicators 


NAME OP ORGANISM 

NUMBER 

OF 

STRfVINS 

MEDIUM I 

MEDIU-M II 1 

MEDIUJt m 

FERROUS SULFATE 
AND SODIUM 
THIOSULFATE 

FERRIC 

AMMONIUM CITRATE 
AND SODIUM 
THIOSULFATE 

BISMUTH UQUOR* 

IS 

’ HR, 

24 

HR. 



IS 

HR. 


so 1 

HR. 


IS : 

HR. 

24 

HE, 

mm 

1 

E. typliosa 

12 

12 

0 

0 

0 

11 

1 

m 

0 

10 

2 

0 

0 

E. typliosa 

sot 

28 

2 

0 

0 

2(5 

3 

1 

0 

25 

4 

1 

0 

S. paratyphi 

9 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

S. sohottmulleri 

4 

4 

0 

0 

0 

4 

0 

0 

0 

4 

0 

0 

0 

S. hirschfeldii 

1 

1 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

Slug, dysenteriae 

3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

Shig. paradysen- 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

0 

teriae (Plexner) 














Shig. paradysen- 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

teriae (Hiss- 














Russell) 














S. suipestifer 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

: 0 

S. aertrycke 

9 

s 

1 

0 

0 

9 

0 

0 

0 

9 

0 

0 

! 0 

S. morgani 

1 

0 

0 

0 ; 

0 1 

0 

0 1 

0 

0 

0 

0 

0 

0 

S. anatum 

3 

3 

0 

0 

0 1 

0 

1 

0 

0 

3 

0 

0 

0 


»The bismuth liquor consisted of a 3 per cent stock solution of bismuth citrate (Merck 
U.S.P. VIII), prepared as suggested bj' Hunter and Crecelius.^ 
tPreshly Isolated strains of E. typhosa. 

Note . — Figures refer to number of strains showing hydrogen sulflde production after indi- 
cated number of hours’ incubation at 37" C. 


typhoid-dj’-sentery group of organisms kindly supplied by Dr. McDonald 
Fulton, of the St. Louis University School of kledicine. 

In the first set of experiments different hydrogen sulfide indicator 
systems* were added to a beef infusion agar base containing bacto-peptone: 


Medium I 

Ferrous sulfate 
Sodium thiosulfate 

Medium II 

Ferric ammonium citrate 
Sodium thiosulfate 

Medium III 

“Bismuth liquor" 

(3.0 per cent bismuth citrate) 


0.02 per cent 
0.015 per cent 

0.05 per cent 
0.03 per cent 

0.5 per cent 


Eight)' (80) strains of organisms were tested in these media in oi 
determine the relative sensitivity of the respective indicators. In 
assured of uniformity approximately the same amount of moculum 
eighteen-hour broth cultures was used in seeding the respective me la- 
cultures were incubated at 37° C. and examined after eighteen, twen y 
thirty-six, and forty-eight hours. As seen in Table I, medium I 
most effective hydrogen sulfide indicator system. The presence o ^ ^ 
sulfide could he detected in less than eighteen hours. Only 3 o 
producing hydrogen sulfide required more than eighteen hours 
at 37° 0. The ferric ammonium citrate was somewhat less sensi n jjgjfive. 
ferrous sulfate, while the bismuth citrate was considerably 
Three strains each of Salmonella paratyphi, and Shigella p ‘ ^ 

^he concentration of indicators used was established in a preliminar> e\P 
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(Flexiier), two strains of ShigeUa dyscnteriac, and one Hiss-Russell strain 
showed liydrogen sulfide production, as demonstrated by use of the bismuth 
citrate indicator (medium III). This indicator is perhaps too sensitive, since 
these organisms arc generally considered to be negative hydrogen sulfide formers, 
and the differential value of hydrogen sulfide production in routine diagnostic 
work would no longer be valid. The use of such a .sensitive indicator would 
necessitate revision of the generally accepted classification of the enteric organ- 
isms, or the presence or absence of hydrogen sulfide should be recorded ac- 
cording to the medium or indicator used. 

Another set of experiments was carried out to determine the effect of 
changes in hydrogen-ion concentration on the effectiveness of the respective 
indicators. The media used in the previous experiment ^v'crc prepared in 
Iniffered solutions ranging from pH 5.0 to pH 9.0. An eighteen-hour broth 
culture of a freshly isolated strain of E. typhosa was used as the test organism. 
The results, summarized in Table II, show that changes in the hydrogen-ion 
concentration had no effect on tlic sensitivity of the bi.smuth citrate for detec- 
tion of hydrogen sulfide, confirming the observation of Hunter and Crecelius.^- 
The ferric ammonium citrate, however, apparently reacts very slowly with the 
hydrogen sulfide to form iron sulfide. Tliis indicator failed to detect the Iiydro- 
gen sulfide in an acid medium (pH 5,0) even after incubation for fourteen days. 
The ferrous sulfate, on the other hand, was only sliglitly affeeted by changes in 
Mrogen-ion concentration of the menstruum. Essentially tin* .same results were 
obtained when this experiment was repeated at a later date. 


Table II 

EfpTCT op Hn)P.OOEN-ION CONCENTIIATION ON SENSITIVITY OP IRON AND BISMUTH SALTS TO 
Hydrogen Sulfide 


pH 


5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 
9.0 


FERROUS SULFATE AND 
SODIUM TIIIOSULFATK 

FERRIC AMMONIUM CITRATE 
AND 

SODIUM TIlIO.SULr.VTE 

RISMUTIt 

CITRATE 


_ 

+ + + 

4- 


+ + + 

+ + 

+ 

+ + + 

+ + 

+ + 

+ + + 

+ + 

+ + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + 

+ + + 

+ + + 

+ 

+ + + 

+ + 

+ 

•!■ + + 


+ hydrogen suIUUc detectable after Incubation at 37* C. for seven days. 

amount of hydrogen sulfide formed. 

^--Jifoderatc hydrogen sulfide production. 

, hydrogen sulfide production. 

37* c. ~ Abundant hydrogen sulfide production within eighteen hours after incubation at 


fo set of experiments bacto-lryptone,*^ which is especially adapted 

m the elaboration of indol by bacteria, was found to be considerably more 
table than bacto-peptone from a viewpoint of available sulfur content, growth- 
properties, and uniformity of results (Table III). 

spared by the Elfco Laboratories, Inc., Detroit, Midi. 
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Table HI 


Effect of Peptone and Teyptone on Bydbogex Soefide Peodoction 


NAME Of ORGANISM 

NUMBER 

or 

STRAINS 

BACTO-PEPTONE j 

BACTO-TEyPTO.VE 

18 

24 : 

36 

48 ' 

18 

24 1 


4S 

E. typho.sa , 

12 1 

H 

1 

8 

U ' 

8 

1 

3 i 

0 

E. typhos.i 1 

0* 


1 i 

2 i 

1 1 

0 

1 

0 1 

0 

paratyplu ; 

6 

0 

0 

0 ^ 

0 ' 

0 

0 

0 ’ 

0 

S. schottmulleri 

4 

4 

0 

0 

0 

4 

0 

0 i 

n 

Shig. dysenteriae j 

.3 

0 

0 

0 

0 

0 

0 

I 0 

0 

Slug, paradysenteriae ; 

5 

0 

0 

0 

0 

0 

0 

■ 0 I 

0 

(Elexner) , 










S. aertrycke | 

G 

i 4 

o 

0 

i 0 

6 

i 0 

! 0 I 



‘Freshly isolated strains ot E. typliosa. 

Note. — Figures equal nvmher of strains showing H:S production after indicated number 
of hours' incubation at 37° C. 


The ferrous sulfate-sodium tJiiosulfate indicator system was added to two 
batches of medium containing- bacto-peptone and bacto-tryptone, respectively. 
Sev^eral strains (42) of oi'ganisms of the typhoid-dysentery group were tested. 
Cultures were examined after incubation at 37° C. for eighteen, twenty-four, 
thirty-six, and forty-eight hours. Hydrogen sulfide could he detected in less than 
eighteen hours in 23 of 28 liydrogen sulfide formers when grown in the medium 
containing baeto-ti'yptone, while only IS strains showed hydrogen sulfide in less 
than eighteen hours when grown in the bacto-peptone medium. 

It has recently come to our attention that tlie Difco Laboratories, Inc. have 
prepared a dehydrated medium, identified as bacto-Kligler iron agar, designs 
to replace bacto-Kligler lead acetate agar. This medium is very similar to the 
one described liere. Ferric ammonium citrate is used as the liydrogen snlo 
indicator instead of ferrous sulfate. Tlie Difco medium likemse permits i - 
ferentiation of the gram-negative rods both on the basis of their ability F 
ferment dextrose or lactose and on their ability to produce hydrogen sn! c, 
and has given comparable results with our own medium. • 

The Jiydrogen-sulfide indicator system described in tlie present report as 
been successfully combined with Krurawiede’s triple sugar medium. T e o 
lowing metliod of preparation provmd satisfactory : 


Beef e,\tract 
Bacto-tryptone 
Sodium chloride 
Agar 
Water 


Agar Base 


5.0 Gtn. 

20.0 Qm. 
5.0 Gm. 

10.0 Gni. 
1,000 c.e. 


Adjust to pH 7.4-7.6 and .sterilize at 15 pound.s pressure 
for fifteen minutes. 

Modified Triple Sugar MecHum 
To the melted base cooled to 50“ C. add 
Lactose I'O 

Saccharose P®’^ 

Glucose P®^ cent 

Perrons Sulfate 0.02 per cent 

Sodium thiosulfate 0.015 per cent 


Bromthymoi blue (1.6 per cent alcoholic 

solution) ,0.10 per cent 

Sterilize at 5 pounds presssure for twcntj- minutes. 
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When only small aiiKiimts of medium are used, it is desirable to add the 
carbohydrates (sterilized by filtvatiou) to the melted base which has been 
cooled to 50° C. Appropriate nmoimts of 2 per cent solutions of ferrous 
sulfate and sodium thiosulfate (previously sterilized at 5 pounds pressure for 
twenty minutes) are then added to tlic medium, together with the bromthymol 
blue indicator. However, for routine \ise in public health diagnostic labora- 
tories the ingredients can ])c mixed in Inilk at a temperature of 50° C., dis- 
pensed in small homeopathic vials, and sterilized by heating in the autoclave 
at 5 pounds pressure for twenty minutes. 

Only 1.0 per cent agar is used in order to obtain a semisolid medium 
which permits the motile organism to grow away from the line of inoculation, 
ginng a brushlike appearance which can be used as an additional means of 
differentiation. 

SUMMARY 

1. A modification of the ICruinwicde triple sugar medium is described for 
use in the differentiation of the colou-typhoid-dysentery group of organisms. 

2. Tryptone (bacto) is more suitable than otlier peptones from a viewpoint 
of available sulfur content, gi'owtli-pvomoting properties, uml uniformity of 
results. 

3. The ferrous sulfate-sodium thiosulfate indicator system is more sensitive 
than the ferric ammonium citrate-sodium thiosulfate system for the detec- 
tion of hydrogen sulfide. 

4. The sensitivity of bismuth citrate is not affected by changes in pH, 
ferrous sulfate is only slightly affected, and ferric ammonium citrate reacts 
'ery poorly in an acid menstruum. 

5* The use of bismuth citrate, whieli is an extremely sensitive indicator, 
'vould necessitate revision of the generally accepted classification of the 
enteric organisms. 

6- In recording the presence or absence of hydrogen sulfide in cultuies 
the mediiini and indicator system used should be stated. 
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A BEDSIDE TEST FOB SULPAPYEIDINE- 


Herman D. Eatish, B.S., and Jesse G. M. Bullowa, M.D. 
New York, N. Y. 


T T IS desirable to know the concentration of sulfapyridine in the blood when 
treatmg' pneumoeoeeic pnemnonias and their complications. That the bac- 
tericidal effect of snlfap.vridine is directly x>roportional to its eoneeutratioii 
has been amply shown. The concentration of sulfapyridine in the blood is 
determined b}" the rate of absorption, the rate of excretion, and the rate of 
conversion. Absorption, excretion, and conversion vary independently and 
are influenced by factors we do not fully understand. In adults with a uni- 
form dosage of 1 Gm, after an initial larger dose, concentrations varying from 
1 to 10 mg. per cent (1:100,000 to 1:10,000) were obtained. 

Concentrations too high do not occur with the usual dosage, but the con- 
centration may be too low for bactericidal or bacteriostatic action. Unless the 
parts per thousand in the blood or milligrams per hundred cubic centinietei’s are 
known, clinical failure cannot be ascribed either to inefficiency or to inadequate 
concentration of the drug. At times, even high concentrations for some resistant 
strains were insufficient to achieve earlj' bacteriostasis. In our eases treated 
successfully with sulfapyridine, 4 to 6 mg. per 100 c.c. were usually present 
in the blood. In some cases of pneumococcic meningitis 10 mg. per 100 c.e. 
of cerebrospinal fluid were required to effect a cure. The eoncentratiou in the 
cerebrospinal fluid is usually two-thirds that in the blood. When the concen- 
tration is too low, larger and more frequent oral doses or parenteral admuiis- 
tratiou may be employed. 

Ready extraction of snlfapju-idine from the blood with ether suggested a 
simplification of the Marshall test.^ Our modification may be performed awaj 
from a laboratory by the physician or by the nui’se at the bedside, and 
apparatus within the means of the smallest hospital. The test, with a sunu 
taneous duplicate analysis, may be canued out in ten minutes. 

The following reagents and apparatus are required for the deteimiunti 
of sulfapyridine b 3 ’' our method. 


Beagents : 

(1) Etlier 

(2) 15 per cent tricliloracetio acid solution 

(3) 0.1 per cent solution of sodium lutrite 

♦From the Medical Service. Harlem Hospital, Department of Hosptols, 
and the Dittauer Pneumonia Research Fund, New York University College ppsearcii P®, 
These studies received financial support from Insurance 

of New York Universitv College of Medicine, from the Aletropolit^ Uite 3ir. 

from Mr. Bernard M. Baruch. Mr. Bernard M. Baruch, Jr., Miss Belie rv. 

H. Robert Samstag. 

Received for publication, November 29, 1939. 
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(4) 1 per cent solution of urea 

(5) A solution of tt-ilimctliylnaplitliylamine containing 1 c.c. in 250 c.e. of 95 

per cent ethyl alcohol. (This reagent should be kept in a dark dropping 
bottle.) 

Apparatus : 

(1) 2 c.c. Luer syringe and needle 

(2) 1 Test tube of 20 c.c. capacity with round bottom, stoppered with cork and 

marked at 1 c.c. and G c.c. 

1 Centrifuge tube with long taper, graduated to 15 c.c. in 0.1 c.c. divisions, 
fitted with rubber stopper 

(3) 5 Dropping bottles to contain the reagents listed above 

(4) A comparator block 2.5 inches by 4.5 inches, with 4 openings to take test 

tubes 100 by 12 mm., and color standards.* 



t«" lui UK i(r«txii!5 * c*a . vnai oianco t* rni ic ikm 

Chart 1.— Comparative values for sulfapyridinc In 45 patients by the Morsliall method and 
by the ether extraction method. 


SIETHOD 

Into a Luer sjTinge clrau' approximately 1.5 c.c. of venous blood. Invei’t 
llie syringe with the needle still attaclied and deliver the blood, drop by drop, 
“to the round-bottomed test tube, to tlie 1 c.c. mark. From tile otlier dropping 
t'Ottle add ether to tlie 6 e.c. mark. Insert the stopper and shake ligorously for 
t™ minutes. The fluids will rapidly separate into two layers, with tlie ethereal 
ortraet of sulfapj’ridine in the npper layer. Slowly release the stopper. Cau- 
tiously decant the ethereal extract into the centrifuge tube to the 0.5 c.c. mark 
oud Set the extraction tube aside for duplicate tests. 

Ity means of a dropping bottle add 15 per cent trichloracetic acid solution 
t’m 5 e.c. mark, place the rubber stopper over the mouth of the tube, and 
sl'ake vigorously for ten to twenty seconds. Add 0.5 c.c. of 0.1 per cent sodium 
’"'fite solution (7 to 8 drops from a dropping bottle), bringing tlie solution 
° 'lit 5.5 c.c. mark. Again shake vigorously for twenty seconds, and add 
■ of 1 per cent urea solution dropwise from a dropping bottle. Finally , 
, “-ilimetliyhiaplithylamine to the 8.5 c.c. mark from its dropping bottle, 
‘nbe with the rubber stopper, and invert once or twice. Tlie white 

facllllatca when the wMth of the color hand Is Incrcasod by placlnc tubes 
Haler behind the standard and the test. 
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opalescence is soon replaced b3^ a purplish red color. After five minutes the 
color is full.v developed and the tube maj* be compared with standards in the 
comparator block. 

All A'alues of this ether extraction method lie within 75 to 95 per cent of 
those obtained bj^ the Marshall method, using a iihotocolorimeter. Chart 1 
shows the departure from the actual values. The average j'ield is 81 + 8 per 
cent, based on 50 determinations. Kepeated aualj'ses on the same sample 
rdelcled identical checks. 

The quantitative estimation of sulfapjaddine depends upon the formation 
of a purplisJi red azo dj'e. This diazotization may be completed hi approxi- 
matel.v one minute and the full color developed in five minutes, as shown in 
Chart 2. 



SaUTION ilMG. a 
SULfANYL-S-AMINO-PYRlOINE 
W 


„ "S IN 

TiME-MiaunS 

fOPARAXaUENE SULfONIC ACO + NoNQ, * UREA + - OlWETmi^-AMJfE ; 
ia . » » •+ SULfAWATt REAO + “ , 

(STROWRACETlC ACID + • +UREA+ 

1^41 « «• * ** SVifAMATC fl£AG + 


mart 2. — Nate of color dex-elopment. When testing for sulfapyridine, readings 
pliotoeleetric colorimeter show that complete deA'elopment of color occurs in fl'e m 


The rate of color formation after coupling with a-dimeth.vlnaphthylamme^, 
the comparative action of ammoninm sulfamate and urea on the destruction o 
the excess nitrite, and the value of trichloracetic acid and paratoluenesnlfo® 
acid as media for the reaction, were studied. With a photoelectric coloiimete^ 
results were obtained which indicated that eitlier group of reagents ma) ^ 
used. Urea aud trichloracetic acid are recommended because the.v aie cheap 
and more readilj' obtainable. 

(Mote. — While ether does not extract snlfap.rridine from waterv 
or urine as elBcientl.v as it does from blood, it extracts sulfapj'’ridine ve 
cerebrospinal fluid.) 


PREPARATION OF COLOR STANDARDS 

Color standards maj^ be readily' prepared using phenol red. 
calibrated so that the value of sulfapyridine obtained from the samp e e 
spends to the true value. Dissolve 0.0075 Gm. of phenol red in 100 
tilled water. To a series of 5 tubes, add 3.9 c.c. of fifteenth molar po a 
dihydrogen phosphate (KH2PO4) and 6.1 e.c. fifteenth molar 
dium phosphate (Na2HP04). Then follow with 0.2 c.c. of norma 



frOLDBEnGEn: C0MI‘AKATI\T: STri>V of atVTlinOCYXE ?'-EOr.ME.VTATIOX TEST 6.37 


hydroxide (XaOII) and phenol red as indicated. The volume of tlie phenol 
red should increase progressiveb' in the different test tubes. 


iilOCST OF 

pnryoL eed 
""cHTcl 

QJZO C.C. 

0.40 c.c. 
0.02 c.c. 

0.S6 C.C. 


AMOCr^'T or SULr.\PXT.rmNE (TT-UE V.iLL*E) JNTjIC.VTED 


Concentrations up to 4 mg. per cent 

Concentrations up to 7 mg, per cent ('usual in hIoo<J of recovereJ piieu- 
raococcic pneumonia patientsj 
Concentrations up to 10 mg. [»er cont 

Concentrations up to 12.5 mg. per cent (desirable in blood of menin- 
gitis patients) 

Concentrations up to 15 rog. per cent 


Tlie phenol red solutions are transferred to test tubes 100 by 12 mm. and 
sealed. The value of each tube should be marked on or permanently attached 
to it. The standard.s should be protected from direct sunlight. Xew stand- 
ards should be prepared every sir months. In bve months our standard.s had 
not faded appreciably. 

SUMXIART 

A simplified method for determining suUapyridine depending upon the 
ether extraction of .sulfapyridiue from the blood, is de-ci'ibod The te.st may be 
performed in ten minutes and require.s simple gla-sswarc available in any Iio.s- 
pital or office laboratorj'. 

RETEHEN'CB 

!• llarfhall, E. K., Jr.; Determination of Sulfanilamide in lilof'd and Cnnc, J, Biol. Cliem. 

122: 20?,, lonr. 


d C'OilPARATlVE STUDY OF THE ERYTHROCYTE SEDLMEXTATION 
test 'WITH THE HEDLIGE-VOLLMEK (LAXGER) HICROSEDI- 
METER AND THE ifODIFIED AVESTERGKEX .AIETHOD^ 


EsTiiEii AV. Goldberger, M.D., Statex Isla.vd, X". 


'PHE microsedimeter (Hellige-Yollmer)* offers a definite advantage in 
carrj’ing out the erj’throeyte sedimentation test in children. The ap- 
psratus (Fig. J) consists of a smalt box containing 3 graduated pipettes, 3 
tubes, a celluloid plate, and 2 vials, one with 5 per cent sodium citrate 
solution and the other with 10 Gm. mercury'. The micropipette has no gradu- 
ation from its tip to mark C, a graduation of 2.3 mm. from mark C to 0, and 
^ Clark B, 4 mm. above mark 0. 

Five per cent sodium citrate solution is drawn up to mark C, and blood 
a puncture on an ear lobe or finger tip is draivn up to mark B. The 
contents of the pipette is then emptied onto the celluloid plate and mixed with 
® tip of the pipette. The mixture is allowed to flow back by capillary at- 
traction into the pipette, up to mark 0. The flat end of the pipette is closed 
"^'th a finger, the pipette placed into one of the tubes containing a drop of 
and then put up in the wooden rack of the apparatus box, 

•from the Pediatric Service of Dr. Bela Schick, Sea View Hospital. Staten Island. 
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The erythrocyte sedimentation rate is determined hy observing the 
point on the millimeter scale to irhieh tlie red blood cells fall dm-ing one Lour. 

The method requires only two or three drops of blood, and causes less pain 
than the maerometbod, which necessitates veuipuneture. As compared witli 
other micromethods, such as the Landauer- and Cutler,® it is simpler and less 
expensive, and is partieularlj’ suitable for serial determinations on the same 
child. 



In order to examine the reliability of this new method, I compared it 
with the modified Westergren method used routinely in this institution. I 
carried out 304 compai'ative determinations with the micromethod and macro- 
method. Each point (.), cross (x), or ring (o), in Pig. 2, indicates the sedi- 
mentation rate of one blood specimen obtained with the microsedimeter 
(ordinate) as well as with the Westergx-en macromethod (abscissa). Au ideal 
curve was drawn through the spreading points in such a way that these points 
are situated as near as possible to this ideal curve. With this curve the 
micrometer values can easily be convmrted into the corresponding Westergren 
values. 

My observations are in favor of the accuracy of the microsedimeter with 
which method values up to 8 mm. in children, and up to 10 xnm. in infants, ore 
regarded as normal. As Pig. 2 demonstrates, these microsedimeter va ues 
coincide very well with normal Westergren values up to 20 mm. 

Another observation is of interest. The time factor in the determinotion 
of the blood samples seems to influence the results. In Pig- 2 the sign 
indicates that both methods were carried out from the same speeimen immo 
ately after the blood was taken. The sign (x) indicates that 
method was done immediately, but the macromethod only after stan 
one to four hours. The sign (o) indicates that both methods rvere pei 
simultaneouslj’’ within one-half to two hours after obtaining the spec 
of blood. _ 

The values marked by sign (x) are found to be most distant ^ 
ideal curve. This means that blood standing for several ^rreactioa 

curate results. Possible reasons for this may he shifting of the ^ oo 
due to carbon dioxide loss, as well as formation of gross protein aj,e 
(flocking) which precipitate the red blood cells (J. Loeb). 



GOLDBERGER: 


COMPARATIVE STUDY OP ERYTHROCYTE SEDIMCXTATION TEST 659 



SUMMARY 

Three Imndrecl four comparative deterininations ivere carried oat -with 
^ '6 Ssllige-Vollmer mierosedimeter and the modified Westergren method. 

^ 2. The microsedimeter values compare favorably with results obtained 

the macromethoa. 

The erythrocyte sedimentation test witli the microsedimeter is simple, 
'■•'quires only 2 or 3 ' drops of blood, and, therefore, can be performed repeat- 
On infants and ebildreii with the minimum of feai' and distress. 
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4. Tlie standiug of blood specimen for several hours gives inaccurate re- 
sults with the macromethod. 


BEPERENCiES 

1. Vollmer, Herman: New York State J. Med. In press. 

2. Landauer, A.: Am. J. Dis, Child. 45: 691, 1933. 

3. Cutler, J.: Am. J. M. Sc. 173: 687, 1927. 


COMPARISON OP DARK-PIELD EXAMINATION AND NIGEOSINE 
STAIN IN DEJIONSTRATING TREPONEMA PALLIDUM* 


Nathan Nagle, A.B., and John Graul, St. Louis, Mo. ' 


A FAVORABLE report has been made Dienst and Sanderson* on the use 
of the nigrosine stain in demonstrating Treimiema •pallidum. They 
state, ‘ ‘ This method is much simpler and apparently^ as accurate as the dark- 
field examination.” With the view of extending the services of the lab- 
oratory in the diagnosis of primary syphilis to the practicing physician, wc 
made a comparison of the efficacy of the nigrosine stain and the dark-field 
examination methods. 

Ninety-nine patients, 84 males and 15 females, presenting themselves at 
the St. Louis Health Division Venereal Disease Clinic, were examined with the 
dai'k field, nigrosine stain, and Kahn test. 

The technique used in making the nigrosine stain was that recommended 
by Dienst and Sanderson. The dark-field specimen was usually taken first, 
followed by at least two preparations for the nigrosine stain. These prepaia- 
tions were stained either on the same day or on the following day. One woiker 
made the dark-field examination and prepared the nigrosine stained smears. 
Another worker examined these iirepai'ations independently, without know 
iug the results of the dark-field examination. 


Table I ^ rKom 

Comparison op Dark-Field Ekajiination With the Nigrosine Stain on a w 

Patients Having Genital Lesions 


NO. 

PATIENTS 

DARK-PIELD 

EXAMINATION 

NIGROSINE 

STAIN 

29 

Positive 

Positive 

49 

Negative 

Negative 

2 

Positive 

Negative 

1 

Negative 

Positive 

1 

Positive 

Doubtful 

1 

Negative 

Doubtful 

16 

Negative 

Negative 


kaiin 
TEST 

“gUpositUe 

1 doubtful 

2 negutiTO 

3 no record 
47 negative 

2 no record 
Positive 
Positive 
Negative 
Negative 
15 positive 
1 doubtful 


•From the St. Louis Health Division Laboratory. 
Received for publication, July 13, 1939. 
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Table I gives a summary of the results obtaiuecl. Forty-nine patients gave 
negative tests by all three methods and, therefore, can be excluded from this 
discussion. Of the 50 persons with primary syphilis, 32 gave positive dark 
fields, 30 gave positive nigrosine stains, and 41 gave positive Kahn tests. 
Three patients had positive dark-field examinations while the nigrosine stain 
method was negative in two and doubtful in the third. On the other hand, 
one patient had a negative dark field and a positive nigrosine stain. The 
results indicate a close correlation between both methods in the diagnosis of 
early syphilis ; however, the dark field is the method of choice. Where the 
dark field is not avaiJalde to tlic practicing piiy.sieian, the nigrosine method 
is recommended. 

• REFERENCE 

1. Dienst, E. B., and Snnderaou, E. S. : Use of Nigrosine to Demonstrntc Treponema pallidum 
in Syphilitic Lesions, Am. J. Pub. Health 26: 910, 1930. 
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TUBERCLE BACILLI, Pathogenicity for Guinea Pigs of, Suspended in Gastric Mucin, 
MEIs, M, A., and Colwell, C. A. Am. Rev. Tuberc. 40; 109, 1939. 

Sixtj- guinea pigs were injected subcutaneously with varying doses of tubercle bacilli, 
equal numbers receiving bacilli suspended in mucin and in saline, for the purpose of 
determining whether or not an}' alteration of pathogenicity would occur with the organisms 
suspended in mucin. No significant differences could be noted mth the exception that, of 
the guinea pigs receiving the smallest doses, those injected with mucinous suspensions 
developed larger local lesions which showed a greater tendency to ulcerate and discharge 
their contents. This effect maj' be explained upon a purely local and mechanical basis. 
The injected mucin, because of its viscosity, may act temporarily in maintaining a high con- 
centration of bacilli at the site of injection, promoting the development of a more extensive 
local lesion. With the gradual disappearance of the mucin, tlie infection progresses in s 
manner similar to that seen in guinea pigs injected with saline suspensions. 

KEDNEY: Test of Glomerular Puaction With Sodium Ferrocyanide, Stieglitz, E. J. Arch. 
Int. hied. 64; 57, 1939. 

Method ; Ampoules of sterile, dry, pure sodium ferrocyanide, containing 0.5 6m. of the 
hydrated salt, or about 0.25 Gm. of the anlij'drous salt, were employed. Ferrocyanide su s 
might be decomposed by the gastric acid if taken orall)", but on slow intravenous injection no 
evidences of toxic effects have been observed. _ , 

The contents of one ampoule are dissolved in 10 c.c. of sterile distilled water an 
administered by slow intrav-enous injection. It is essential that this solution be c ear e 
fore the injection is started; the salt dissolves rather slowly. Specimens of 
collected thirty, sixty, one hundred and twenty, and one hundred and eighty minuies a 
the injection, and their content of ferrocyanide determined by' analysis. It is imma er^^^ 
just how much water is consumed before or during the test; the rate of excretion 
to be independent of the volume of urine. Ample fluid to make possible the prompt voi 
of urine at the proper intervals is desirable. • 

The titration of ferrocyanide is carried out with a 0.4 per cent solution o 
sulfate (0.004 Gm. per cubic centimeter). Before titration the specimen is aw * ^ 
concentrated sulfuric acid. Cupric ferrocyanide is a slightly soluble red sa t u m 
soluble than the well-known Prussian blue (ferric ferrocyanide). To determine 
point in titration, drops of solution of ferric chloride are placed on a tUe, 
titration proceeds a drop of the unknown is placed in contact with the feme c 
free ferrocyanide is present, Prussian blue is immediately formed; if all the 
has already been precipitated as cupric ferrocyanide, a distinct delay occurs 
appearance of this blue color. The end point is, therefore, read when the appears 
blue is delayed four to five seconds. 

The calculation is based on the chemical equation: 

Na.Fe (ON),, -t 2 CuSO, -» Cu, Pe(CN)oi + 2 Na,SO,. 

The molecular weight of Na 4 Fe(CN)« is 304.08 and that of CuSO, x 2 is 319.- ^ 
solution of cupric sulfate contains exactly- 0.004 Gm. per cubic centimeter, ^ 

the solution precipitates exactly 0.0038 Gm., or 1.52 per cent, of the injec ® 

Gm. of anhydrous sodium ferrocyanide. The exact strength of the cupnc 
first measured by electrolytic methods. _ „s a 

Sodium ferrocyanide, being excreted by the glomeruli, may be s . - 

substance for determining glomerular efficiency. 
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The procedure found most applicable is the intravenous injection of 0.5 Gm. of the 
hydrated salt (representing 0.25 Gm. of the anhydrous salt) freshly dissolved in 10 c.c. of 
sterile distilled water. Specimens of urine are collected thirty, sixty, one hundred and 
twenty, and one hundred and eighty minutes after injection, and their ferrocyanide content 
determined. For ambulatory patients analysis of tlie first two specimens suffices. Caution 
must be employed in that the solution must be clear before the injection is made. 

The excretion rate of ferrocyanide approximately parallels the results obtained with 
the urea clearance tost, the phcnolsulfoncphthalcin test, and the renal concentration test. 

Extension of the control scries of patients with apparently normal renal function has 
further clarified what constitutes a normal response. The range of variation is not excessive. 

Calculating the rates of excretion on the basis of the ferrocyanide remaining within the 
body rather than the total dose of salt reveals that the rate of excretion is remarkably* 
uniform throughout the period of study*. 

In hypertensive arterial disease without other evidence of nephritis, the glomerular 
function is early and clearly* impaired. This depression is most conspicuously* manifest 
daring the first hour of excretion. The curve of the porceutages of excretion in hyperten- 
sive disease is characteristic and suggests that occult glomerular injury depreciates the 
capacity of the glomeruli to excrete certain solutes promptly. Tho etiologie relations of 
these phenomena to hy'portcnsivo disease are briefly* considered. 

The final evaluation of the usefulness and clinical applicability* of the test of 
glomerular function with sodium ferrocyanide can come only after extended investigation, 
but the present report clearly* confirms the impressions gained in the preliminary* studies 
and emphasizes its potential value in clinical study* of the relation of glomerular injury to 
bypertensive disease. 

roCAli INTECTION and Systemic Disease, Belmanni, H- A., and Havens, W. P. J. A. M. A. 
114: 1, 1940. 

A review of the case against routine extraction of teeth and tonsillectomy for the pur- 
pose of preventing or curing systemic disease shows that the experience of twenty-five years 
M not justified tho practice in the minds of many* who have given the matter careful thought, 
I'be reasons advanced in favor of tho procedure lack controlled clinical and experimental 
Bopport. By comparing tho occasional benefit obtained n-ith tho dangers incident to opera- 
tion, one is led to recommend the procedure only* in exceptional cases when, evidence of actual 
local disease is present and its relation to remote or sy.stemic disease is probable. 

If abscess or chronic infection around a tooth is present with reasonable certainty, or 
« the tonsils arc actually infected and give rise to repeated attacks of illness, there is no 
question, that surgical measures are necessary in treatment of the local condition. But, in 
the light of present knowledge, tho removal of such local infections in the liopo of influencing 
rcuiote or general symptoms and disease must still be regarded as an experimental procedure 
devoid of hazard. 

It may be said, therefore, that (a) the theory of focal infection, in the sense of the 
erui used here, has not been proved; (b) the infectious agents involved are unknown; (c) 
groups of persons whose tonsils are present are no worse than those whose tonsils are 
(d) patients whose teeth or tonsils are removed often continue to suffer from the original 
'Case for which they were removed; (e) beneficial effects can seldom be ascribed to surgical 
procedures alone; (f) beneficial effects, which occasionally occur after surgical measures, 
often outweighed by harmful effects or no effect at all; and (g) many suggestive foci 
infection heal after recovery from systemic disease, or when the general liealth is im- 
with hygienic and dietary measures. 

DISEASE, Eapla Presumptive Serological Test for, Browu, H. C. Brit. M. J. 

16, 1939, p. 1183. 

slil test for Weil’s disease essentially consists in rocking to and fio on a 

f« tea minutes smaU quantities of varj-ing dilutions of the patient’s serum in the 
f sence of a heavy suspension of L. ictcro-haemorrhaffiae; this saline suspension is formolized 
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to a conceatratioa .of 0.2 per cent. Tlie preparation of a suitably concentrated antigea for 
this test is not a simple matter, as Leptospira cannot be easily thrown down by means of 
a centrifuge from the fluid medium in which it is grown. Centrifuging a culture of 
Leptospira in Fletcher’s broth at 5,800 r.p.ni. for half an hour does not cause any obrious 
clearing of the supernatant fluid. 

The results of the rocking-slide method and the macroscopic have been consistently’ 
identical, but in ever-y instance Schiiffner’s technique has given a titer three times higher than 
that obtained by either of the other methods. In order to test the sensitivity of the rocking- 
slide method, two rabbits were inununized with 2 cm. of a broth culture of Leptospira 
administered intravenously. Four days later the sera of these animals were tested by all 
three methods. The macroscopic and rocking-slide methods gave a titer of 1:10, whereas 
Schiiffner’s method gave 1:30, On the seventh day the two former readings were 1:100, and 
Schiiffner’s method was 1:300, and on the tenth day 1:1,000 and 1:3,000, respectively. 

■ It is claimed that the rocking-slide method, given a suitable antigen, will produce a 
result vi'ithin fifteen minutes of the receipt of the serum, and that it is reliable enough to 
justify the administration of curative serum. 


THYKOID, Histology of, in Exophthalmic Goiter and Hyperthyroidism, Hellwig, A. C. 

Arch. Path. 28: 870, 1939. 

Morphologic studies, including special stains of the colloid and of the finer intracellular 
structures, fail to reveal fundamental differences between exophthalmic goiter and goiter 
with hyperthyroidism. Both are variations of a single di.sease. 

Epithelial proliferation and liquefied colloid are the only constant morphologic character- 
isties of toxic goiter. 

Lymphoid tissue alone, without epitlielial proliferation, is not a reliable criterion of 
hyperfunction of the thjTOid. 

The histologic structure of a diffuse goiter from a patient with the symptoms of exopli 
thalmio goiter is typical in almost all instances. A positive clinical diagnosis can amos 
always be made from the slide, even after iodine medication. 

Hyperthyroidism is caused not only by nodular but also by diffuse colloid goiter. 
clinical term “adenomatous goiter with hyperthyroidism” should, therefore, he replace 7 
“hyperthyroidism.” 

Microscopic study of nodular goiter does not allow a histophysiologic diagnosis, 
and nontoxic nodular goiter are clinical, not anatomic, diagnoses. 

The pathologist should use anatomic terms in describing the histologic clianges obs 
in goiter specimens. 

The universal adoption of an international classification of goiter is recommen 


VITAMIN A in the Blood of Normal AdiUts, Steininger, G., Roberts, 1. L, and Brenner, S. 

J. A. M. A. 113: 2381, 1939. 

Semiweekly determinations were made of the amount of vitamin A and study- 

blood of four experimental and one control subject during a four months of these 

The conclusions from these data were supported by those from single delermina 
constituents in the blood of 34 adults, one-half of whom had received a 
vitamin A. Biophotometer readings were made of these subjects during t le ep 
and of 31 of the other subjects. . is 

The results of the study show that the amount of vitamin A in the 
dependent upon the amount in the diet. While the evidence as to whether or no 
tions of the vitamin A in the blood are of value in judging nutritiona s a 
dictory, the data show that consistently low fasting blood values indicate a ^ 
body stores of vitamin A are being depleted, and very high values indica e ‘ 
of vitamin A is adequate. The results fur-tlrer show that there is no corre > 
amount of vitamin A in the blood and the biopliotometcr readings. 
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HEMOEEHAGE, Chronic, Eeaction of Peripheral Blood and Bono Marrow in, and in 
Essential Thromhopenlc Purpura, Llmariil, L. B., and Schleicher, B. M JAMA 
114; 12, 1940. . . . . 


Acute hemorrliago causes a uniform stimulation of tlie bone marrow with a myeloid 
erjlhroid, and mcgakaryoeytic hj-porplnsia. Tho megakaryocj-tes are of tho adult tj-pe. The 
hyperplastic marrovr promptly returns to oormal. 

Chronic l.eniorrhago causes a similar hyTerpIasia. The megakaryocytes are usually of 
(lie adult type, but there may bo many intermediate ones if the licmorrhage is repeated and 
Hhaustmg. With abolition of the hemorrhages, the bone marrow returns to normal. Plate- 
efs are present in large numbers in the bone marrow and in the peripheral blood. 

^ In essential tlirombopenic purpura ivith hemorrhage there is a similar uniform hyper- 
p asw of the bone marrow. In the more chronic cases without significant hemorrhage the 
myeloid and erytliroid Ii}-pcrplasia may he absent, but the mcgakaryoeytic li>-perplasia persists. 

In essential tlirombopenic purpura the megakaryocytes are of the young form. In the 
acu e p ase the promcgakaryocytes predominate; in the less acuto phases tho adult type 
apprars. Hjalino megakaryocytes, wltich produce the large psoudoplatelcts, hare been found 
on j m essential thrombopenic purpura. Platelets arc reduced equally in the bone marrow 
and in the peripheral blood. 

Splenectomy causes the bone marrow to revert to normal. Unless this reversion is 
ostabhsked, the bleeding episodes continue. 

The view that essential thrombopenic purpura is a disease due to faulty maturation of 
tion.™^^ ^ryocytes is favored. Splenectomy removes a factor which is inliibitory to matura- 


hot j^^®'‘cntial diagnosis of tho symptomatic purpuras from other hemorrhagic states is 

stnd' purpuric states can be made most satisfactorily from bone marrow 

uch studies should lead to a more satisfactory classification of the purpuras. 


NEITmonta, Treatment of, Comparison of Besults With Specific Serum and Sulfa- 
Pyridine, Dowling, H. T., and Abernethy, T. J. Am. J. M. Sc. 199; 55, 1D40. 

rate persons with pneumococcus pneumonia treated with serum showed a mortality 

stilfapy 'd'"^ *^*^^*^' compared with a rate of 11 per cent for 33G patients treated with 

hut rates were essentially the same for bactericmic persons in the two groups, 

Were definitely lower in the sulfapvTidine groups for patients over 40 years and for 
with two or more lobes involved. 

the scrutn, and sulfapyridine arc of great value in the treatment of pneumonia, 

he. believe that conclusions may yet be drawn as to their relative value in 

'tswatme treatment. 


OID VACCINATION, Ihirther Studies of the Intracittaneous Method, Tuft, L. Am. 
J* 11. Sc. 199: 84, 1940. 

intracutaneous typhoid vaccination confirmed the author’s original 
a iaa^k°^ efficacy of this method, both from an immunologic standpoint as well as 

sati^f \ ^®^uetion of complete elimination of annoying reactions. In addition, evidence 
or rs . increase of the protective power of the blood and of stimulation of the somatic 

^O^utiains was provided. 

b.l 5 c ^ these results, it is believed that the intracutaneous injection of 0.1 c,c., 

ordinary typhoid vaccine is the most satisfactory of any of the 
^^tna ad immunization and should be more widely used. A single dose of 0.1 c.c. 

quate for immunization of previously vaccinated persons. 
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PLATELETS, Enumeration of, in Blood From the TJmhilical Cord in Normal Infants, 

Hodge, I. G. Bull. Ayer Clin. Lab., Pennsylvania Hosp. 3: 277, 1940. 

Method; At the time of delivery one clamp was placed on the umbilical cord, which 
was cut between the clamp and the placenta. Hemorrhage was controlled by manual pressure 
applied by the operator to the cord. The cut end of the placental segment of the cord was 
dried with sterile gauze and was held below the level of the perineum in such a way that 
bleeding was profuse. After a short interval 30 c.e. of blood were collected in a parafiin-lined 
50 c.c. beaker. Into a red blood cell hemoeytometer, already containing to tlie 0.05 mark the 
platelet-diluting fluid recommended by Tocantins, blood was drawn from the beaker until 
the column of fluid reached the 0.1 mark. The dilution was completed with the same platelet 
fluid until the mark of 101 was reached. The pipette was shaken gently for ten minutes, and 
the platelets were counted directly in a counting chamber. 

In a small series of 16 infants, satisfactory platelet counts were done on the cord 
blood according to the method outlined. The average number was found to be 278,000 per 
c. mm., with e.\'tremes of 205,000 and 380,000, 


THE Vi AGGLUTINATION as an Aid in the Detection of Chronic Typhoid Carriers, Eliot, 

C, P. Am. J. Hyg. 31: 8, 1940. 

The author summarizes the facts about the occurrence of Vi agglutinins in 490 human 
sera as follows: 

The carrier condition is manifested by' demonstrable Vi agglutinin in the blood in 95 per 
cent of proved chronic carriers examined. 

The typhoid case frequently shows Vi agglutinin in the blood, probably depending on 
the stage of the disease, the severity of attack, and other factors to be analyzed in a 
sequent report. 

The clinically and bacteriologically recovered patient, the inoculated person, and the 
individual with negative history are alike in that they usually faO to show Vi agglutinuis 
in the blood. Three positive Vi cases were discovered in this group and were proved to e 
chronic typhoid carriers by cultural methods. Seven other positive Vi cases are so far un 
explained. 


MENINGITIS, Spinal Fluid Chlorides in, Barnes, H. D. South African M. J. 4: 97, MiO' 

The chloride content of the cerebrospinal fluid of a number of persons with 
has been determined at intervals throughout the course of the disease. Analysi-s o 
results indicates: 

The average chloride of the severe eases is reduced to significantly lower values 
is that of the mild. . , 

The likeliliood of death does not appear to be greater in the cases with lower c 
content of the fluid obtained at first puncture. The degree of association between tie e^ 
of reduction of the cMoride in the first fluid removed and the subsequent seven y 
disease is of doubtful significance. 

The chloride curve in pneumococcal meningitis shows no tendency to rise. luting 

"When chloride values are within normal limits or, if initially low, the 
subsequent days, the disease is likely to run a mild course, and conversely. J® 
of death supervening, however, is not significantly greater if the curve falls uri 
few days. 

BLOOD: The Choice of an Anticoagulant, Napier, L. E. Indian J. M- Bescarcl 

1939. 

Packed cell volume estimations were done in duplicate on 50 samples of 
from various sources. In one side of the centrifuge 2 mg. of dry' potassium ^ of 

added as an anticoagulant to each cubic centimeter of blood and in ^ 

O.S mg. of potassium and 1.2 mg. of ammonium oxalate. Tlie results are a u . 
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If Wintrobc's factor, x 1.09, to compensate for slirinkago due to potassium oxalate is 
applied in the case of tlio former, the means of the two series aro almost identical. 

It is suggested that this potassium and ammonium-oxalate mixture bo adopted as a 
standard anticoagulant. 

PNEUMONIA, Type Specific Polysaccharide Skin Test in Serum Therapy of, Edwards, 
J. C., Hoagland, C. L., and Thompson, L. D. J. A. 51. A. 113: 1S7G, 1939. 

In 114 cases of lobar pneumonia caused by t}*po I, II, V, VII, \’1II, or XIV pneumo- 
coccus, type specific antipneumococcus rabbit serum was used. The reaction of the patient to 
intracutaneous tests ^\ith the type specific polysaccharide from the capsule of a homologous 
type of pneumococcus was determined before, during, and after the administration of the 
serum. 

One hundred and ten patients gave a negative reaction to the test before serum was 
given, indicating a low content of circulating antibody. The test proved to be a valuable aid 
in the more accurate estimation and control of the optimum dose of serum necessary for the 
successful treatment of the patient. 

In 35 cases daily skin tests with the polysaccharide wore pei formed until the patient 
Tvas discharged from the hospital. In 12 of these cases the reaction became negative before 
the patients were discharged (seven to nine days), and in 23 it remained positive (nine to 
nineteen days). 

In some cases without complications, a positive reaction to the skin test at the time 
of admission on the sixth or seventh day of the pneumonia enabled us to witlihold treatment 
'vith the assurance of the presence of sufficient antibodies to cause a crisis with favorable 
ontcome. Not all patients with spontaneous crises, however, have the excess of free antibodies 
necessary to cause a positive reaction to the test. Some patients with myocardial damage 
or cardiac decompensation need scrum oven though they show a positive reaction. 

A persistently negative skin reaction appears to have some value from a prognostic 
standpoint. In most cases In which a positive reaction occurred after tho administration 
of large amounts of serum tho disease terminated fatally. In such cases the blood agglutinins 
ffete found in high titer. A skin formerly reactive to polysaccharide may lose its reactivity, 
even in the presence of free circulating antibody, when the patient is moribund. A positive 
reaction in a patient with bactcriemia docs not mean that no more scrum is needed. Dermal 
injection of pneumococcus polysaccharides into human beings may indiico subsequent re- 
activity of the dermal cells; this fact is to be borne in mind in studies of skin sensitivity when 
repeated intradermal injections of these agents are involved. 

The polysaccharide skin test is a valuable, though not infallible, means of measuring 
serum required for treatment in a given case of pneumococcic pneumonia. 

SULTAPyridine THEEAPY, Renal Complication in, Tsao, Y. F., McCracken, M. E., 
®hen, J., Kuo, P. T., and Dale, C. L, J. A. At. A. 113: 1315, 1939. 

Five persons mth hematuria were associated with administration of sulfapyridine in 
^ren. Qne qJ patients died of uremia as a result of complete bilateral urinary' obstme 
proved at autopsy. 

Hematuria may occur within twenty hours but may be delayed as long as six days 
^ *®r the initial dose of sulfapyridine. 

The real mechanism of formation of the hematuria is still unknown, but it may be 
"Sociated with formation of uroliths. 

Cystoscopic examination and ureteral manipulation, and even emergency nephrostomy or 
enal pyelotomy with probing of the ureter for possible urinary obstruction by a competent 
should be made when signs of marked urinary obstruction and anuria develop during 
® adminiatratiou of sulfapyridine. 

Since children are probably more susceptible to renal complication in sulfapyridine 
^Cation, more care should be taken during its administration in pediatric cases. 
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PERITONITIS, Primary, in Infants and Children, Ladd, W. E., Botsford, T. W., and 

Curnen, E. C, J. A. M. A. 113; 1455, 1939. 

In the present clinical study of primaiy peritonitis, the benefits of early operation and 
adequate specific therapy have been reflected by a significant reduction in the mortality. The 
details of treatment remain somewhat elastic and, as pointed out elsewhere, not all the 
patients were treated according to our present concept of the most effective procedure. The 
virulence of the organism and the resistance of the patient are two factors in primary 
peritonitis that always play an important role, which is difficult to evaluate in discussing the 
results of any type of treatment. Several cases of pneumococcic peritonitis successfully 
treated with sulfapyridine have been reported recently. This may prove a valuable adjunct 
to the serum therapy of the disease. 

The present program of treatment of primary peritonitis, advocated by the authors, 
follows; 

1. Early incision and drainage of the peritoneal cavity with minimal manipulation. ■ , 

2. Identification as rapidly as possible of the offending organism obtained from the 
peritoneal cavity. 

3. Immediate postoperative institution of sulfanilamide therapy by hypodermoelysis, con- 
tinued by oral administration when fluids can be taken by mouth. 

4. If a pneumococcus is obtained, substitution of sulfapjTidine for sulfanilamide therapy 
and intravenous administration of type specific antipneumococcus serum. 

5. (a) Use of high concentration oxygen and gastric siphonage to relieve abdominal dis- 
tention; (b) maintenance of adequate fluid intake by parenteral and enteral routes; (c) re- 
peated small blood transfusions to combat anemia and hypoproteinemia. 

The high mortality rate in primary peritonitis can be strikingly reduced by early opera- 
tion for recovery of the offending organism and drainage, followed by adequate treatment 
with sulfanilamide in the streptococcic group and with type specific serunr in the pnenino- 
ooccic group. 


OVARY, Theca Cell Tumors of, Collins, 0. G., Varino, G., and Weed, J. C. J. A. A. 

US; 1634, 1939. 

Theca cell tumors are a definite clinical entit 3 ' and, though occurring most frequently 
at the menopause, thej- maj' occur at any age. 

From reported cases and our 2 cases of theca cell tumors occurring in young womenj 
it would seem that theca cell tumors maj' produce menorrhagia in younger women but 
amenorrhea of varj-ing periods is the rule. In women near the menopause, menorrhagia is 

Unless fat stains and special studies are made of solid ovarian tumors, especially w ic^ 
associated with amenorrhea or menorrhagia, a number of theca cell tumors will continue 
be erroneously diagnosed as fibromas. 


ENEUMONIA, Sulfapyridine in the Treatment of, Plummer, N., and Ensworth, H. S- 
J. A. M. A. 113; 1848, 1939. 

An analysis of 270 cases of pneumococcic pneumonia reveals that treatment vit ^ 
p)-ridine resulted in a shortened period of pyrexia, a sterilization of the blood s i®*' ’ 
a low mortality rate. 

Blood determinations for sulfapyridine show an irregular but promp a s 


fail to show a correlation between the blood level and the clinical response. 

The incidence of serious toxic reactions is low. Nausea and vomiting are 
Wliether serum should also be administered, particular!}' to seriously ill pu 
under consideration. ^ ^ jpiBsl 

Examination and t}'ping of any available faacteriologic specimens spa. , is 

or pleural fluid — should not be abandoned. It gives valuable information m 
prognosis, and in possible further specific therapy. 
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CLINICAL AND EXPERIMENTAL 


distribution of free and conjugated Sn-FANILAMIDE AND 
SUIiFAPlTJIDINE BETWEEN CORPUSCLES AND PLASMA IN 
BOTH HUMAN AND RABBIT BLOOD'' 


Lobknz ILov'sns*, Pn.D., Philadelphia, Pa. 


JiV A STUDV of the therapeutic use of sulfauilamide for gonoeoceic infections 
in men* the observation was made that the eoiiccntrations of both the free and 
the conjugated drug were ahnost invariably higher in the corpuscles than in the 
pJiisina. Tills liehavior appears to be out of harmony witli the idea that sulfanil- 
amide is di.strilmted in proportion to the water content of the tissues.’* I pointed 
out that this behavior suggests the possibility of a loose union between the 
drug and something within the corpuscles or in its membrane. 

Furthermore, there appeared to be a correlation between tlie cure for 
gonococcic infection and the ratios of the amount of the conjugated form of 
die drug in the corpuscles to the amount in the plasma. The low ratios were 
associated with positive cures and the high ratios with failures. For these 
reasons, and because of the limited number of the individual observations 
made, and because these observations were all made in connection with only 
type of infection, the study on distribution has been extended to in- 
diiiduals treated with sulfanilamide for different infections, including a num- 
iier of individuals treated repeatedly over extended periods. In addition, 
study was extended to include the distribution of sulfapyridine in man 
mfeeted with different organisms, of sulfanilamide and sulfapyridine in 
normal rabbits, and of these two drugs when added to human Idood in vitro. 
^lethods . — Ilata presented in Tables I and II were obtained from analyses 
made according to the method of IMarshall.^ All other data were 

the Department of Physiological Chemistrj- of Jefferson Medical College. Phlla- 
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prepared from analyses according to the modified procedure of the above method 
by Marshall and Litchfield.'* 

Experimental. — Distribution of Snlfayiilamidc in Human Blood In Vivo . — 
Table I sliows typical examples of the distribution of sulfanilamide between 
corpuscles and plasma in a series of individuals, giving sex, type of infection, 
Hood and plasma levels, volumes per cent of plasma, and i)crcentage of the drug 
in the plasma, volumes per cent of the corpuscles and percentage of the drug 
in the corpuscles, and the ratio of the concentration of the drug in tlic corpuscles 
to that in the plasma. It may lie seen that variation in the distribution of the 
drug between corpuscles and plasma cannot be ascril)cd to either sex or type 
of infection. By contrasting the per cent of drug in tlic plasma and corpuscles 
wth the corresponding volumo.s per cent, one ma}' readily see that in all the 
cases cited the per cent of tlie drug in the corpuscles is noticeably higher than 
the volumes per cent of tlie corpuscles, and that tlie per cent of the drug in the 
plasma is distinctly lower tlian the volumes per cent of tlie plasma, which indi- 
cates a decidedly unequal distribution of the drug bcuwemi corpuscles and 
plasma, and a consistently higher concentration m tlie corpuscles The quantita- 
tive difference in the distribution i.s indicated by the ratios of the concentration 
in the corpuscles to that in the pla.sma, ranging from 1 23 to S.17 for free 
sulfanilamide, from 1.64 to 18.9 for conjugated drug, and from 1.48 to 3.14 for 
total drug. It should be noted that the ratio for conuigatod drug is generally 
high when the level of the conjugated drug in the plasma is low. especially when 
the level in the wliolc blood is relatively high. 


Table II 

\arutiox in Distribution of Free and Conjugated Sulfanilamide Between Corpuscles 
AND Plasma of Blo od op Patients During Trcatsient 

Case 1. Hale — Beta hemolytic streptococcus mfect^on 


PAYS treated 
Ratio of amount in 

jOO ml. of corpuscles 
too ml. of plasma 


Free sulfanilamide 
Conjugated sulfa- 
nilamide 
Total sulfanil- 
amide 


1.98 

0.50 


8 


1.80 

0.71 


1.50 


1.74 

1.14 


0.8(5 

4.25 


8 

1.59 


9 

1.90 

L.'IO 

1.79 


_ D\YS treated 


2 1 

4 

5 1 

0 1 

9 

-I'-Uio of amount in 

Free sulfanilamide 

1.00 

LOG 

2.20 

1.(50 

2.5(j 

ail. of corpuscles 

Conjugated sulfa- 
nilamide 

0.29 

1.29 

0.08 

3.79 


ni'i mi. Of plasma 

Total sulfanil- 
amide 

2.11 

1.50 

1.03 

1.81 

2.(53 


la Table II data from two individuals, one male and one female, indicate 
>pical variations in distribution between coiTiuscles and plasma over a period 
® ^ number of days. "While the picture from Table I is sustained, the data 
show that the concentrations of both free and conjugated drug may at times 
® lower in the corpuscles than in the plasma, and that the ratios of the con- 
centration in corpuscles to that in the plasma for both the free and the con- 
•in^ated drug may vary greatly from day to day with only small changes in the 
[j ® ^01*^ the total drug, and that there is not any indication for any accumula- 
'^n of either free or conjugated drug in the corpuscles 
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Disfrihition of Sulfanilamide in the Blood of Normal BahUis.—Jn Table 111 
data are given to show the distribution of sulfanilamide between corpuscles 
and plasma of the blood of normal rabbits. Three rabbits, Nos. 1, 2, and 4, 
received 100 c.e. of an aqueous 0.25 per cent solution of the drug by stomaeli 
tube twice a daj'- on two successive days, and on the morning of the third 
day. Specimens of blood were drawn for analysis on the third day three and 
one-half hours after the administration of the drug. Number 3 represents 
a composite of blood from three other rabbits. The drug was administered 
to these rabbits on three consecutive days in the manner indicated above. 


imble in 


Distributiox or Pbee and ConjuGATEn SuLrANiOAifiDE Between Corpuscles a.xd Pusn.v 

IN Br-ooi) OP NORiMAL Babbits 


RAB- 

BIT 

PXiAS- 
i MA 

IN PLASMA 

1 CORPUS- 1 
i CUES i 

IN CORPUSCLES 

ratio or Ajrou.vr K 

j 

Kum- j 
faer j 

j 

voi- i 

limes ; 

Free 

Sulf.* 

I Conju- : 
I gated j 
[ SaU. j 



Free 
Sulf. 1 

Conju- ' 

gated 

Sulf. 

Total 

Sulf. 

too ml. of Corpuscles 
100 ml. of Plasma 

per 

cent 

per 

cent 

per 
cent . 

per 

cent 

per 
cent 1 

per 
cent 1 

per 

cent 

i 

per 

cent 

Free 

Sulf. 

Conjn- 
gafed 1 
Sulf. 

Total 
j Sulf. 

1 

2 

3f 

4 

65.S 
65.4 i 
67.1 ' 
73,8 

()5.(i 

65.5 

68.7 

66.4 , 

63.2 
65.6 : 

66.1 

03.7 

64.5 

70,1 

34.2 j 
34.6 I 
32.9 

28.2 1 

34.3 
34.5 

36.3 

mswam 

33.9 
35.2 
35.5 

29.9 

mmsm 

0.9S 

1 1.10 
! 1.04 

B 


»Sulf,=;Sulfanilami()e. ' u 

tNumber 3 represents composite blood from tJiree rabbits, hourly specimens from 
rabbit over an eight-hour period. 


Blood specimens were drawn from each of tliese rabbits at hourly inteiia s 
during the entire third day of treatment. Equal amounts of blood fromoac) 
rabbit were mixed from each drawing, and all eight separate composites 
were then mixed for a final composite blood for analysis, so that this 
composite blood should give a general cross section of the distribution o e 
drug in the blood of three rabbits for a period of eight hours aftei sciem 
days of continuous treatment with the drug. A comparison of volumes pc 
cent of the plasma with per cent of the drug in the plasma and of 
cent of the corpuscles with per cent of the drug in the coi'pnscles indicates ^ 
there is not a large iireiiondeimnce of the drug in the corpuscles. 
which represents a cross section of the blood of three rabbits ov ci a^ 
hour period, shows substantially the same distribution as single spccinvens^ 
individual rabbit.s. The ratios of concentration in the corpuscles to tlia 
plasma show the quantitative aspect of the relationship. On an 
appears to be a slight preponderance of total drug in the corpnsc es, 
is shown to be a composite of a slight preponderance of the fiee 
corpuscles and of nearly equal distribution of the conjugated diug 
N.o. 1 ; of an almost equal distribution of the free drug and a 
ponderance of the conjugated drug in the corpuscles for rabbit M- 
a varying degree of preponderance in tlie corpuscles of both rec a 
jugated drug for the composite blood of No. 3. 
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Distribution of Sulfaptjridine in Unman Blood In l%o._-Table IV shows 
the distribution of sulfapyridine between corpuscles and plasma. The data are 
arranged in the same manner as in Table I for similar data on the distribution 
of sulfanilamide. In general, the distribution of sulfapyridine appears to he 
the opposite of what it is for sulfanilamide, relatively higher concentrations in 
the plasma than in the corpuscles. This may be seen readily from the per cent 
values for the drug in the plasma as contrasted with the lower volumes per cent 
of the plasma, and convei’sely from the per cent values for the drug in the 
corpuscles as contrasted with the higher volumes per cent of the corjniscles. The 
ratios of the eoncenti'ation in the corpuscles to that in the plasma range from 
0.45 to 1.07 for free sulfapjTidine, from 0.0 to 2.24 for the conjugated drug, 
and from 0.38 to 2.99 for the total drug. The ratio is generally higher for the 
free sulfapyridine than for the conjugated drug. Infrequently it is so high 
for the free drug as to indicate a slightly higher concentration in the corpuscles 
than in the plasma. Oeeasionalty an unusualb' high ratio for the distribution 
of the conjugated drug maj’" he observed, showing that its concentration may 
be higher at times in the corpuscles than in the plasma. On the other hand, 
it is more often entirely^ absent from the corpuscles. No correlation appears 
to exist between the type of infection and the distribution between corpuscles 
and plasma. 

Taboe V 

Variation in Distribution ok Free and Conjugated Suekapyridine Between Bwon 
CORPUSCEES AND PLASMA OK TWO PATIENTS 


Case 1, Male — Subacute bacterial endocarditis — Streptococcus n'ridaiiS 

i K ^ ( n i 7 


DAYS TREATED 

2 

3 

C 

7 

s 

Ratio of amount in Ipree sulfapyridine 

ipo 3 sulfapjTidine , 

. p : a .i', ';,'; ■ pyridine , 

0.92 

0.0 

0.88 

24.9 

1.24 

0.72 

0.70 

0.72 

0.81 

■ 

Case 2. Pneumonia with empyema — Pneumococcus infection __ 

ilAYS TREATED 

1 1 

2 1 

f 

— I 


Ratio of amount in Pr^e sulfapyridine 

100 ml. of corpuscles Coniueated sulfapyridine 
100 ml. of plasma Total sulfapyridine 

0.95 


\ 0.93 
0.30 

i 0.80 

■jn 

IB 

H 


That the distribution of both free and conjugated sulfapyridine may 
considerably' from day' to day, and especially for the conjugated drug, 
seen in Table V, which represents data from two individuals over a 
eight and five day's, respectively'. The fluctuation is apparently 
greater for the conjugated drug than it is for the free sulfapy'i’i me.^^ 
there is one exception in each of the two eases, the general rule appea 
sustained that both free and conjugated sulfapy'ridine are more 
trated in the plasma than in the corpuscles, and that this is especn 
nounced for conjugated sulfapywidine. _ 

Distribution of Sulfapyridine in the Blood of Normal Babbits. 

VI data are given to illustrate the distribution of free, eonjnga e , 
sulfapyridine in the blood of four normal rabbits with reference o 
content of whole blood, plasma, and corpuscles, and also wit i le e 










DisTiiiBUTioK OP Free -\nd Conjugated Sulfapyridine Between Corpuscles and Plasma in Blood of Four Normal Babbits 
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distribution on the basis of the volumes of the corpuscles and plasma. Sulfa- 
pyridine suspended in water was administered by stomach tube on the basis 
of one gram per kilogram of body weight per day. Each rabbit receded 
two doses of the drug on the finst day — one in the morning and one late in the 
afteimoon — and one on the next morning. Blood specimens were draira from 
each rabbit three and a half to four hours after the drug was administered 
on the second day of treatment. The water content of whole blood ami of 
plasma was obtained by using weighed 1 ml. portions of blood and plasma, 
warming overnight in an oven at 44° to 45° C., and subsequently bringing 
to constant weight over calcium chloride in a desiccator. Volumes per cent 
were obtained from the volumes of corpuscles and plasma of blood, nhieh 
was centrifuged in calibrated centrifuge tubes 

The first part of Table VI gives the volumes per cent of corpuscles and 
plasma and the grams of water per 100 ml. of blood and per 100 ml. of plasma. 
These figures are necessary for the ealcnlation of data in the lower part of the 
table, which gives the levels of the drug in blood and plasma, the concentra- 
tion of the drug in the water of blood, plasma, and corpuscles, the ratio of the 
amount in corpuscle ivater to tliat in plasma water, and the ratio of the 
amount in a given volume of corpuscles to that in an equal volume of plasma. 

For the sake of comparison the calculation for the concentration of the 
drug in the water of blood, plasma, and corpuscles was made on the assump- 
tion that the drug is held in solution in the water fraction and is not lield 
physically or chemically by components other than water. It can readily he 
seen from these calculated values that neither free nor conjugated sulfapyridine 


is distributed between coi-puscles and plasma in proportion to the water con- 
tent. In each of the four rabbits there is only slightly more than half as laueh 
free sulfapyridine in 100 Gni. of corpuscle umter as in an equal quantity o 
plasma water. For the conjugated drug the ratio of the content in corpuse e 
water to that in pilasma water varies fr'om 0.21 to 0.94. Apart from the eon 
sideration of the water in corpuscles and plasma, the ratios of the amount m 
corpuscles to that in an equal volume of plasma show for each of the mir 
rabbits a ver.v definite preponderance of both free and conjugated su a^ 
pyridine in the plasma. Thus, there is a definite difference in the 
between coriniseles and plasma, which cannot be ascribed merely to the ! o 


ence in water content. 

Distribution of Sulfanilamide and Sulfapyridine in ffvinan Blood 
— ^In Table VII, a comparison is made of free sulfanilamide and 
between corpuscles and plasma of human blood after addition ® ^ 

“in vitro,” giving data from three different bloods for each ^ 

The drugs, dissolved in physiologic saline solution, were added to res 
mens of human blood. These bloods were then mixed thorough j ’ ® ^5 

to stand overnight in a cool place, and mixed thoroughly again. « 
were then made in the usual manner on Avhole blood and plasma. • 

It may be seen from the comparison of the per cent of drug 
and plasma nnth their volumes per cent that the free sulfanilaim e 
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tends to be higher in the corpuscles than in the plasma, and that precisely 
the converse is the case for free sulfapyridinc, results which further confirm 
the preceding data in man. 

Table VII 


Sn-FAKIL-UIIDE AND SULFArYP.IDlNR DISTRIBUTION BETWEEN CORPUSCLES AND PLASMA AFTEP. 

Addition to Human Blood in Vitro 


SPECIilEN or 1 

1 I'ER CENT IN 1 

t VOLUMES PER CENT OF 

BLOOD 1 

i CORPUSCLES 1 

1 PL-VSMA 1 

1 rORPUSCLES | 

PLASMA 

Sulfanitomide 



65.9 1 





76.5 





05.3 1 



Sulfapyndine 

4 

1 24.8 

75-2 

1 27.2 

I 72.8 

5 

2fi.l 

7.1.9 

.10.9 

69.1 

6 

1 27.5 

72.5 

I 34.7 

65.3 


DISCUSSION 

Results based on clinical material, on experimental data from rabbits, 
and on human blood "in vitro’' indicate that sulfanilamide, and especially the 
conjugated form, tends to be distributed in blood in such a way that its con- 
centration is generally higher in the corpuscles than in the plasma. In the 
case of sulfap 3 'ridine the relationship is preciselj* the opposite. The concen- 
tration of sulfapyridinc, and e.spccially of its conjugated form, is usuallj' 
decidedly higher in the plasma than in the corpuscles. 

From the experimental data on dogs^ the conclusion was reached that 
free .sulfanilamide i.s dispersed throughout the body into the various tissues 
in direct proportion to their water content. It has been shown that conjuga- 
tion does not occur in the dog.® The data presented here on human and rabbit 
blood and in an earlier paper* indicate that free .sulfanilamide and sulfapyridinc, 
^vell as their conjugated forms, arc distributed uncrpially between corpuscles 
ond water and in a manner out of Iiarmony with the idea of distribution in 
proportion to water content. A similar conclusion was reached recently by 
^i^c in a report on sulfanilamide in liuman blood. The idea I expressed* and 
the one reeently expressed by Size® that sulfanilamide may be loosely bound 
pbj’sically or ehemicallj” by something in the corpuscles may not be an 
adequate explanation for the difference in concentration in corpuscles and 
piasma. It certainly is not for sulfapyridinc. It may be that the explanation 
1^ to be found chiefly in the difference in the rate of diffusion or absorption 
jbroufih the cell membrane of the corpuscles and other cell and tissue mem- 
branes. 

hile not reported in this paper, the clearance rates and ratios for free 
conjugated sulfanilamide were determined for many individuals under 
treatment, and in a number of cases such determinations were made daily 
during the entire period of treatment. The clearance rate was generally found 
be much higher for conjugated sulfanilamide than for the free drug, con- 
nrming previous reports.*- l « This difference is probably due to a difference 
‘U reabsorption by the tubules, since "in vivo" synthesis of the conjugated 
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form of the drug does not occur in the kidney, but appears to be limited to 
the liver.®' The picture for the conjugated form may be complex, since evi- 
dence has been given recently that conjugation may occur with glycuronic 
acid.” However, whatever the form of combination, the facts about relative 
clearance are unaltered. It seems likely, therefore, that concentrations low 
in the plasma with reference to concentration in the corpuscles or the entire 
absence from the iilasma may be largely explained by a difference in the rate 
of elimination liy the kidney and passage out of the tissues and the corpnsck.s 
into the plasma. This view finds further support from the fact that the very 
low concentration, in, or the entire absence from, the plasma of free and con- 
jugated sulfanilamide is generally found when the total concentration in the 
blood is also low. The explanation for the distribution of sulfapyridine, 
which is precisely opposite to that of sulfanilamide, may also lie ehiefly in 
differences in diffusion or absorption through living membranes. Data for 
the clearance rates of free and conjugated sulfapyridine are not at hand, 
but it is a well-known fact that suIfap3’Tidine is much less soluble than sulfanil- 
amide and that aeetjdsulfapju'idine is decidedlj' less soluble than free sulfa- 
pjTidine. Nevertheless, differences in diffusion rates through living mem- 
branes maj' not be adequate to explain the slow release of all of the drug from 
corpuscles in the blood^ and from other tissues,^- nor does it appear to explain 
satisfactorily^ the distrilration of free sulfanilamide and sulfapjTidine hetu'cen 
corpuscles and plasma of human blood “in vitro.” 


CONCLUSIONS 


(1) In “in vivo” studies sulfanilamide, and especially conjugated sulfanil- 
amide, are generally found in higher concentration in the corpuscles than in m 
plasma of human and rabbit blood. 

(2) In “in vivo” studies sulfapyridine, and especially' conjugated suffa^ 
pyridine, are generally found in higher concentrations in plasma than in i 
corpuscles of human and of rabbit blood. 

(3) Addition of sulfanilamide and of sulfapyridine to human blood m 
vitro” results in distribution between corpuscles and plasma in the same nmnnei 
as stated for “in vivo” studies under (1) and (2). 

(4) Relative concentrations of sulfanilamide and of sulfapyridine 
their conjugated forms in corpuscles and plasma vary considerably 

to day, and there does not appear to be any' tendency to accumulation o 
form of either drug in either coi-puscles or plasma. 

(5) Sulfanilamide and siilfapyr-idine and their conjugated foinis 
distributed between corpuscles and plasma of human and rabbit bloo m P’ 
tion to the water content of these blood components. 

(6) The type of infection or the influence of sex does not seem to 
effect upon the distribution of sulfanilamide or sulfapyridine between eoi 


and plasma of human blood. 


T wish to express my appreciation to Dr. W. A. Kreimer 
to ProfLsor &orge B. Bancroft for encouragement and suggestion.^. 
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A NOTE ON THE LEVEL OF GLUCOSE AND OF NONFERMENTABLE 
deducing SUBSTANCES IN THERAPEUTIC INSULIN SHOCK* 


AV. H. Forues and T. Czarski, Baltimore, JId. 


|N THE literature published prior lo 1933 or 1934 it is generally stated that 
hypoglycemic shock occurs when tlic blood sugar falls below 45 mg. per 100 
of blood.^ This figure refers to the blood sugar as determined bj’ one of tlic 
methods which are in common use in clinical laboratories and not to be “true 
glucose ’ or, more precisely, tlie fermentable reducing sub.stances in the blood. 
The fermentable reducing substances, obtained from the difference in the re- 
(lucing power of the blood filtrates before and after fermentation, run from 10 
to 30 mg. lower than the blood sugars as commonly measured.^* " These 10 to 
mg. represent tlie reduction due to nonfermcntable reducing substances, most 
of which come from the corpuscles. It lias been found that the amount of these 
substances is independent of the level of the blood sugar from 50 mg. to 550 
I"-'''’* and our observations show that even when the glucose is pushed down 
below 10 mg. the nonfermentable reducing substances remain unchanged in 
amount (Table I). This table also shows that though these substances do not 
with changes in the level of glucose, they do change markedly witli rela- 


llie ‘he Department ot BioIoElcal CheralstiT of the J»hns Hopkins Medical and 

^ooratorj* of Internal Medicine of the Henry PhIpps Psychiatric Clinic, Baltimore. 
Received for publication. June 22, 1939. , 

but this paper the figures will refer to •'milligrams per 100 c.c. of blood, 

expression will be abbreviated to “mg.” 
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Table II 


"True Glucose,” i.e., Fermentable Reducin'g Sobstakces in* Schizophrentc Patients 
■\V iTit Therapeutic Insulin* Shock 


DVTE 

Sl'nJElT AND TREATMENT 

1 

METHOn A. 

1 CALCULATED 
*‘TRUE 

1 GLUCOSE” 
(=: BLOOD 

1 SUCAK - 
14 MO.l 

1 METHOD B. 1 
CALCULATED 
“TRUE 1 

glucose” 

(= BLOOD 1 
SUGAR - 
4 MG.) 

1 

AVER- 
AGE 
• ‘ TRUE 
CLU- 1 
COSE” 

CONDITION OF 
SUBJECT 
WHEN SAStPLE 
WAS TAKEN 

ihy 4 

Males 

'H. Befori* inisulm 


Si; 

1 

87 

1 

87 

Fasting and rest- 


■H. 2 lir, after 

55 units 

n 

U 

i 

13 

ing 

Light coma 


H. 4 ]ir. after 

00 units 

7 

a 

7 1 

Deep coma 


S. 2% hr. after 

55 units 

35 

15 

15 j 

Perspiring but 


S. 31^ hr. after 

55 units 

1 

12 

3 

1 1 

: 10 

not comatose 
Light coma 

May 5 

H. 3*^ hr, after 

55 units 

12 ! 

1.3 

! 1.1 1 

I Deep coma 


ffluoride) 

H. hr. after 

55 units 

11 

D 

1 t" 1 

loeep coma 


(oxalate) 

3^* hr. after 

53 units] 

1.3 

7 

1 

; 0 j 

1 

Deep coma 

•tog. SI 

i 

Females 

Pu. 2 hr., 40 min. after 50 units 1 
Ha. 2 hr., 45 min. after 70 units 
Si. 2 hr., 50 min. after 40 units 1 
Re. 2 hr., 55 mtn. after 50 units 
ilo. 3 hr. after 40 units 1 

,Be. 4 hr. after 35 units 

[Ho. 4 hr., 5 min. after 50 units, 


9 

4 

4 1 

5 

8 

10 

ID 

1 

Deep coma 
Moderate coma 
Moderate coma 
Light coma 

Deep coma 

Light coma, re- 
covering 

Light coma 


tively slight changes in the methods of determining blood sugar. For example, 
on January 14, the day of our fii^st experiment, tlie reagents were old. On 
Ending that the nonfermentable reducing substances in the filtrates were 24 
fre.sh precipitating reagents were prepared with the result that in all 
Subsequent experiments this figure was 13 mg. ±3, The fact that not only the 
niethods of precipitation, but also the methods of measuring the reduction, 
in their specificity, makes it difficult to compare the results obtained by 
different observers. Depending upon the methods used, the “blood sugar” irill 
^vceed the fermentable reducing substances by as little as 2 mg., or as much as 
mg. The Folin-Wu method, used upon laked filtrates precipitated with 
langstic acid, measures as “sugar” approximately 15 to 25 mg, of nonferment- 
reducing substances. If 20 mg. is subtracted from the figure of 40 to 50 
which is given in the earlier literature, one obtains a figure between 20 and 
mg. as the probable value of the fermentable reducing substances when shock 
®gins. This agrees, in a general way, with later work, but values outside these 
•'mits are frequently reported. Recent work on human beings and animals has 
® o^vn that during coma it may be much lower : zero in animals'' and 5 mg. in an 
m!ant.« 

The current treatment of schizophrenia by insulin sliocks has afforded an 
"nportunity to follow the total and fermentable reducing sul)stanees in the blood 
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of adults as the ghieose is pushed down to levels whicJi produce coma. tVliiie 
it is not certain that normal individuals would have become comatose at tlic 
same levels of blood sugar as did these patients, there is, on tlie other Iiaml, 
little, if any, reason to believe tliat the level of coma is altered in schizophrenia. 
The interest of our observations lies not so nnicli in the level at wliicli coma 
liegins as in the very low levels to which the glucose can fall without cansiii!; 
tiic death of the individual. 

METHOD 


Blood was drawn from tlic arm vein of a fasting patient before the injeethm 
of insulin and once or twice thereafter, usually at two and one-half or thm 
and one-half hours. Oxalate was used as an anticoagulant in most eases; 
fluoride in a few. The blood was put in the icebox immediately and 
precipitated as soon as was convenient, usually within an hour of drawinir 
the last sample. Two methods of precipitation rvere used, the ordinary Fohii- 
Wu," and the “unlaked” Polin.= The reducing substances rvere measured hj 
the revised Polin-Wu method,® The filtrates were then brought to about pH 
6.5 and fermented for fifteen mimites with rvashed yeast at 35° C. and tlif 
after-fermentation values rvere determined. Blanks and controls were done, 
using the same amount of yeast mixed with water for the blanks and with 
glucose solution for the controls. The controls showed that the fermentation 
was complete in less than ten minutes. 

The results are given in Table 1. The "true glucose” is determined Ip 
subtracting the yeast blank from the after-fermentation figure, thereby gettinsf 
the true after-fermentation imlue (i.e., the nonglucose reducing substances), 
and subtracting this difference from the "blood sugar” (i.e., total reducing 


substances) of the unfermented filtrate. 

It has been foiuid^- •*> ® that the "unlaked” method is fairly specific foi 


the fermentable reducing substances and includes, on the average, 


only about 


3 or 4 rag. of nonfermentalile reducing substances. This is confirnipf b 
the data in Table I. Hence one may calculate the "true glucose” with a au 
degree of accuracy by subtracting 4 from the blood sugar, as measinec b 
the unlaked method. The same thing can be done wdth the laked 
though the amount of nontermentahle reducing substances is larger am^ ess 
certain, averaging in our experiments (except the first) just over 13 
mentioned above. Table II gives the fermentable reducing snhsfances 
later experiments, calculated from the observed blood sugars by sn 
14 for the laked method and 4 for the unlaked. The latter half o 
erives the values obtained from 7 female patients from whoin on)} one 


was taken. 


RESULTS 

None of those whose fermentable reducing substances 
were comatose, and all hut 2 of those under 20 mg. were comatose, n ^ 
her of indimduals i.s too small (18 iii-sulin shoelcs given to 12 patients) 
a very definite figure to the level at which coma begins. psood 

was no elear relationsliip between the apparent depth of the coma an 
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sugar. In general, the samples ^vere taken at the times when the blood sugar 
was thought to be at its lowest point, but there are no means of knowing whether 
we succeeded in getting the lowest point. No untoward aftereffects were seen 
even when the glucose fell below 10 mg. and remained there for an hour or so, 
but in these subjects slight injuries to the central nervous system might well pass 
unnoticed, especially if the.v were diffu.se. This is very near the level at which 
the damage done to the nervous tissue is so serious and widespread as to prove 
fatal. 

SUJIMARY 

The figures in Table I confirm other workers^* *• '* m showing that the glucose 
may be determined with a probable error of ±2 mg. by subtracting 4 mg. from 
the blood sugar, as determined upon an nnlakcd filtrate by the revised Polin-'W’n 
method. 

In therapeutic insulin shock in scliizoplircnic patients the glucose (i.e., 
fermentable reducing substances) may fall below 10 mg. per 100 c.c. of blood 
aud remain there for periods up to an hour without doing liarm of an extent 
sufficient to be obvious in those subjects. Tlic nonfei'innitablc reducing sub- 
stances do not change in amount as the blood sugar falls 

. . lo thank Drs. JI. Hnyni.an and R. AVIInunns .»f the Spimpfield State Hospital 

or help and facilities In obtaining these samples. 
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VITAMIN C STUDIES 


I. The Effect of Vitamix- P 


(Citrin) on Vitamin C Deficient Guinea Pigs* 


Lawrence E. 


Detrick, Ph.D., Max S. Dunn, Ph.D, W. L. McNamara, M.l), 
AND M. E. Hubbard, M.D., Los Angeles, Calif. 


EXTEACT of paprika or lemon juiee lias been reported to be more ef- 
ectiA e in the clinical treatment of increased Avascular permeability than 
crjsta me Aitamin C. 'Iherapentie potency for the treatment of purpuric 
eon itions Avas obserA^ed in the fiaAmnol glncoside “citrin” fraction of lemon 
juice. Citrin healed the increased capillary permeability in 3 patients Avith 
Aasculai puipma, but had little, if any, effect on 4 patients Avitli thrombopenic 
puipuia. It exerted a moderate effect in 7 patients Aidtli infectious disease, 
one person AAuth myxedema and 2 persons AAuth diabetes.* 

Expel imentally citrin aa'os found to decrease the number of hcraorrhage.s 
in scozbutic guinea pigs and izrolonged the surAUAml period from 28.5 days 
m the negath'e control group to 44 days for the animals giA'en 1 mg. of citrin 
ailj . These findings AA’ere not confii’med by the ini'estigations of Zih'a® nor 
could they’’ be maintained Avhen the AAmrk Avas repeated by one of the original 
inA’-estigators.* 


Citi’in, AA'hich Avas originally considered a mixture of flaAmnones, has been 
lesoh ed into its tAAm chief components, hesperidin and eriodictyol glncoside.* 
Eriodictyol glncoside is demethylated hesperidin and is frequently referred to 
as eiiodictin. It is found in higher concentration in lemons than in oranges. 

In this experiment Ave proposed to study the alleged actiAuty of citrin in 
scorbutic guinea pigs as a preliminary investigation to its use in the clinical 
purpuras. A more detailed discussion of the chemistry of isolation, color re- 
actions, and solubilities of these citrin preparations Avill be found in a separate 
paper to be contributed by the Eesearch Department of the California Fruit 
GroAvers Exchange. 


EXPERUIENTAL 

Pour groups of experimental animals (20 guinea pigs each) Avere used 
to test the actiA'ity of citrin preparations 3, 4, 5, and 6 (Table I) during tiic 
months of November, January, March, and June. All animals AA'ere given a 
Sherman-Lamar-Campbell Adtamin C deficient diet. Each experimental group 
Avas subdivided into four subgroups : Gi’oup A, 4 animals, AA'as given 4 c.c. o 
orange juiee daily for an adequate supply of Adtamin C and no citrin; Gioup 

tration* FaSityf Chemistry. University of C.alifomi.-,. and the Veter.-,n.« AdnUnH- 
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4 animals, received tlie vitamin G deficient diet only; Groups C and D, 6 an- 
imals each, were administered different citrin preparations. Citrin in amounts 
equi^nlent to that isolated fi'oni 300 c.c. of lemon juice was administered daily 
either orally or intraperitoneallj’. The animals were weighed twice a week. 
When the physical condition reached the stage where death secnied imminent, 
they were killed and studied for the extent and severity of hemorrhagic 
lesions. 


Table I 

Pnoi'EUTiRs OF Vapjous Fr.\ctions of Vitamin P 


I.'solntcJ by C. W. Wilson 


PRErARA- 

TiOX 

MJJIBEF. 

COLOR 

FORM 

MELTIUG 

I’OINT 

ao/uc 

ACID 

RCACTIOX 

Fe cl, 
REAlTION' 

A mi 
% 

Ba 

LEAD 

L Bssa? 

(Hes- 

peri- 

din) 

U'liite 

Microscopic 

ucedle.-'i 

257*J 

(Becomp.) 

None 

W'eiik 

None 

None 

None 

1’. B-5S38 

Pale yel- 
low 

Microscopic 

needles 

254-() 

(Becomp.) 

Slight 

None 

U.25 

Small 

None 

V B-5852 

Bright 

yellow 

Short 

micro- 

scopic 

noodles 

211-45 

(Becomp.) 

+ 

Knicrahl 

green 

tut) 

Small 

None 

1." B-5917 
W.S. 

KeUUiah 
orange 
glass be- 
fore 
vacuum 
drying 



+ + 

Dirty gicen. 
browu with 
excess 

2 1 

Large 

None 

J.' 8-6226 
W.S. 

Ureemsh 

brown 

cliiefly 

amorphous 

few 

cr>*stals 


+ + 

Dirty green 

II.G5 



ti-* B 0229 

fiolclen 

yellow 

Amorphous 

hygro- 

scopic 


i- + 

Dirty green 

10.70 




‘Preparations teatcO. 
W.S. = Water soluble. 


Citrin preparations 3 and 4, administered by mouth or injected intra- 
pentoneally during the months of November, January, or March, did not pro- 
the life or ameliorate the hemorrhagic symptoms of scurvy. Twenty-five 
pel cent of these animals, other than the positive control groups that were 
^nen orange juice, developed idcerous lesions in the stomach. The stomach 
esions were of two types; one was round, with a clear gelatinous edge, and 
'aned in sj^e from a pin point to the size of the head of a common pin ; and 
c other was moth-eaten in appearance, irz'egular in shape, occasionally 
1 lucated, with opaque white edges, 

Citrin preparations 5 and 6 injected inlraperitoneally into guinea pigs 
the month of June did not affect the hemorrhagic diathesis of scurvy. 
3lei-solubIe preparation 5 ameliorated the physical deterioration of the 
aiiimals during the last days of the experiment. Preparation 6 showed no 
eadency to prolong the life of the animals. Fig. 1 gives a graphic illustra- 
'0^ of the effect of preparations 5 and 6 upon the body weight of the June 

animals. 


686 


THE JOURNAL OF LABORATORT AND CLINICAL MEDICINE 





COMMENT 

Our observations are in agreement ivith those of other investio^ ® 
in that citrin neither decreased tlie hemorrliagie condition of scm 
prolonged the life of the animals. In onlj’' one group (hig- h 
citrin improve the phj’-sical condition of scorbutic guinea pigs- Since 
lesions appeared in 20 per cent of the vitamin C deficient animals lun^^ 
tlie months of November, Januaiy, and March, and not a single stoma 
appeared in the June experiment, ive conclude that winter and p,.Q. 

differ in some unknown mannei’. This unknown factor, and 

tected vitamin C deficient guinea pigs from developing stomae i 
acted with citrin preparation 5 to improve the general phjsica 
but had no effect upon the hemorrhagic diathesis of scurvy. 
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Clinically, citrin continues to be found effective in capillary wall per- 
meability but not active in tIiroinbo])enia. Furtlier investigations are under 
way in this field. 

CONCLUSION 

Citrin preparations isolated hy the technique of Arincntano and others,^ 
though different in minor respects (details to be published by C. W. AVilson 
and co-workers), did not decrease the liemorriiagic lesions of tlie scurvy 
syndrome or prolong the life of the scorbutic guinea pigs. 

We are indebted to C. W. Wilson, of the Reseai"ch Dop.iitnient of the California Fruit 
Growers E.xchange, for the cnrofiii incnaiation .anil anal^sls of the citrin used in this investi- 
gation (Table I). 
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dwnary prolan excretion during a jienstrual cycle- 


B. B. Bagdy, Jr., jM.D., Catawba Sanatorium, Va. 


decently we reported n clinical inctliod for determining tlic urinary 
prolau excretion during the menstrual cycle of a normal human female, 
utilizing various accepted techniques.^ This paper reports the urinary prolan 
excretion of a normal woman during one menstrual cycle. 

Yarious investigators have found the pituitary gonadotropic hormone 
(E. S. H.) present in blood and urine for a few days of the menstrual cycle 
*u comparatively large amounts, whereas it is practically absent the rest of the 
time. This increased amount usually occurs in the middle of the cycle and 
elieved to be an indication of ovulation; it does not necessarily occur at a 
^’^oUlar time in the cycle. D'Amour^ and co-workers have shown that the peak 
’uay \ary fi-om early to late in the period and that in some subjects there 
•^’uy be hvo separate peaks. 

this experiment both the uterine and the ovarian weights were de- 
^I'niiiied. This was done because Cartland and Nelson^ have shown that the 
a erine weight is a more sensitive indicator for small amotints of prolan, al- 
some believe that if dependence is placed in either ovarian or uterine 
^'^‘guts, positive results may be missed. Drips and Osterberg^ use the micro- 
J^upie appearance of the ovary as an index, but I am not sure that this is 
!!!^«i'ily better. 

Department of Clinical Patholosj'. University of Virginia. 

'•'^ivea for publication, June 28. 1939. 
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I did not attempt to use tlie tivo day — 6 injections technique of Asih- 
heim and Zondek because I had found, from my previous experiment,^ that 
the toxicity of the urinary concentrate due to potassium salts'^ caused rats 
to die during the course of the experiment. Instead I used tlie method of 
Heller,® in which urinary eoncenti-ate is dissolved in 9 c.e. of water, giviii.c 
1 c.e. per dose and 2 doses a day subcutaneously to 21-day-okl female rats. 
The animals were killed on the morning of the sixth day. 

The subject was a nurse, aged 19 years, with a normal menstrual histoiv. 
She had never experienced anj'- intermenstnial pains. 



Fig. 1. 

In order to make the collecting of urine less tedious I used 
morning specimen of urine instead of the tAventy-four-hoiu 
suggested previously.^ This specimen was collected in a bott e con^< 
a small amount of chloroform as a preservative. Ihe ludne 
on ice until the afternoon or evening when it was acidified to 1 1 ^ 
acetic acid if necessaiy and then filtered. Pour parts of ethj a 
added, the mixture thoroughly mixed and placed in the L-eciphatP 

tAventj^-four hours. The supernatant fluid was decanted anc carefal 

collected by centrifuging. It ivas then ivashed twice in jjQ,j disli 

mixing and dried in air. Tlie precipitate Avas placed in a sma 
and kept in the icebox until time for injection. app’O^'" 

TAventy-four hours before use this precipitate Avas ^ tlif 

matelj' 10 c.c. of distilled Avater. Ten cubic centimeters Aieie 
precipitate retained some of the Avater; I found, that this „ pj-gcipitalf 
gaAm me 9 c.c. of solution to inject. Before injection jHjection 

Avas centrifuged and the prolan solution Avas decanted. ^ le ' 
given on the afternoon of the first day, and then an indee given. 

morning and afternoon until a total of nine injections la 
the morning of the sixth day the rats Avere killed Avit i e i • _ ,,jois{enol 

stripped clean, and the fluid, if any, was pressed out on a n t y ^ 

Avith normal saline. The uterus was then J together, 

bottle. Both ovaries Avere then freed of fascia and aa e 



DAGBY: URIKAnV PROLAK PXCRETIOX DURING A JIKNSTRUAL CYCLE 689 


It is of some interest to note tliat none of the rats died during the course 
of the experiment. Tlie results arc shown in Fig. 1. The peak occurred on the 
fifteenth and sixteenth days prior to the next period (the seventh and eighth 
daj's following the cessation of the i>revious period). 

Even though there may 1)C an increase in the exei'ction of estrogen at tlic 
time of the peak, which may cause the increa.se in the weight of the uterus, 
the definite increase in the size of the ovaries at this time shows increase in 
the prolan excretion. 

These results again indicate that it is prohaiily unnecessary to take the 
trouble to weigh the ovaries, since the ntcniic weight appears to he a far 
more sensitive indicator. It seems improhahle that any estrogenic hormone 
could be influencing the result, since the uterine u eight in this patient and in 
aiy prenous onc‘ increases only when the ovarian weight increases. If estro- 
genic hormones were coming through the concentration process, we could 
expect the uterine weight to increase at other times, especially just before 
menstruation, unaccompanied hy an increase in the ovarian weight. 

The cost of the experiment, not including the lime and overhead, was ap- 
proximately $20,00. This is still too expensive a procedure to warrant general 
clinical application, 

SU.MMARV 

The urinary prolan excretion of a normal woman was determined daily 
far one month, on the first morning .specimen, using ovarian and uterine weights 
of immature rats as indicators. Prolan was found on the fifteenth and 
sixteenth days prior to the next mcnsc.s. 

to express my Indebtedness to Dr. AV. E. Br.iy ni-l to Di R J. Main for tlieir 
Msistance and criticism. 
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THE EFFECT OF SULFANILAMIDE ON THE CROSS 
jmatching op BLOOD^' 


Preliminary Report 


Sidney Kreinin, M.D,, Brooklyn, N. Y. 

With the Technical Assistance of 
Frances A. Hamblen, B.S., and Lucy Porcelli, B.A. 


T hough many autl varied are the side reactions to sulfanilamide, fliere 
have been no previous reports in the literature of the effect of the drug on 
the cross matching of blood. It has been our experience that the blood of 
patients who had been given sulfanilamide was difficult to cross match.’ Com- 
munication with the medical department of one of the large pharmaceutical 
houses reveals that they have received many requests concerning such an eflect 
of the drug on the cross mateliing of blood, Imt that no study was available.- 
It was, therefore, decided to determine the effect, if anj', of the drug upo” 


the cross matching of blood. 

Upon admission to the hospital the blood of each patient was typed ami 
cross matched. A complete lilood study — red blood cell and white cell counts, 
sedimentation time, and blood chloride determination — ^ivas also done. Suliaw ■ 
amide 15 gr. to 20 gr. with sodium bicarbonate was given every four hours tor 
a period ranging from forty-eight to sevent 3 '-two hours. Following this a 
sulfanilamide concentration test (Marshall’s method)’’ was done and the 
was reeross matched. Again the sedimentation time and the blood c i on 
were determined. 


comment 

Although the number of cases reported is too few for any final eonclusi 
to be drawn, certain facts are apparent. 

Sulfanilamide per se does not disturb the cross matching of bloo . ^ 

Accepting the sulfanilamide concentration test as an indication o^^^ ^ 
abilitj’’ of the patient to absoi'b sulfanilamide, it was noted that t 
wide valuation in the rate of absorption and excretion of the drug am 
patients. One patient who had received 120 grains of sulfanilanu e ex^^ 

15 rag. per 100 e.c. of blood while another patient, under the same 
none in the blood. A patient who had received 300 gi’ains of t le 
a concentration of 3 mg. while one receiving lOO grains had a conce 


of 18 mg. 

"From the medical and surgical services of Dr. L. 
respectively, at the Swedish Hospital. 

The Winthrop Chemical Co. supplied the sulfanilamide 
The blood was furnished by Mi.von's Blood Donor Agency. 
Received for publication, June 30. 1939. 
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In only two cases was difficulty encountered in the cross matching of 
blood. 

In one case (No. 9) the patient’s serum agglutinated the cells of the 
donor. There was no agglutination when the patient’s cells and the donor’s 
cells were mixed. 

In another case (No. 23) the donor’s serum agglutinated the patient's 
cells. There was no agglutination when the patient’s serum and the donor’s 
cells were mixed. 

In Case 24 the patient’s serum agglutinated the donor’s cells before the 
administration of sulfanilamide. Following the administration of the drug, • 
no agglutination was noted. 

It seems, then, that the inahilit}' to cross match blood following the ad- 
ministration of sulfanilamide is due to changes in the blood brought about 
by the disease requiring the use of sulfanilamide rather than to the drug itself. 
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RELATION OP LYMPHOCYTES TO THE VIRULENCE OF 
PNEUMOCOCCI TYPES III AND VII* 


L. a. Turley, M.A., Ph.D., and Thomas P. Dougherty, M.A. 
OivLAHOaiA City, Okl..\. 


T T IS rather remarkable that our knowledge of the lymphocyte, especia 
* function, is so meager, fragmentary, tlieoretical, and speculative, especu^j^ 
when we consider that tiie total mass of lymphocytic tissue in the body 
than that of all the other hemocytic tissue combined, that the 
the third most numerous cells in the eii'culafing blood, that lyinphocj^e 
present in almost every inflammatory lesion, toxic malignant gio'^ > 
toxic thyroid ; and tliat tlie Ijmipliocyte is the most universal cell in cuen 
fluids. The experimental ivork that has been done bearing on the 
the Ijmiphocjfle has led to such conflicting conclusions that at the 
no definite statement can be made which represents a consensus o 


as to the function or functions of the lymphocyte. ^ pjioe.vtes 

Bergel,^' * from cultural studies, advanced the 
possess a lipolytic ferment. Howevei', Reed,® Caro^’ •' and Wiens as^ jpgp^-er- 
MaeCallum”) take exception to the much accepted ' f ggj.gel. 

dauende, Phagoeytierende Tiitigkeit der Ljnnphocyten” as foun } 

♦From the ■ Department of Pathologj-. University of Okiahoma MeUiral 
This study was made possible by Legislative Research gian . 

Received for publication, July 5, 1959, 
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The possible possession of a lipolytic fcriiicnt has led to many specula- 
tions coneerniiig the role played by the l3'niphoc3'te in health and disease. 
Schaeffer* reported that lymphocj’tes take up fat in the villi and transport it 
to the lacteals. JFany others since Schaeffer have held that the Ij’inphoej’te 
is related to fat metabolism. 9 'Iie statement of Seliaeffer seems rather specula- 
tive and unproved, and what the relationship, if anj', of the Ij'inphocj'te to 
fat metabolism may be is not as j'ct definitelj' determined. 

Naegeli® contends on theoretical grounds that if, as Bergel has stated, 
the lymphocytes have a special function in secreting a lipoid ferment “a 
lymphocytosis should be found in all diseases in which the organism exciting 
the disease contains a lipoid.’* There would seem to be some confirmation 
of this theory in the work of Fukushima** and Takahashi,’® who showed that 
the lipoid isolated from pertussis brought about a lympliocytosis when in- 
jected into experimental animals. Opie,** however, believes that the Ij’mpho- 
cyte contains a protein-digesting ferment which is present only in an acid 
medium. 

because of the scant.v cytoplasm which the cell possesses it has long been 
thought that lyunpliocytes are incapable of phagoeytohis and for the same 
reason that they have little power of secretion. Ilcrt^iog'- recently reported 
that lymphocj'tes are able to phagocytize. This is as yet unconfirmed and has 
Rot been reported under natural conditions, so far as we were able to find. 

Slurphy and his associates*®'-® undertook extensive investigations into the 
relation of lymphocy’tes to resistance in regard to neoplasms and tuberculosis. 
Their results seem to prove quite definitely that resistance to both trans- 
planted cancer cells and tuberculosis is due to the hmiphocytes. It is felt that 
more critical work sliould be done in this regard, especmlly in view of the 
findings of Loeb®* in regard to ti*ansplant studies. Jlany other investiga- 
tions concerning the role of the lymphocyte in relation to tuberculosis and 
to other diseases, such as whooping cough, seem to bear out the conclusions of 
l^Iurphy and his associates with respect to otlicr conditions. But none of 
these authors have given any indication as to the mechanism of this resistance 
factor.* 

because fibroblasts in tissue cultures do better when ly'mphocytes are 
added, CarreB^ believes that the lymphocyte elaborates a growtli-promoting 
^hstanee. Peller®® also reports that lymphatic tissue is related to growth. 

this phenomenon can be better explained on a basis more in harmony 
''■'ith the activities of lymphocytes in other circumstances. 

It has been suggested by Bunting and Huston®*’ and stated by 
daximow,=‘= that there is a possibility that lymphocytes bring about a de- 
nsification of bacteria by affixing or absorbing bacterial toxins. Furthei, 
nnting 27 advanced the hypothesis: “Some mother cell in the lymphoid 
produces antitoxins which are then transmitted to her lymphoeytic 
Progeny.” According to this hypothesis, the lymphocyte would be a passive 
agent carrying a charge of antitoxic substance. Moor and Newport®® have 
experimental evidence that the lymphocyte does have a deleterious effect on 
Pneuinococcic toxins. Thej', as others previously mentioned, feel that this 
a phagocytosis phenomenon or an affixing of toxins. 
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The foregoing citations from the literature prove the chaotic character 
of our knowledge of the function or functions of the lymphoc.ytes and the 
need for exact studies of this subject. 

Our studies were undertaken (a) to ascertain whether or not Ijanphocytes 
do liave any effect on the Aurulence of pneumococci, and (b) if so, to ascertain 
if possible some indication as to the mechanism of this action. 


JIATEKIALS AND METHODS 

The chief difficulty in these studies was to secure a sufficient luimber of 
lymphocytes. Por this purpose tlie tonsils were selected as a source of lyanpho- 
cytes because of the ease of securing this material and the great number of 
lymphocytes in these structures. 

Our method for securing Ijnnphocytes from tonsils is similar to that used 
by Pappenheinier.-'’ Tonsils were obtained immediately following removal. The 
preparation of the suspension took place as quickly as possible in order to avoid 
any immediate postmortem changes. The tonsils were washed several times 
in changes of Ringer’s solution, and those showing abscesses and other evi- 
dences of infection were discarded. Polloiving the washing process, the 
peripheiy of the tonsil was seared with the flat side of a heated scalpel, and 
hot dissecting needles were plunged into the pits. This procedure was earned 
out for the purpose of destroying as far as possible surface bacteria, The 
value of this technique was shown by a noticeable decrease in the num lei 
of bacteria in the resulting suspension over that of untreated material. 

After surface searing the tonsils were again washed in salt solution am 
finally placed in 10 c.c. of sterile Ringer’s solution in an evaporating is ■ 
The tissue was then teased with needles and gentty swirled about in the sa me 
during the operation until the resulting solution was a milky white, 
suspension was centrifuged to remove tissue fragments. The cells veie 
washed twice in sterile Ringer’s solution. , , 

Part of the suspension of lymphocytes was incubated for 
hours at 37,5° C., then filtered through a sterile Berkefeld candle. ^ 
cedure was carried out in order to secure any extracellular metabolite le 
by the lymphocytes. Thus, two solutions were secured ; (1) n 
lymphocytes, and (2) a suspension filtrate. Both these solutions veie 

in the experiments. . ^ 

An enumeration of the lymphocytes found in the suspensions va^^ 

It was found that they varied in number from 3,500 to 

Supravital preparations, using Janus green B, neutral re , an 
cresyl lilue, were examined on a warm stage. The purpose o t 
was to determine the numbers of living and dead cells. about 

criteria were those used by Pappenheimer.““ Movement of obsei've‘t 

the nucleus in a semicircular formation was noted. Centrio es vei^^^ possibly 
dancing about in the cytoplasm and were identified as bemg ^jjocytv- 
the bodies described by GalP® in the cytoplasm of the lnino_^ 
According to these criteria, lymphocytes may be found a iv 
pensions on the third day of incubation and motile maciop Co 
found on the fifth day. 
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Variations in tlie size of tlic Ij’mplioeylcs u’cre noted, nithongh they ap- 
peared to be essentially of the small variety. A fe^Y macrophages were ob- 
served but they arc apparently fewer than exi>ected. Tlie lymphocytes were 
not observed phagocytizing at any lime, even tlioiigli it has been recently 
claimed that they may phagocytizc under certain conditions (Ilertzog'^M. 
Cells were observed which contained large vacuoles, approaching in some 
instances the size of the nucleus. Small o^'toplasmie bodies, similar to those 
described by Downey and 'Wcidcnreich,'*' were seen budding off from the 
living cells and were observed in dry ])reparations. 

A gradual formation of a white floeenleiit preci]>itatc of the suspension 
was noted. The precipitation began immediately and continued until a clear 
supernatant liquor resulted. Upon microscopic cxanimatioii it was seen that 
these white, flecklihc particles were agglomerations of l)acteria about lympho- 
cytes which formed the center or nnelens of such groups. The centrioles of 
the lymphocytes in most eases were very active, hence the coll.s were alive. 
The bacteria in a group adhere to each other and tluis form larger masses of 
organisms. It is interesting to note the agglomeration included all forms of 
hacieria and even spirilla, and that motile bacteria bold in the atTglomerations 
were observed attempting to gain a release from tin* mass. This agglomera- 
tion, therefore, was not specific for any type or species of organism. 

VTiether or not lymphocytes take part in the foiination of agglutinins 
requires further investigation. Tliore is some evidence that lymphocytes may 
he associated with the production of agglutinins (McMastcr and Hudaek,^^ 
Sitnonds and Jones”). Dowen found a decrease of specific agglutinins during 
experimental lymphopenia. Williams and Dougherty^'’' found an increase in 
eomplement following aleurouat injections in the guinea pig. A peripheral 
l}*niphocytosis appears to occur at certain stage.s following the injections of 
aleuronat. In clinical laboratory jirocodurc most diseases in which serum 
reactions have the greatest diagnostic value are characterized by a lympho- 
ejtosis or lymphadenitis. Therefore, in the ob.scrvatioiis in regard to ag- 
glutinins previously noted, the phenomena may be due to a missing link in 
the chain, rather than to positive agglutinogenesis. 

In oiir studies no evidence of agglutinins was found. The phenomenon 
described was an agglomeration and required the actual piTseiicc of the 
bmphocyte for the phenomenon to occur. 

expeblments 

In order to test the activity of the lymphocyte in a more or less natural 
^tate the sputum from pneumonic patients was diluted with sterile noimal 
^3bne and shaken vigorously to secure a uniform distribution of bacteiia. 
he pneumocoeei were typed and their virulence ascertained previous to using 
^he sputum in the experiments. The amount inoculated varied from 0.1 e.c. 

C.C. The total dose of the sputum, regardless of dilution, was made 
''P lo 1 C.C., -^vhieh was the total dosage in all cases. Inoculations were made 
a 1 c.e. tuberculin syringe and a short needle. 

'"Tiite mice were nsed in the experiments because they are extremely 
*"“'Ptible to small doses of virulent pneumococci and because they are so 
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widely used in the laboratory to test the vinileiice of the pneumoeoeei in 
sputum samples. 

Control animals were injected with varying amounts of sputum. Tie 
experimental animals were injected with sputum rvhich had been added to tlie 
lymphocyte suspensions and filti'ates. Two sets of experiments were carried 
out. In one the mixture of sputum and Ijunphocytes was injected immediately 
upon being made up. In the other the mixture ivas allowed to remain in the 
incubator at 37.5° C. for varying periods of time previous to injection. The 
reason for this variation was to ascertain whether or not a time relationship 
at body temperature might affect the results. 

The survival time of the animals was taken as a criterion of the detoxifica- 
tion effect of the lymphocytes. The animals xvere carefully observed con- 
stantly during the day and at three-hour inteiwals during the night. If an 
animal was found dead at the end of a three-hour period, the former period 
was taken as the survival time of the animal. Autopsies were made on all 
animals in an attempt to ascertain as far as possible whether or not death 
might have been due to a puncture of the intestine. Each animal was marked 
with dye, and each group of animals was ke])t separate during the coarse of 
the experiment. All pertinent data were kept as to identification, time of 
inoculation and death, amount injected, and treatment to which the nuxtare 
had been subjected. 


Table I 


AXritAL KO. 
_ 

2 


TYPE 

Control 

Control 

Control 


4 


Control 


5 

6 
7 
S 
9 


Experiment 

Experiment 

Experiment 

Experiment 

Experiment 


Type VII Pxeumococcus 


A.MOUXT IXOrULATEP 
0.5 c.e. suspension 
0.5 c.c. suspension 
0.5 c.c. .sputum 
0.5 c.c. saline 
0.5 c.e. sputum 
0.5 c.c. saline 
0.5 c.c. sputum 
0.5 c.e. suspension 
0.5 c.c. sputum 
0.5 c.c. suspension 
0.5 c.c. sputum 
0.5 c.e. suspension 
0.5 c.c. sputum 
0.5 c.c. suspension 
0.5 c.c. sputum 
0.5 c.c. suspension 


mPUBATiON 


3 hours 
3 hours 
72 hours 
72 hours 


SURVIVAL TIIIE 


7 hoars 
7.3 hours 
4S hows 
48 hours 
4S hours 
4S hours 
l(i hours 


Experiment I. — Type VII pneumocoeens was used in the first 
tion. The mice, approximately 20 Gm. in weight, were all kept sepaia 
ing the course of the experiment. The amount of sputum-lymphocyte 
is noted in Table I. The filtrate was not nsed in this series. The 
period of the sputum and the lymphocyte mixture varied from zero ose 
two hours. The amount of sputum was kept the same in all iuD®'* 
controls injected with lymphoej^tes alone showed no untoward symp o 
as an anaphylactoid response. 

' There is quite a notable difference- in the sm-vival time of the con 
the experimental animals (Table I and Graph 1). The three m 
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survived the interval of forty-eiglit hours were fully as sick as the control 
mice for the first twenty-four liours, after which time they began to improve, 
and about the fourth day were quite as normal in appearance and appetite 
as before the experiment. Jlice 8 and 9 which received the sputum and 
lymphocyte mixture, which had been incubated for seventy-two hours, lived 
only seventeen hours (about 2.5 times as long as the control). It will be noted 
that the animals surviving the forty-eight-hour interval lived approximately 
6.5 times as long as the control. The average for tlic group based on the 
forty-eight-liour interval was thirty-foui* hours. From the above it seems 
evident that the lymphocyte had no deleterious effect on the i)acteria and 
that the survival time in these groups depended on the proportion of living 
lymphocytes pre.sent. 



^^purhnent 11 . — Sputum containing type HI pneumococcus was used in 
t e second set of experiments. The procedure followed was essentially that 
ieh Was used in the experiments with type VTI strain, with the exception 
the bacteria were given treatment with filtrate as well as with the tonsillar 

si^spension. 

The amount of sputum used in the various experiments is noted in Tables 
’ ^ttd IV, and the average suiwival time of the animals in each group is 
“oted on Graph 2. 

The sputum was injected in varying amounts; 0.1 c.c., 0.25 c.e., and 
■ C-C- In each instance filtrate or suspension was added to the sputum and 
placed in the incubator for a twenty-four-hour period. The survival 
Rie of the animals was carefully noted. Control animals were injected with 
^ same amount of sputum as the test animals, with the exception that 
Physiologic salt solution was added to make the total dose 1 c.e. 
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Table II 


ANIMAL NO. 

i TYPE 

amount inoculated 

1KCUBATJ0>’ 

SUKVIVAL time 

1 

i Control 

1 0.5 c.c. .sputum 





0.5 c.c. saline j 

24 hours 

7.5 hours 

2 

, Control 

1 0.5 C.C. sputum 1 





0.5 C.C. saline ’ 

24 hours 

S hours 

3 

i Experiment 

0.5 C.c. sputum 





0.5 c.c. filtrate ! 

24 hours 

12 hours 

4 

Experiment 

0.5 c.c. sputum 





0.5 c.c. filtrate ! 

24 hours 

C hours 

5 

Experiment 

0.5 c.e. sputum 





0.5 c.c. filtrate ! 

24 hours 

S liours 

() ! 

Experiment 

0.5 c.e. sputum 





0.5 c.c. filtrate 

24 hours 

3 hours 

7 

Experiment 

0.5 c.c. sputum 1 

1 




0.5 c.c. filtrate ' 

24 hours ' 

12 hours 

s 1 

Experiment 

0.5 c.c. sputum 



1 


0.5 c.c. suspen.sion i 

24 hours i 

17 hours 

9 1 

Experiment 

0.5 c.c. sputum ! 





0.5 c.c. suspension 

24 hours ' 

17 hours 


Table III 


ANtMAL NO. 
1 

2 

3 

4 

5 
G 

7 

8 


TYPE 

amount inoculated 

INCUBATION 

Control 

0.25 c.c. sputum 

0.25 c.c. saline 

24 hours 

Experiment 

0.25 c.c. sputum 

0.75 c.c. filtrate 

24 liours 

Experiment 

0.25 C.C. sputum 

Q.75 c.c. filtrate 

24 liours 

Experiment 

0.25 c.e. sputum 

0.75 c.c. suspension 

24 hours 

Experiment 

0.25 c.c. sputum 

0.75 c.e. suspension 

24 hours 

Experiment 

0.25 c.c. sputum 

0.75 c.c. suspension 

24 hours 

Experiment 

0.25 c.e. sputum 

0.75 c.e. suspension 

24 hours 

Experiment 

0.25 c.c. sputum 

0.75 c.c. suspension 

24 liours 


SURVIVAI, 

g hour? 
9 lioars 
6.5 hours 
C hours 
15 hoars 
21 hours 
33 hours 
10 hours 


Table IV 


■ANIMAL NO. 


4 

5 
0 
7 


TYPE 

AMOUNT INOCULATED 

Control 

0.1 c.c. sputum 


0.9 c.c. saline 

Control 

0.1 c.c. sputum 


0.9 c.e. saline 

Experiment 

0.1 c.c. sputum 


0.9 e.e. filtrate 

Experiment 

0.1 c.c. sputum 


0.9 c.e. filtrate 

Experiment 

0,1 c.c, sputum 


0.9 e.c. suspension 

Experiment 

0.1 C.C. sputum 


0.9 c.e. su.'pension 

Experiment 

0.1 c.c. sputum 


0.1 C.e. suspension 


[N Ot'B-ATiON 
24 liotira 
24 hours 
24 hours 
24 hours 
24 hours 
24 hours 
24 hour.® 


SURnVAL_fl^ 

9 lionrs 
14 hours 
0.5 hours 
S hours 
30 hours 
30 hours 
27 hour? 
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The individual or average survival time did not deviate materially ac- 
cording to the amount of sputum injected. Hence it may be assumed that 
the lethal dose was sonicwliat lower. The averages presented in Graph 2 are 
based upon the varying amount of sputum injected, although tlie average sur- 
vival time in each of tlie groups is very similar. 

The average survival time of the control animals injected with 0.5 c.c. 
of sputum was 7.5 hours; the filtrate animals averaged 7.3 hours and the 
suspension animals 17 hours, Tlie control animals receiving 0.25 c.c. of sputum 
lived 9 hours; the filtrate group 7.3 hours and the suspension group 24.6 
hours. The control animals receiving 0.1 c.c. of sputum lived 9 hours; the 
filtrate group 7.25 hours and the su.siiension group 2C.7 hours. If the sur- 
vival time of all of the animals in each group are averaged together, it may 
lie observed that tlie control survival time was 8 5 houi-s, the filtrate group 


riLTP.AT&" 

SUSPENSION. 



.5 C.C. SPUTUM .25 CC. SPUTUM .1 C.C. SPUTUM 


Graph 2. — Type III pneumococcus. 

hoiii's, anti tlie suspension group 22.7 hour.s. Thu-s, the survival time of 
fte individual groups closely approximates that of the wiiole. It is also ob- 
served that the animals receiving tlie filtrate of the lympliocyte suspension 
“ , ’'“t live longer than tlie control. The small variation on this number of 
“inmals is not significant. The animals receiving the suspension lived ap- 
proximately three times as long as either of the other groups. 

This experiment, using both the filtrate and tlie suspension, was done to 
“^certain whether the lymphocytes produced some extracellular detoxifying 
‘11 stance as well as to determine whether or not lymphocytes played any 
hurt as a defense mechanism in pneumococcus infection. 

Tom the foregoing data it seems to be evident (1) that Ijmiphocytes 
™ 'lot produce any extracellular substance deleterious to pneumococci 
ype III ; (2) that living lymphocytes rvhen present do have a detoxifying 
power on pneumococci tj-pe III; and (3) that the theory of an inheritance by 
"0 l.'Tnphocyte of a detoxifying substance from “some mother cell,” as sug- 
Swted by Bunting, is untenable. 
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CONCLUSIONS 

A careful analysis of our experiments seems to justify the foliowiag 
conclusions ; 

1. Lymphocytes play a part in the resistance of white mice to the action 
of pneumococci types III and VII. 

2. There was no evidence in our experiment.s that Ij’mpliocytes produce 
any extracellular metabolite which plays any part in the phenomena noted. 

3. No prolongation of survival time occurred in any of our experiments, 
except when the liiuug lymphocytes wei-e present. 

4. The detoxifying action of lymphocjdes on pneumocoeei in onr e.xperi- 
ments was in inverse proportion to the virulence of the type, 

5. Since the exposure of the pneumococci to lymphocytic suspension 
filtrate, and since a seventy-tivo-hour inculiation with lymphocytes did not 
proportionall 5 ' prolong the survival time of the animals {Graph 1), it would 
seem that the iiroteetive eft'cet of ljunphocytes on animals to pneumococci 
was not due to metabolites or products of antolysis of the cells, as suggested 
by Moor and Newport,-’ as a possible mechanism. 

6. A consideration of these data would seem to indicate that the pro- 
tective action of lymphocytes to puciunococci was a quantitative one, de- 
pending upon the inability of the lymphocytes, and that the mechanism was 
one of ingestion and intracellular disposition. 
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PROTECTION AGAINST RABIES*' 


I. The Effect of Pkequency of Dosage of Vaccine Upon Ijuiunity 


James j\I. IMoss, M.D,, Indianapolis, Ind. 


A RECENT article by Blatt and co-workers’ in which twelve deaths from 
rabies were reported has again impressed upon all the necessity of early 
adequate immunization as well as sufficient epidemiologic precautions in 
rabies exposure. 

There still exists some controversy as to the best method of acquiring 
immunity to rabies, especially' in reference to the frequency of administration 
of vaccine. The lack of a satisfactory biological test for rabies immunity' has 
in the main been responsible for the lack of information as to the antigenic 
response obtained in animals. In recent years certain strains of mice hare 
been found by Webster and Dawson= to be susceptible to intracerebral injec- 
tion of rabies virus. This has offered a method of titrating antivirus serum 
against rabies virus. 

We have been interested in determining the antigenic response to a van- 
able number of daily doses of rabies vaccine. Many clinicians feel that the 
administration of two injections of rabies vaccine daily gives rise to a inoie 
rapid immunity. It has been our impression that the reverse might be ac- 
complished by the too frequent administration of antigen. 

experimental 

In order to determine the comparative immunity response to 
frequency of doses, 7 groups of rabbits received a variable number o au 
injections of rabies vaccine. Each of the 7 groups consisted of 9 rabbits. 
first 5 groups I to V received vaccine made by the Harris raetho , v 
groups VI and VII received vaccine made by the Semple process. The 
used was the same as the amount of vaccine administered in human imm 
tion, namely 0.5 e.e. of Harris vaccine and 2.0 c.c. of Semple yaeeine. 
vaccines were prepared and used in a fresh state before antigenic po 
had an opportunity to deteriorate. 

Each of the Harris groups receiimd a total of fourteen subcutaneo 
tions. Group VI received fourteen inoculations of Semple ^ 
group VII received a total of twenty-one injections of the Semp e 
Chart 1 gives the schematic plan of injection for each ‘ 

records the deaths from rabies encephalitis. It is interesting to no^^^ 
this series the number of deaths from encephalitis is roughly m ra 
frequency of injections. 

*Eli Lilly Research Fellowship. Indiana Uni\’ersity School of Medicine, 

Received for publication, July 10, 1939. 
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SCHEMATIC PLAN OF IMMUNIZATION 



cmt> I • 4 DOSES OAIIY FOR i Om.IDOSfSON IHEfOUllTH WV 
CKWP n • Z DOSES OAltYFOft 7 DAYS 
cam D' 2 DQSESDAllYfClR4DAVS.IWSEPAIlYf0ft6DAvS 
CKUP B- 2 DOSES OAllYfOR 2 OAVS.lMSCflAllV FOR I0DAV5 

CPOUP 7- I COSE OAKY FOR 14 DAYS— 

CPOUP El* I DOSE DAIlY FOR 14 DAYS 

CtCiJPVH- lOOSEOAltYFOR 4DAYS.ID0$E WIIYFORODAYS_ 


HimVACCINl 

OScc 


SfMPll VilCTWf 
2 0 a. 


Chart 1. 


RABIES MOUSE PROTECTION TEST 


.llll! 


■imiTi 


75 (iP0l/P7 


llllll 



r£sri}0S£ OF days since START OFIMMtiKIlATlOH 



Chart 2. 


Chart 3. 
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bijiunity tests 

ttlTh "■> *tk, 

and tiventietli’days aftei' the “”<> »'»lmii(ired 

B.-O..PS 11 and m .t S dai T rf °;.f »' 

to limit rariation of animal nesponsi “ 

t™ miSmTrtri doa'oT'”; ti.m.ed agaiusl 

1:99 dilntioii wiih Pm») -n 1 was mixed with 0.02 c.c. of a 

doses The mixtni-,a ^ ininiinal lefliai 

four white miVp mixture was then injected intracerebrallr into 

fhe L“ rl i! h"? All mice that succumbed did so aronml 

day ^ *■ ‘ Si^i’^Tving- mice Avere observed until tlie twentieth 

Twainct -1 ^ protection of the serum from each group when titrated 

hfthe nh,H T f virus. All controls died 

nevppiiUiy ^ r chart the percentage of immunity is determined bj the 

immnnifAr^ f survival.^ Only group VI (Semple vaccine) demonstrates 

the ninth day ^ sixth days. All groups show some protection at 

rviit ^ received multiple daily doses of vaccine through- 

ut, did not respond as rapidly as groups III, IV, V, and VI up to the fifteenth 

o-rnnn ^ is at that point that sufficient response in all the 

ni f 7 ^ allied to protect against livo minimal lethal doses almost com- 
pletely.^ Group VII lias Gie poorest early response. 

j /^^^^l^’^ll^'Ttion begins to decrease in groipis VI and VII as 

ai y , e sixtieth day ; group VI shoivs only 33J^ per cent demonstrable 
pio ec ion, and group VII no protection. In the Harris groups all aninials 
surine at this point. At four months all Harris groups except group 111 
pro ec per cent, while group VI protects 75 per cent. No tests were 
made on groups II and VII at four months. 

^ sing only tivo minimal lethal doses in high dilutions injected intra- 
^ percentage of error may be expected, even though we have 
a 100 per cent mortality in our controls. * 

In 01 del to gain a better comparison of the total immunity obtained, Ih® 

I eec mgs from all groups rvere titrated against an infective dose of sixteen 
nunimal lethal doses. The results are shown in Chart 3. In tliese titrations 
bleedings on the third, ninth, and fifteenth days were omitted. 

Titrating each specimen of serum against sixteen minimal lethal doses 
w e find some protection present as early as the twelfth daj^ in g!’oni>s 
IV, and V. All of the Harris groups show some protection on the twentj-fi'®* 
day. On the twenty-eighth day all groups except I and VI show some pio 
teetion. Only groups W and V show some protection at two months. Protee- 
tion is not demonstrable in group Yj at any time, and there is only 50 per- 
cent protection in group VII on the Hventy-eighth day. 
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It is obvious from Cliart 3 that doubling doses with tlic Harris vaccine 
decreases the antigenic response, diminishes the rapidity of rise of antibody 
formation, and shortens tlic dui-ation of immunity. The attenuated Harris 
vaccine has given a higlier measurable amount of immunity than the killed 
Semple vaccine, with a longer duration of immunity. 

Group V in Table III would seem to demonstrate that liest results are 
obtained from single daily injections of vaccine. 

DISCUSSIOX 

Many clinicians feel that it is advisable to give multiple daily injections 
of rabies vaccine in an attempt to stimulate a more rapid response of anti- 
body formation. Tliis is especially true in cases of bites about the head or in 
close proximity to the central nervous system. The procedure is sometimes 
used when tlie starting of treatment has been delayed for various reasons, 
such ns the reluctanec of a patient to take treatments or the delayed diagnosis 
of the biting animal. 

It has been our conception tliat immune respon.se to rabies vaccine would 
probably resemble that obtained from the administration of certain bacterial 
fintigens. In the production of either tetanus or diphtheria antitoxin small 
doses of antigen administered at longer time intervals give a higher titer 
than large doses injected at more frequent intervals In fact, immune re- 
sponse with those antigens seems to be retarded by Ini’ge frequent injections. 
That the same fact is true with rabies vaccine is indicated by the experiments 
reported here. In Chart 2, w'ith tlic immune scrum titrated against an in- 
fective dose of two minimal lethal doses of virus, all groups show a fair per- 
centage of immunity as early as the ninth and twelftli days. Most of the 
groups are more or less uniform in tlieir rcsjionse at different intervals of 
titration. 

In order to determine the presence of wide variation in response, tests 
\>ere run against a much larger infective dose, namely, sixteen minimal lethal 
(loses. Under these conditions real differences are noted, and as shown hy 
Chart 3, there seems to be some ratio of a more pronounced early immune re- 
sponse with a longer duration of immunity, to decreasing the frequency of 
daily doses. 

The immune response in Chart 3 is greater in the groups that received 
^’aceine made by the Harris method than in the groups that received vaccine 
prepared by the Semple method. This is in accord with "Webster’s^ observa- 
Jious in which he states that ''vaccines in which virulence has been reduced 
'>7 phenol are correspondingly less effective as immunizing agents. 

There is no information at present concerning the amount* of antibodj 
ormation needed to protect against rabies. Yet it seems the method of 
^ oice in immunization would be that which gives the highest early response 
I'ltb the longest duration of immunity. In our series the groups fulfilling 
bese requirements received but one injection of vaccine daily prepared by 
‘be Harris method. 

CONCLUSIONS 

h ■'Administration of multiple daily doses of rabies vaccine seems to re- 

immune response. 
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2. Id our experiments an earlier response with a longer duration of im- 
munity was obtained by single daily doses of vaccine made by the Harris 
method. 

■ J wish to acknowledge my thanks to Mr. W. A. Jamle.son for liis generous advice and 
assistance throughout tins investigation. ^ aaiice ana 
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TRANSFUSION OF BLOOD PROM ARTIFICIALLY IiAIMUNIZED DONOR 
IN THE TREATMENT OP CHRONIC BACILLARY DYSENTERY* 


Robert Turell, M.D,, New York, N. Y. 


T he purpose of this communication is to record the observations ivith 
transfusion of lilood obtained from artificially immunized donors and used 
in the treatment of chronic baeillaiy dysentery. Artificial iinnmnization was 
produced by the injection of a total of 5 c.c. of the recipient’s autogenous 
vaccine into a suitable donor, without apparent ill effects. An initial dose 
of 0.1 c.c. of vaccine was given intracutaneousljL Three daj's later, 0.1 c.c. 
was injected intracutaneously and 0.1 c.c. subcutaneously. Subsequentlj’, 
the intracutaneous dose remained unchanged, but the subcutaneous one iias 
increased by 0.1 c.c. until 0.5 c.c. was given at one injection. 


case report 

Mrs. B. G., 28 }'ears old, was seen in the office on May 0, 1938, hecause of 
diarrhea and loss of weight. In February, 1930, immediately after an appendectom.t,^-^^ 
passed bright blood in the stool. Two years later she had an acute attack of diarrie.^^^ 
three weeks’ duration. Bloody stools were preceded bj' generalized abdomina 
During the spring of the years 1933, 1934, and 1935, she had mild attacks of diari 
episode lasting three months. In 1935 she lost 50 pounds. During the subsequen 
years the diarrhea was persistent, and she had 6 to S bowml movements daily. oridii, 

The family history revealed that her brother died of colitis of undeternuna ^,,^((.1 
and that her mother lias had diarrhea for seventeen years. Her blood serum agg a 
Flexner antigens in dilution of 1:320.^ _ ^ of 

The pertinent points in the physical examination were pallor, ° jofl-er 

weight, and a scaphoid abdomen, with tenderness on moderate pressure in ^ o 
vquadrants. The sigmoidoscopic examination revealed a finely granular an ooverd 

mucosa. At the rectosigmoid, the mucous membrane wms swollen, thickcne , an 
with deep ulcers — a picture of a severe ulcerative colitis. yielded a® 

The bactoriologio studies of the material obtained from these u prepaf'''^ 

atj-pical Flexner dysentery organism, from which an autogenous vaccine 
Eli Lilly and Company. The stool showed numerous leucocytes and erj throe, 

tke Brooklyn 
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Her blood .‘'Orura agglutinated i’Jexner antigens in dilutions of 1;C40 on nine difTerent 
occasions. The blood count revealed hemoglobin 50 per cent (SaliH), 4,770,000 erythro- 
cyte**, 10, .300 leucocyte.*?, of Avhicli segmented polymorphonuclear cells constituted 62 per 
cent; stall cells 2 per cent; lympliocyte.s 20 per cent; eosinophilos 5 per cent, and monocytes 
2 per cent. 

The roentgen-ray examination of the colon, with the aid of a barium enema, showed 
an ulcerati\e colitis iniolving the entire large lioweL There was loss of haustration, 
n.arrowing of the lumen, and absence of the mucosal pattern without irritability. The 
terminal ileum appeared normal. 

The patient was not .seen again until .Sept. 26, 103.S. At that time, she had profuse 
Moody diarrhea, abdominal cramps, and di.stention, and n fever of 103“ F. Two days 
later she was admitted to the Brooklyn Hospital. Although her general condition im- 
proied under supportive treatment and transfn.sioiis of blood, the diarrhea continued 
at a rate of 10 to 15 bowel movements dailv. The stooK were semiformed or fluid, and 
mixed with pus, mucus, and blood. Following the admini--tration of autogenous vaccine, 
tfie frequency of the diarrhea was reduced to 4 to 6 bowel mo%ements daily. 

She was sent homo on Is'ov. 0, 3938. Vaccinorherapy was continued. She showed 
satisfactory improvement, gained 12 pound.s in weight during one month, menstruated 
for the first time in over .si.x mouths, and had 4 to 5 bowel mo\ements daily. The stools 
^ere semiformed or formed. The temperature ranged from 98.6 to .^9® F. 

On Jan. 6, 1939, two months after she left the hospital she developed an upper 
respiratory infection which was as«ociated with a temperature of 102® F.. and sharp 
pains in the wrist, elbow, and shoulder joints. This episode lusted ten days, and was 
iobowed by another one on January 21, and again on February 2. During the last episode 
the diarrhea increased to 8 to 10 bowel movements dally, and the temperature rose to 
IflS,.!* F. in tijQ jntQ afternoon and early evening; .«hc experienced abdominal cramps and 
intennittcnt pain in the joints. During this time vaccinotherapy on two occasions ap- 
peared ineffective, and was, therefore, su.spended temporarily. 

On Feb. 14, 1939, the patient wa.s readmitted to the Brookljm Hospital, and an im- 
iiunotransfusion of 300 c.c. of whole blood wa.s given four days Inter. On the day of the 
iransfusion .she had 4 bowel movemont.s, and continued to have 4 to 5 daily bowel move- 
ments with the e.xception of one day. The temperature remained normal for over a 
"’ooth, but since then has varied from normal to 99.4® F. Her general condition im- 
proved satisfactorily, but the pain in the joint.s wa.s not affected. The blood count four 
^01 s prior to iramunotransfusion was: hemoglobin 08 per cent (Sahli); erythrocytes 
ij3l0,000; leucocytes 20,600, of which polymorphonuclear cells constituted 81 per cent; and 
fne lymphocytes 19 per cent. Three days after the immunotransfu.sion, the blood count 
"as hemoglobin 76 per cent; erythrocytes 3,940,000; leucocytes 7,250, of which the 
I%raorphonuclcars constituted 62 per cent; I>Tnphocytes 24 per cent; and eosinophiles 
per cent. 

To date she has been having 4 to 5 bow'cl movements daily. The stools are either 
semiformed or formed. She is gaining in weight, but a nonproductive cough and pains in 
c left wri^t and right shoulder joints still persist. 

COJIMENT 

'I’lie response of this patient to transfusions of blood was studied in tiie 
of 1938. At that time the donor had given 500 c.c. of plain blood 
l^eptember 29) and later 300 c.c. (October 23). The beneficial results from 
ose transfusions could in nowise be compared with tho.se noted after the 
^finsfusion of immunized blood from the same donor. The effect on the 
^'arrhea was definite and clear-eut. On the third day after the immuno- 
^^n.sfusion, there M'as a drop, perhaps coincidental, in the number of leiico- 
Otfs from 20,G00 to 7,250. The increase in the hemoglobin and the number 

erythrocytes was minimal. 
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My observations on artifieialli'' produced immunotransfiisiou seem to parallel 
those noted from transfusions of blood obtained from patients who recovered 
from baeillarj’ dysentery,-- 

SUMMARY 

Observations are reported on the effects following a transfusion of 300 
c.e. of blood from a donor vvlio was artificially immunized with a vaccine pre- 
pared from an atypical Plexner d 3 'sentery organism isolated from the ulcers of 
the recipient’s colon. 

The practical results obtained in this ease and the theoretical basis of 
this method would appear, in mj-- opinion, to justify an extensive trial of 
this tjqie of immunotransfiisiou in order to determine its proper place in 
therapy. 
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THE EFFECTS OP NICOTINE AND CIGARETTE SMOKE 
ON PREGNANT FEMALE ALBINO RATS 
AND THEIR OFFSPRINGS*’ 


J. M. Essenberg, Ju.stin V. Schwind, and Anne R. Patras, Chicago, Ro- 


introouction 

I NTEREST in the present study was aroused by one of the questions most 
A commonly asked at the embryologie exhibit of Loyola University at dm *' 
cago World 's Fair of 1933-34. The question ivas : ‘ ‘ How does tobacco saw 
affect the unborn child?” . . 

Upon review of the literature on tlie effect of tobacco smoke and ^ 

human beings and experimental animals several limitations were encoun e 
First, the number of studies done on this problem is relatively small 
to other problems of equal importance : this is especially true of sta les ^ “ 
jvith pregnancy. Second, the findings of various autliors are 
to permit the drawing of reliable conclusions. This state of affairs is, a^^^^ 
in part, responsible for the laissez-faire attitude that many 
advising their patients during pregnancy. Third, in many instances ^ m 
of animals used in the expei’iment is too small to gain convinenin 
Fourth, far-reaching conclusions have been drawn by some writeis 
observation of tobacco users but with no specific study of 


animals. This, naturally, has added more confusion to the tobacco F ^ 
When all of the foregoing facts are considered, the conehmmn^J attenti® 
tobacco iiroblem has not been sufficiently studied. It will requne ^ 
of many investigatoi-s before an unbiased answer to 


the question can be 
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Received for publication. July 29. 1939. 


University. Scliooi of Medic n 


aiicafC. 



nSSKNBEnO ET AL. : EFFECTS OF NICOTINE ON PKEGNANT KATS 


709 


The question was ripe at llic time it was put to us. It is more ripe today and it 
may prove to be more serious than is generally recognized. 

SIATERIAI^ AND METHODS 

111 tlie selection of our materials and methods we liavc constantly tried to 
avoid limitations encountered in the literature. This is especially true of the 
number of c.xperimcntal animals. Owing to individual variations, reliable con- 
clusions can be drawn only from the averages of a large number of animals. As 
a further jirccaution wc luivc used litter mates of cxi)orimcntal animals for 
controls. 



Fip. 1. 

We have used albino rats from the Wistar Institute colony. Tliej- have 
Wen with us long enougli to be i)erfectly acclimatized. necord.s of tlio present 
“lony show' that the animals are well fed and arc licalthy. In all instances 
.'oung, se.\ually mature animals were used for experiments. Treatments began 
*'oni the time of mating and lasted until tlie weaning of tiie young. 

Careful records were kept of experimental animals and tlieir young. All 
animals were wciglied evciy second day. Special attention was paid to the 
angtli and the course of gestation, to the general liealtli and longevity of tlie 
animals, and to tlie reaction of tlic mothers toward their young during tlie time 
M nursing, Tlie effect of tobacco on the vital functions, and particularly 
y'*‘ion and respiration, was noted. Tlie effect on liair growtli was also 

onserved. 

'•'•'C first metliod was to subject rats to tobacco smoko that would approxi- 
"•ate human smoking of about a package of cigarettes a day. For this purpose 
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an apparatus was devised as shown hi Fig. 1. Two holes were drilled in tlie 
removable cover of the airtight jar of 6 liters’ capacity. One of the holes con- 
nected the jar with a smoking cigarette and a bearing-valve rubber bulb was 
attached to the other. By the operation of the bulb, the chamber of tlie jar, in 
which the rats were placed, was filled with as much tobacco smoke as one cigaretie 
could furnish at a time. Only one-third of a cigarette was necessary to fill liic 
Jar with smoke. At first three daily exposures were made, but later it was found 
that the same results ivere olitained by a daily, three-minute exposure. For tJie 
first feiv seconds of treatment, respiration ivas noticeably reduced, whicli, liou- 
ever, returned to about normal so that the animals ivoiild make a good many in- 
halations of the smoke. After a few •weeks'’ treatment the hair became ren- 
.yellow, due in all probability to the oombiistioii products of the tobacco smoke. 

The second method consisted in injection into the rat of solutions of chemi- 
caUv pure nicotine. This method ivas used to clieck the efficiency of tlie first 
method. Solutions of various strengths were tested, but the final prochiet used 
urns from 1 -.1,000 to 1:2,000. The injections w’Cre made intraperitoneally or 
subcutaneously, and the amount of the solution used -was from 0.5 to 1 c.c. a day 
per adult rat. Three daily injections -were tried at the beginning of tho experi- 
ment but, as in the case of smoking, this was abandoned in favor of one treat- 
ment a day. 

The immediate effects on the animals of the tw-o methods are very much the 
same, except that the injection of nicotine is more severe. Within a minute afiei 
injection the animals go into the characteristic nicotine commlsions. The amnia 
stiffens and falls on one side; slight xvheezing noises and squeaks are hear , 
rvhieh indicate a type of dyspnea. In a few minutes the violent convulsnc con 
dition passes off but the animal still i-emains on its side or back. If assiste o 
stand upright, it will fall and roll about, or it may suddenly get up an run 
aimlessly and fall off the table. The making of rather lorv sounds or the oun 
ing of the animal during the period of recovery rvill make it jump or go m o cor^ 
vulsions again, all of w'hich indicates the reduced threshold of irritabi i } ■ 
some of the treated animals a temporary stage of diarrhea was noted. 

In the use of the two methods one may suspect that the mechanics of 
meat may be responsible for some of the results. For this reason, 
control animals w’cre placed in the smoking jar for the usual time 
there xvhile the air xvas circulated by the suction bulb. A few of the con^r 
mals received injections of neutral distilled -water. The results o sue 
ment were negative in both instances. 

RESULTS 

Effect on Weight of Young From Treated Mothers. In this 
of both smoked and injected mothers rvere included. Of the iujecteil 

113 young, from smoked mothei's there rvere 393 young, an to 

mothers 199 young. The large number in each group w-as purpose j 
avoid objections, often raised in criticism of former experiments, ai 
out individual variations. The latter, as wnll be shown latei, is o 
importance in this work. 
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Tlic results are represented gmphically in Pig. 2. The Iiorizontal figures 
represent the weights in grams; the veHical figures, the ages of tlie rats in days. 
The condition of the control animals is shown by tlie broken line. The circles 
represent the young from tlie smoked mothers, and tlie dots, the offsprings of 
injected mothers. Kach circle or dot ropresciit.s the average weight of one 
litter. The same is true of the controls plus the fact tliat tlie variations Iiave 
been removed for clarity. 



’■'-presf'n?' record of the youn^ from treate<l and 
I'f’e denotcTo , from injected mothers; circles shoTv' youns 
‘es jounff from control mothers. The variations of the 


control mothers. Black Cots 
from smoked mothers: broken 
litters arc omitted for clarity. 


If will be seen from Fig, 2 that tlie young from treated mothers tend to he 
U'ldenveight side of tlie graph. This is true at any given age of the 

jOUno. ATvr.».«,.: x_i_ .. .1 • n_ _«r _ii *1 tvnnfnri Tnntlipr.t; are 


" ui.uvruuignt 01 tne grapn. inis is iriic cit v/- — ^ 

Approximately two-thirds of all the young from treated mothers are 
^aeru-eight. The young from injected mothei-s are slightly more underweight 
those from smoked mothers. 


-'^fcofinc Injection of FemciJes During Pregnancy and Lactation. A sepa- 
e series of animals in. litter-mate groups were used for this experiment. Each 
Was divided as eriually as it was feasible into control and experimental ani- 
^ which there were 33 females in the experimental group and 20 in the 
ontrol group. In. each ease treatment of the female began at the time of mating 
la5ted until the end of lactation. The males were not treated. The nicotine 
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solution used was 1 :1,000. Pei’liaps the best way to report on these ex])ei'iments 
is to present the lalioratory records of a representative number of litter-mate 
groups. The records of five such groups, taken at random, are as follows: 

First group of 3 litter mates; 

1. Female Al, died after forty -three days of injection; progressive 
increase of weight up to a certain point indicated pregnancy, but there 
was no deliveiy. 

2. Female A2, delivered 7 young; raised only 3 beyond seven days; 
all were underweight. 

3. Female A3, increase of wciglit indicated pregnanej', but there 
was no delivery ; this was followed by extreme emaciation. 

Second group of 4 litter mates: 

1. Female A23, delivered 5 young; 2 died within five days; all 
were dead within eight days. 

2. Females A24 and A25, showed pregnancy weight increase, but 
there was no delivery. 

3. Female A26, delivei-ed 4 offsprings forty-two days after mating; 

2 of tliese were dead by tlie third day and the last 2 died on the si.vth 
day. 

Third group of 4 litter mates; 

1. Female A15, delivered an amorphous fetus and some liemor- 
rhagic material; the female died five days after delivery, 

2. Female A16, showed the regular increase in pregnancy weight, 
but died shortly liefore the time of delivery; on autopsy the uterus uas 
found to be filled with gangrenous fetuses. 

3. Female A17, delivered 5 young; 2 of these were stillbirths and 
the other 3 died on the fourth day. 

4. Female AIS, delivered on the forty -sixtli day; the young ueic 
apparently normal. 

Fourth group of 4 litter mates : 

1. Female A4 died after twent 3 ''-six days of injection; there uas no 

appreciable vveight increase; earlj'' resorption was suspected. ^ 

2. Female A5, delivered 7 young; 5 were dead by the fifti 

and all by the ninth day. , 

3. Female A6, delivered 3 young; 2 survived but were un 

weight. _ , 

4. Female A7, delivered 6 young; 4 survived, all were un 

weight. 

Fifth group of 3 litter mates; 

1. Female AS, died during the latter part of pregnauci. 

2. Female A9, delivered 5 young; aU died within six a)s. 

3. Female AlO, failed to deliver young. 

Of the 30 control females one failed to deliver. All othei littc 
trols delivered normally and raised healthy young. 
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The results from all injected females may be summarized as follows: 

1. The per cent of females losing one or more of their young be- 
fore weaning was G3.3. 

2. Tlie per cent of females losing all of their young before weaning 
was 33.3. 

Females Exposed to Tobacco SmoJ:c During Prcgnancij and Lactation . — 
Owing to the gi*eater variability of results in this series, a larger number of 
animals seemed necessary. In all, 74 females were exposed to tobacco smoke. 
Litter mates of these served as eonti’ols. As in the former series, treatment 
was started immediately after mating. For comparison, the laboratory rec- 
ords of three groups of litter mates, taken at random, are presented. 

First group of 4 smoked females: 

1. Female B20, delivered 9, raised only G; all w'cre underweight. 

2. Female B21, delivered 6, raised 4; all wore undeiweight. 

3. Female B22, gave birth to 8 young, of whicli 4 died and the 
remaining 4 w’ere underweight. 

4. Female B23, delivered 5 and raised 2, apparently normal young. 
Second group of 3 smoked females: 

1. Female B4, gave birth to 9 young; all were underweight. 

2. Female B5, delivered 5; all were underweight. 

3. Female BG, delivered 4; all were underweight and dead by the 
sixth day. 

Third group of 3 smoked mothers: 

1. Female B65, delivered 7; one died the first day; all were under- 
weight. 

2. Female B6G, delivered 4 ; one died at 21 days of age 

3. Female B67, delivered 7; all were underweight. 

From the foregoing records it is apparent that the smoked mothers and 
tl'cir progeny fare considerably better than the injected animals. The results 
be summarized as follows ; 

1. The per cent of females losing one or more of their young 
before weaning was 2S.3. 

2. The per cent of females losing all of their young before the 
weaning period was 13.5. 

Pcmnlc .5 Exposed to Tobacco SmoU Prior to Mating.— This experiment was 
“Signed to check the latent effects of tobacco smoke on the motlicrs. It was 
desired to treat the females prior to the development of the mammary gland 
for lactation. If, in so doing, anomalous development of the young can be dom- 
"istrated, tlie injury must reside in the organs other than the mammary gland. 

For this purpose 6 females were selected and exposed to daily treatments 
'w three weeks. Upon termination of the treatment, the females were mated 
and allowed to pass through pregnancy and lactatioir without further disturb- 
ance. 

Two litters of young were obtained from each female. The results are 

summarized as follows: 

1- The per cent of females that lost one or more of their young 
before the time of weaning was 33.3. 



714 


THE JOUENAIi OF LABORATOKT 


and cunicao medicine 


2, The per cent of mdenveight of the j-otmg was 26, 

MUruttmis in the Bdmaoy of Treated MotUn.-In untreated rat fret, te 
.0 Item amoimt of inborn maternal " responsibility” toward their vota,. raa 

In- t to ‘Z h it h liWiongh very etude, is usaallv made 

L e,r r« t « ““t “<> “'“i" "« 

w t if' , * 11“ 

n motliers are often seen to pick them up and carry 

snffp ^ ^ 7 motliers these stereotyped patterns of behavior 

i,. tlie young mar 

a eie a over the floor of the cage, cold and hungry, without tlie mother 
paying any attention to tJicm. There is a noticeable indifference on the part 
motieis ton aid the nursing of their young. The alterations are more 
eomnion m the in3ected females than in the smoked ones. Tliey nre more 
severe within several hours after treatment. 


Cannibalism is practically untaiorvn in properly fed rat colonies. None 
las oceuiied in tlie control groups during these experiments. In treated ani- 
ma s, lo■ne^el, cannibalism was ratlier common. It is tlic second largest factor 

HI t le 1 eduction of the litter size, death due to weakness and maternal neglect 
being the major factor. 


nothei peculiarity that must be ascribed to the altered matemal behavior 
IS t le negleet on the part of the mothers to sever the umbilical cord after birth 
0 t le ji'ciuig. In sueli instances tlie umbilicus is left to diy in tlie young until 
2 t breaks off of its own accord or is severed by the attendant. In case the 
attendant performs the neglected siu’gieal operation, the placenta, which is 
usually devoured by the mother, is left untouched. The number of such in- 
stances is relatively small, but none have occurred in the controls, 


DISCUSSION 

The weighing of the females and their young every consecutive day ap- 
pealed, at fii’st, to be vmi’y laborious and time-consuming, ymt, as the work pro- 
gressed, it proved to be one of the best diagnostic means at our disposal. Not 
only the weight differences between the experimental and control animals was 
established, but also the course of pj’cgnane.y and the developmental process 
of the young could be followed mathematically. 

The majority of the underweight young were underweight at the time of 
birtli. Some, howevei", were of average weight at tlie time of birth but lost 
weight during the period of lactation. Similar observations have been made 
by Nice,^ Nakasawa,- and Ilofstatter.® Behrend and Thienes* injected nice 
tine into .vouiig rats and obsei'ved a decrease in weight but no marked retaida 
tion in growth. The deei’ease in weiglit was found to be due to the lack o 
fat deposit. Their findings agree with the weight and growth curves of ow 
treated motliers. In the few instances of extreme emaciation of treated fem^ a 
there is reason to believe that it affected more than the fat deposit. The fin 
of Behrend and Thienes ajipW to a cei'tain number of the young that nm' 
underweight. The lack of adipose tissue deposit was indicated by theii 
niness, angularity of body, and wrinkled skin. Tlic majority of the voun^ 
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this group did not oiilj’ sliow these cJiaractcristics but remained smaller in size 
than the controls. We arc forced to conclude that nicotine poisoning varies 
with the age of the animal. 

In these experiments vaginal smears were not taken, and we have no direct 
evidence as to the conditions of cstrus. However, delayed deliveries have oc- 
curred in a number of instances. By this we do not mean a delay of four to 
six days but delays of two or more weeks in duration. The longest delay of 
delivery on our records is two months. This seems to indicate that an inter- 
ference in the reproductive cycle has taken place. Interference with the cstrus 
cycle in rats and mice treated to nicotine has been reported bj' Lee,® Unbehaun,*'’ 
and Nakasawa.* Since Thicnes,"* ® Behrend and Thiencs/ and Stnemmler'’ re- 
port no effect on the cstrus cycle in nicotine treated rats, wc assume that estrus 
disturbances vary with the amount of nicotine administered and the age of the 
animal in treatment. 

Care must be exercised in the appraisal of what wc have designated as al- 
tered maternal behavior. Apparently this syndrome involves both the mothers 
and their young. Wo have found no objective moans by which thc.se two can he 
clearly separated. Tlic disturbances in the digestive, circulatory, and repro- 
ductive systems are interpreted as contribntory but not major causes of altered 
behavior of the mothers. Similarly, the interference of nicotine with the de- 
velopment of the mammary glands and lactation, Hatcher and Crosby,^® 
Nakasawa,® Sodano,^^ and Greiner*" must be so considered. Since nicotine is 
primarily a poison of tlic nervous .system (Dixon*^), and since behavior pat- 
terns are chiefly controlled by the nervous system, tlie major injury must be 
neural in nature. That this assumption is correct, is indicated by the excita- 
bility and restlessness of the motliers and the ease by which they can be thrown 
into convulsions. That excitability and restlessness afflict most women who 
have taken to heavy cigarette smoking, is well known to students of the tobacco 
problem (Cainpbeli,“ van Iloosen,*® Greiner, Knopf,*" and Hofstatter*^. 

Individual resistance to the effects of tobacco smoke offers anotlier point 
of comparison between treated rat females and smoking human mothers. Some 
0^ the littcr-mate mothers, receiving the same treatment as the rest, stood the 
exposure to tobacco products with no apparent detriment. Their young were 
roared normally, and tlieir weight was normal and sometimes as good as the 
best of the controls. Tliis was particxilarly true of the gi'oups that were exposed 
to tobacco smoke. Likewise there arc women who smoke continually and rather 
heavily and yet tliey and their offspring remain in what appears to be perfect 
'oalth, Purtlier investigation will disclose whether these mothers and their 
offspring are really well or only apparently so. 

Nicotine poisoning has been found to occur very often in women emploj ed 
the tobacco industry (Klein,*" Sodano**). The case histories of these women 
^^0 of interest in this connection. Such women are Imown to suffer frorn 
^oi\ousne.ss and insomnia; there arc changes in the menstrual cycle and lessene 
sox desire; they have fewer pregnancies and more abortions and stillbirths; 
omaeiation of the young occurs often, and there is a gi-cater infant death rate. 

It will he seen that the parallelism between the histories of women em- 
of the tol)aceo industry, and those of our treated rat is strikingly 
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similar. We interpret that a practical answer to the original question can be 
found in the ease histories of women employed in the tobacco industry and in 
the histories of women addicted to heavy cigarette sraoldng, 

SUMMARY 

The following results were obtained in a study of a large number of nico- 
tine-injected and smoked female rats and their offsprings; 

1. Two-thirds of all tlie yonng of treated mothers were underweight; the 
young from nicotine-injected mothers were more underweight than those from 
smoked mothers. 

2. The uuderweiglit group remained underweight during the entire period 
of observation; many of the yonng of this group were undersized and died 
early. 

3. Of the females injected, 63.3 per cent lost one or more young before 
weaning, and 33.3 per cent lost all of their young. 

4. Of the motlrers exposed to tobacco smoke, 28 per cent lost one or move 
of the young before weaning, and 13.5 per cent lost all of their young. 

5. Of the mothers smoked prior to mating, 23.3 per cent lost one or more 
of their young before weaning, and 25 per cent were underweight. 

6. In both groups of the treated motliers, temporary sterility, resorption 
of young in utero, and abortions were noted. 

7. Alteration of maternal behavior was oliserved and consisted of can- 
nibalism and neglect of the young as to care and feeding. 

8. A marked parallelism exists between the treated rat females and then 
young and human mothers and their yonng in cases where the mother is ■' 
licavy smoker or is employed in the tobacco industry, 

9. Individual variation is inucb in evidence. 
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INSULIN SENSITIVITY OF CATS WITH HYPOTIIALAJIIC LESIONS 
AND CATS WITH CERVICAL CORD SECTION*^ 


John R. BHonncK, Pii.D , Chicaco. Im.. 


'~PHE role of the hyiiotlialanuis in tlic control of ('.irbohydratc metabolism 

has been investigalod by moans of in.sulin sensitivity tests, in cats by In- 
gram and Barris,^ and in cats and monkeys by Cleveland and Davis.^ Follow- 
ing the placing of liypotliahiniie lesions with the aid of the Ilorsley-Clarke 
stereotaxic instrument, these inve.stigators found the animals more sensitive 
than normal to the hypoglycemic effect of insulin, and less sensitive than nor- 
mal to tlie liyporglycomie cn’cel of adrenalin or the diabetogenic effects of an- 
terior lobe extract. Ingram and Winter' have recently mentioned similar in- 
sulin hypersensitivity in cats with experimental diabetes insipidus. 

During the study of temperature regulation and experimental diabetes 
insipidus in this laboratory, lesions have been placed in tlie liypothalami of 
a number of cats. Insulin tests were performed on 76 of these animals, on 21 
normal eats, and on 5 cats in which the spinal cord has been sectioned in the 
lower eervical region. The procedure for each test was as follows : 

For the duration of the test tiie cat was placed on a canvas hammock and 
secured there in a side-reclining position by means of an arrangement of web 
straps. This restraint appeared to cause little discomfort, and animals whicli 
had been accustomed to such treatment on several days previous to the insulin 
test showed little excitement and frequently slept mucli of the time during the 
*^xperiment. Control tests showed that during such confinement the blood 
sugar was relatively constant at a level 10 to 20 mg. per cent higher than the 

a\erage fasting blood sugar of unexcited cats. 

-‘Vfter the cat had been on the hammock for at least ten minutes, a blood 
sample was drawn from the saphenous vein. A sterile solution of insulin was 
then injected, usually into the saphenous vein of tlie other leg, although in 
certain tests the insulin was given subcutaneously over the saphenous vein. 
J^tood samples were drawn thirty, sixty, one hundred and twenty, and one 
and eighty minutes after insulin injection, and blood sugars (total 

n='rom the Institute of Neurology. Northwestern University Medical School. 
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reducing- substance) were estimated the Eandles and Grigg-* modification of 
the Polin-Wu technique, using 0.5 c.c, samples of blood. 

Clotting and fermentation wei'e prevented by the addition of a small 
amount of a sodium fluoride and thymol mixture (10:1). The dosage of in- 
sulin was 0.5 unit per kilogram body Aveight: the required amount of commer- 
cial insulin was diluted witli sterile saline solution to a volume of 2.5 to 5.0 c.c., 
depending upon the size of the eat. Some difference observed in the activity 
of different brands of insulin led to the selection of Lilly insulin for most of 
the experiments. The eats were tested after fifteen hours of fasting. 


NORMAL TESTS 


Twenty-two tests Avere performed on 21 normal cats AA'itli 0.5 unit per 
kilogram of Lillj’- insulin injected intravenously. In 19 tests the loAvest blood 
sugar level Avas observed at the end of sixty minutes, AAliile in the other 3 test.s 
the loAA^est level occurred at tlie end of tliirty minutes. Eecovery always took 
place spontaneously, and in 17 tests the final level Avas higher than the initial 
blood sugar. The loAvest level noted Avas 45 mg. per cent; the least amount 
of final recovery Avas that of Cat 3 in AA’hich the final blood sugar level was 
69 mg. per cent, or 87 per cent of the initial level. No external hypoglycemic 
symptoms Avere observed in any of the normal animals. 

The average initial blood sugar AA'as 94 mg. per cent; the average minimal 
blood sugar, 57 mg. per cent; the average final level, 109 mg. per cent. At 
the time of the tests most of these animals had been accustomed to restraint 
on the hammock. 

While this AAmrk Avas in progress a fcAV experiments Avere carried out A^it ’ 
subcutaneous injection of insulin, AA'ith results quite different from those o • 
tained AA-hen the intravenous method of injection AA-as used. A series of contio 
tests Avas, therefore, made in Avhich the same animals AA’-ere tested Avith uhu m 
injected by both routes, Avith at least a week’s interval betAveen the tests. 
experiments shoAved that hypoglycemia following subcutaneous injection 


insulin is more prolonged, that blood sugar reactions are more 


A'ariable, ami 


that loAver levels may be observed than those folloAving intravenous 
of the same amount of the hormone. The results of these tests aie piesen 
in Graph 1. Prom the composite graphs the uniformity betiveen the 
the intravenous experiments is CAddent, Avdiile the blood sugar reactioim 
ing subcutaneous injection of insulin AA’ere consistent only in that t 
glycemia aaus most marked toAA'ai-d the end of the test, Othei 
have suggested that prolonged hypoglycemia may'- folloAv the 
injection of only a part of the dose of insulin AA'hen the remain ei 

given intravenousl.y. _ . .Ucutancoa-'^ 

Three of the 6 cats .shoAA'ed transitory'- hy’-perglycemia folloAAung si ^ , 

administi-ation of the insulin. According to the Aiurk of ggeni? 

these hyperglycemias may be attributed to an impurity in the nisu 
probable that such hy^perglycemias also occurred folloiving ® jlicy 

injection of insulin but Avere undetected in all cases except suh- 

oceurred in the interval betAveen the first and second , , , j^ore P^' 

cutaneous injection of insulin the hyperglycemic effect Avas evi 

longed. 
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Tlic cats on \yliich the tests rc|)orted in Graph 1 were performed liad all 
been carefully adjusted to handlin'; and confinenicnt on the hammock. The 
blood sugar averages for the 7 intravenous tests were: initial, S9 mg. per cent; 
minimal, 55 mg. per cent ; final, 94 nig. per cent. The average final level wa.s' 
lower for these 7 te.sts than for the complete series of ‘22 tests, suggesting that 
emotional reactions played a imrt in the fenninal hypergli eemias observed in 
17 of the 22 c.vperiments with intravenous insulin. The average amount of 
liypoglyccmia, however, was (luitc uniform, averaging 55 mg. per cent for the 
7 tests of Ciraiih 1, and 57 mg, per cent for the entire series of 22 tests. No 
external hyiioglyccmie symiitoms x\cre noted following eitlier intravenous or 
siibcutancou.s injection. 



^ looks’ commented on the variabilit.v of the insulin sensitivity of normal 
fol'i™'* suhcutaneousl.v injected insulin. The more uniform results 

iible '‘'^‘'‘"■enous injection make that method of administration prefer- 
® uhen the reaction of an animal to e.spcrimentally induced hypoglycemia 

be observed. ‘ 


CATS WITH HYrOTHAL-VJIIC I.ESION.S 


bad performed on 76 cats in which hypothalamic lesions 

iusin' b’*'“‘^b^'<5ed for the study of temperature control, experimental diabetes 
tcnih ^''t’bohydrate metabolism.* Operations were performed under 

udne' ™‘^®bhesia, with the aid of the Horsley-Clai’ke stereotaxic instrument, 
declr “ unipolar or a bipolar needlelike electrode for the production of 
madeV*''^ ^bistologic verification of the extent of the -lesions was 

Qf micra sections stained by the "Weil and cresyl violet techniques, 

[u 10 micra sections stained with cresyl violet. 


UTWl,'\'?»r 0( these 
“"“wea their 


cats ■\vero operated upon by Doctors Magoun, Clark, or Alexander, ivho 
use for insulin experiments. 
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The results of the insulin tests may he summarized in this way: TJiiriy. 
nine animals reacted normally. In 2S animals no Jiypoglyeemic symptoms were 
obsei’ved, but tlie amount of blood sugar recovery was less than normal; in 
many eases this could be attributed to postoperative or respiratory iiifeetiom, 
or to malnutrition. Hypogly-eemie symptoms were observed in 9 cats, asso- 
ciated with inanition, infection, or some other complication in 5 of the 9, hit 
appax’ently without complication in 4 eats %vith diabetes insipidus. 


Tabie I 


iKSUtlN SENSmviTV 


Cats tViTji Diabetes Insipidus 
Insulin, 0.5 unitAg. hotly weight 


CAT 

NO. 

POSTOP. 

PAY 


BLOOD 

SUGAR (JIG. %) 


notes 

MINUTES AFTEU INSULIN 

0 

30 

60 


ISO 

A 6 

S3 

100 

68 

58 

51 

54 

Partly sabcutaneons 


117 

89 

69 

55 

69 

99 


All 

100 

105 

70 

65 

62 


Syraptonis of shock 

A13 

71 

122 

89 

71 

37 

38 

SyiuptoBis of shock 

A15 

78 

86 

64 

71 

70 

107 


A16 

77 

110 

85 

53 

59 

44 

Symptoms of shock 








Subcutaneous lasuhn 

A22 

lOG 

140 

105 

77 

5S 

7.0 


A64 

156 

127 

78 

75 

69 

101 



162 

89 

71 

60 

65 

90 


A66 

156 

88 

66 

48 

48 

76 


A70 

155 

103 

S3 

50 

88 

115 


ASS 

62 

160 

117 

73 


35* 

Symptoms of shots 

A90 

61 

112 

38 

38 

89 

irj’’ 



•lOCf Ktihule sample. 


Diabetes insipidus; Tests were performed on 11 cats lumwii to 
betes insipidus as the result of lesions which interrupted the supraoptieo- n P 
physeal tracts in the anterior hypothalamus (Fisher, Ingi'ain, and 
The insulin experiments were cari’icd out between postoperative days 
162, when the animals were in good physical condition and weighed more 
at the time of operation. The data from the tests are reported in Ta s ■ 
of the 11 cats (A6, A15, A64, A66, A70, and A90) were no move s^ 
than normal to the hypoglycemic action of insulin, while in Cat -- 
was somewhat delayed, although liypoglycemia was not gjjgffel 

The remaining 4 eats were hypersensitive; Cats All, A13, an 
unmistakable symptoms of insulin shock toward the end of the ^ 
period, although the blood sugar level of Cat All at the time 
appeared was evidently^ not as low as the shock level. Cat A16 " giigj. tlie 
subcutaneous injection of insulin and experienced shock ^ iiijre- 

of the test; two weeks later, however, a test performed with m vav 


tion of insulin gave normal results. 


fiaecidity, relaxation 


of 


The hjypoglycemie symptoms included muscular ^ or «i- 

anal and biadder sphincters, and apathy to ordinary visua , ^!\iitravenond.'' 
taneous stimulation. Injection of sterile glucose solution ei ^ore 

or subcutaneously promptly relieved the sy^mptoms in all 
than one injection was sometimes necessary to effect comp e e 








UKODBCK: INSULIN SENSITIVITY OF CATS 


721 


The lesions of Cats All, A13, A16, and ASS were located in the medial 
part of the anterior tubcral jiortion of tlic hypothalamus in the region close to 
the ventral extent of the third ventricle where the supraoptico-hypopliyseal 
tracts lie. This corresponds closely with the description of tlic lesions reported 
by Ingram and Barris' associated with the disturbance of carliohydrate metab- 
olism: “Bilateral and situated cither close to the walls of the ventricle in the 
region of the filiform nucleus or in the pcrifornical and subfornical regions of 
the anterior hypothalamic zone.’’ 

Other tests: Normal insulin responses were observed after lesions in the 
anterior portions of the lateral hypothalamic areas, after large transverse 
lesions at the level of the chiasma, after large midlinc lesions between chiasma 
and infundibulum, after disei’ctc bilateral lesions in the fornices, or after dis- 
crete lesions in the midlinc at the level of tlie median eminence. There was 
no correlation between disturijanee of lomperaturc regulation and insulin re- 
sponses, and cats in which the paraventricular nuclei were almost completely de- 
stroyed reacted as normal. 


Table II 


Blood Suoau Followikg IUtotiialvmic Lesions 


WEEK 

NO. 

TOTAL 

TESTS 

NO. OF 
eXTS 

1 Br>ooi» sru \RS iv mo 

% 


MAXIilUM 

AVERAGE 

weop. 



MINIMUM 1 



control 

45 

41 

65 

133 

88 

1 1 

15 

15 

83 1 

170 

108 

2 

26 

25 

65 1 

119 

88 

3 

20 

20 

69 

110 

85 


17 

10 

67 1 

119 

' 81 

5 

17 

15 

67 

100 

! 79 


From this series of oxi)criments it was not possible to a.ssign to any hypo- 
^h^lamic structure definite function in the control of earboliydrate metabolism. 
The 4 hypersensitive animals showed similar lesions in tlie medial portion of the 
interior tuberal hypothalamus, but other cats witli lesions in tlie same area 
. reacted normally to insulin; and one animal with destruction of almost the 

■ *^’hiie anterior hypothalamus reacted nomially when tested 19 days after the 
^*^^ond stage of a two-stage hypothalamic operation. 

; To supplement the data obtained from insulin tests, estimations were made 

■ f-'isting (fifteen hours) blood sugar levels of some of tliese animals both 
, ore operation and for a period of 5 weeks after operation. In Table II tlie 

from these analyses are arranged according to the week in which the 
>. csts ^vere performed, with the preoperative control tests listed at the top of 
- series. From a preoperative average of 88 mg. per cent, tlie blood sugars 
^ Ihe cats rose to an average of lOS mg. per cent during the first postoperative 
'\oek and then gradually fell to 79 mg. per cent at the fifth week after operation. 
' ‘^niodiate postoperative rise may be attributed to tlic effect of the opera- 

■ for the minimal as well a.s the maximal blood sugars noted during the 
1st ^ock were higher tlian tlic control levels On tlie other liand, the ultimate 

' the average levels to a figure 9 mg. per cent lower than tlie control 
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average does not represent a tendency toward spontaneous liypoglycemia, for 
the minimal levels were almost the same before operation as during the second, 
third, fourth, and fifth postoperative weeks. The lower average was coincident 
with a similar decline in the maximal levels observed, and probably represented 
a tendency tow’ard emotional stability in the cats as they became more accus- 
tomed to being handled and iilaeed on the hammock. As a result, five weeks 
after operation there w'as less emotional hyperglycemia associated with the tak- 
ing of the samples. These data confirm the observation of postoperative hyper- 
glycemia made by Barris and Ingram® following the production of hj'pothalannc 
lesions, lint during the first five postoperative w’eeks this .series of eats did not 
show' the hypoglycemia wiiich they' described. 


SniNAL CATS 


Insulin tests w’cre performed on spinal cats by Brooks,® but the animals 
he used were operated upon onlv a week previous to the tests and were not 
eating readil.v at tlie time they were utilized for tlie experiments. His results, 
how'ever, indicated that such cats ivere able to recover normally from small 
doses of insulin. 

This observation lias been confirmed by a series of insulin experiments made 
on 5 eats in wdiieh the spinal cord had been sectioned in the lower cervical le- 
gion, the level of section varying from the roots of Co to the caudal roots of !■ 
The animals w'cre operated u])on under ether anesthesia, a segment of the cor 
was actually removed, and the dry operative field was carefully examine o 
assure removal of a complete section.'’'' Histologic examination of tissue ion 
similarly operated eats has shown complete interruption of all fibws m ewi. 
ease. 

Tests w'ere performed three to five weeks after operation when all 
were eating well and appeared to be in good pliysical condition, he 
of insulin was 0.5 unit per kilogram body' w'eight, injected intrai enous j , < 


the cats were fasted for fifteen hours before the tests. 

Pollow’ing this amount of intravenous insulin, lilood sugar 
place normally'. Tlie average initial level wms 91 mg. per cent, tm 
minimal level, 46 mg. jier cent; and the average final level, 92 mg. 

The average initial and final levels compare w’ell with those of t le 

intravenous tests of Graph 1, but the average minimal level was 

lower for the spinal cats (46 mg. jier cent) than for the norma 

mg. per cent). Two of the spinal cats shoived hypoglycemic 

the normal range (67 mg. per cent, Cat K153; 50 mg. pei ]{l61 

although the abnormally' low' levels of hypoglycemia of Cats 

brought the general average 9 mg. per cent below' that of t® 

significance of this diffei’ence is not laiown, although it may c 

disconnection of the thoracolumbar outflow' of the autonomic ® ^ re- 

higher centers of medulla and hypothalamus. The test' 

coveiy W'as as good in the spinal as in the normal animals. u 

are rejiresented in Graph 2. , for 

• — 7 Clark, 

•The animals were opei'ateil upon by Doctors Magoun a t 

by Dr. Clark. 
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AlthougU oxtcnml signs of liypoglycemia were not ol^scvvcd in any noima) 
cats, such symptoms were marked in 3 of the 5 spinal animals. Coincident 
nidi the time of most marked kvpoglyeomia, the respiratory rate of Cat K153 
rose to 300 per minute, of Cat K157 to 264 per minute, and of cat K15S to 
360 per minute. Panting was vigorous and sustained, there was increased 
saKvation, muscular flaccidity, and apathy to stimulation to such a degree tliat 
(he state of tlie animals resembled mild coma. These symptoms were shonm 
(o a lesser degree by Cat 1C161, hut Cat Kl5r> at)peared and reacted as normal 
throughout the course of the tost, although its hypoglycemia was as marked as 
the others. The respiratory rate of K155 never rose above 28 per minute. 



Graph 2—Blooil sucar rosponsQ.® of spinal cats following mtiuNcnous InsoUn Injection 
ti.Ag. body weight). 

There was no apparent correlation hetwecu the appearaneo of these ex- 
^ernal sjTnptoms and the blood sugar reactions of the different cats, with respect 
“fter to the severity ot tlic liypoglycemia or the amount oi ultimate restoration, 
Spontaneous recovery from the symptoms took place as tlio Wood sugar returned 
‘0 aormal levels. 

DISCUSSION 

Si'ooks® found that spinal animals were able to restore their Idood sugai 
to normal following doso.s of insulin as large as 0.5 unit per kilogram 
weiglit given subcutancousl.v, whereas following larger doses many of the 
did not spontaneously recover. His work further indicated that the 
'Iwacoiambar outflow was capable of some functioning without connection 
higher ecuters, since s]>inal animals in which the adrenals had been inac- 
ivated hj- removal of one and denen-afion of the other died from 0.5 unit per 
P agram body weiglit dosage. Hypoglvcemie symptoms wliich he observed 
mewing, salivation^ pupillary Natation, and defeealion; and "dia- 
panting was fregnently noted. 

data reported here confirm Brooks' work and compare directly the 
11 'll changes induced liy insulin in normal and spinal cats whicli were 
recovered from the citects of the operation. 
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Tlie insulin tests on spinal eats, ho^vever, furnish no explanation of the 
hypersensitivity to insulin which follows some hypothalamic lesions. tYHh the 
same dose of insulin from which the spinal eats recovered, 4 eats with liypo- 
tlialamic lesion,s slioived marked symptoms of imsuHn shock, and 2 of the 4 (Cats 
A13 and ASS) clearly showed prolonged and severe liypoglycemia. Ingram and 
Barris^ olrserved liypogljmemic symptoms in cats u'itli hypothalamic lesions 
following administration of a smaller dose of insulin, 0,5 unit total dose- Cleve- 
land and Davis® likewise noted hypersensitivity to insulin using only 0.25 
unit per kilogram body' weiglit. Since spinal cats recovered normally from 
doses of insulin wliieh ])roduced dangerous reactions in certain eats witii liypo- 
tlialamic lesions, it seems unlikely that the hypei’sensitivity of the latter ivas 
due to destruction of any center normally' acting hy way of the thoracohimhar- 
sacral portions of the cord. 


Another hyjiothesis lias been suggested by the fact that the insniin hyper- 
sensitivity' appeared in animals rvith experimental diabetes insipidus (sec 
Ingram and Barris,’ and Ingram and WinteD), ivliieh the work of this lahora- 
tory has shown to be due to atrophy of the pars nervosa of the hypophysis 
(Fisher, Ingram, and Hanson'). The antagonism between the action of iasiilh' 
and povSterior lobe extracts has been established by Burn,® Geiling. Britton 
and Calvery,’® Houssay and Potiek,” Magenta,^® Honssay and Magenta,'® and 
Ellsworth.” It seems reasonable to suppose that atrophy of the posterioi 
lobe following liy'potlialamie lesions might leave the activity of insulin I'd*' 
tively unopposed. Our series of experiments, however, included cats irhici 
showed marked polyuria and polydipsia, y'et which reacted normall.y to insii m. 
indicating that the diabetic symptoms and insulin hypersensitivity aic no 
necessarily related. ^ ^ 

A third possible explanation has lieen adopted by Ingrain and Ynd*!^ 
who believe that the insulin liypersensitivity is due to suppression of the 
tion of the anterior lobe ; this supposition cannot at present be cithei 
or disproved. Insulin tests have been performed on monkeys in u nci 
liypoph.yseal stalk was sectioned just proximal to the dorsal ^ ,s, 

gland ; but the results of the tests were normal (Brobeck, Magoun, an 
Interruption of fibers from the hypothalamus entering the infundihu ai 
and pars distalLs bj' way' of the infundibular stalk, therefore, did not ics 
insulin hypersensitivity, 

It seems probable that in some instances the abnormal sensitiihy to 
wliieh appears to follow the production of hypotlialamic lesions 
simply to malnutrition, postoperative or respiratory inf eetions, oi n< 
subcutaneous injection of a portion of an intravenous dose o 
clear explanation lias been found, hoAvever, for the 1^^. gjjtor 

observed in 4 cats with diabetes insipidus and which has keen lepoi e< 

investigators. 


SUMMARY ^ 

Follow'ing subeutaueous injection of insulin in normal foiioiri«r 

was more prolonged and in some instances more marked t ia» 
intraYcnous injection of the same amount of insulin. 
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Normal fasting: lilooel stifiai's and normal iiisuliii reactions were noted in 
a large number of cats with lesions in various portions of the li.i’])othalamns. 

Insulin hypersensitivity was observed in 4 cats with lesions in the medial 
part of the anterior tuheral portion of the hypothalamus. 

Spinal cats recovered as well as normal eats from 0.5 unit of insulin per 
kilogram body weight, injected intravenously. 
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ANIMAL TISSUE REACTION TO PARTICULATE COPPER 

STEARATE* 


Philup T. Kn^ies, CoLUJrBus, Ohio 


' I ’HE response of animal tissue to the introduction of particulate matter hns 
A been described principally ivitli reference to silica or silicates in finely didded 
form. So characteristic a picture has resulted from contact witli these ma- 
terials both in expei’iinental animals and in the luunau organism in certain 
occupations that the resulting .syndrome has been distinguished by name from 
other pneumonoconioses which present different or less eharacferistic clinical, 
roentgenologic, and pathologic features. 


Those eharaeteristics of silicosis which have warranted distinction from 
reactions to most other particulate matters are the cumulative nature of the 
tissue changes re.sultiug from continued exposure, and theii' progression, even 
after contact with the causative agent has been interrupted. More or less 
distinctive tissue reactions liave been considered relative to numerous other 
substances including hariumd carbon,® sulfur,® iron,® beryllium,® titaninn' 
oxide,’® zinc,^’ and aluminum oxide.’® Some organic dusts have been con- 
sidered to lead to less typical and usually more acute reactions, sue as 
shodd}^ fever and thresher’s fevei'. With most such substances, 
the progressive and cumulative nature of tlie tissue reactions has ^ 
notable than acute exudation or mere mechanical accumulation of the os 
In most instances in ivhieh important chronic tissue changes result nom 
posure to nonsiliceous material, they niaj’’ be shown to be 
contaminating silica or silicates, which independently exert then ei< 
teristic effects. , 

The possibility that copper in the form of the stearate when 
in particulate form might give rise to a characteristic clinical an po ^ 
picture was suggested by the finding of marked pulmonary fibiosis 
tient whose histoiy indicated heavy industrial exposure to xv„r. 

.. P -I,-. ..i^nnl'eUt. inUUK.* 


dust, and in whom no likelihood of inhalation of silica was appai 
more, the clinical and roentgenographic features of this patient a' me 
in some respects from those usuallj'^ encountered in silicosis. 


diffcreifi 


CASE HISTORY 

A. P., a 46-year-old white male, was admitted to the Jledical oi 

Loving Hospital, complaining of dy-spnea, dependent edema, an en ® 
knees. His occupation had included farming and lumbering, and our 
mission for sis months, the hauling of washed, wet river grave) an sa , 

•From the Department of Medicine, Ohio State University School of 
Beceived for publication, July 21, 1939. 
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Tvhkh ho insisted was negligible. He was well until two years before admission, when he 
n-as employed for nine days cleardng; scale from a large copper vat, in which stearic acid 
had been prepared. The scale had dried and cleaning was accomplished by a motor-driven 
rotary wire brush. He used no mask and inhaled much dust, with the prompt develop- 
ment of a sore throat and cough. Edema of his feet and ankles soon appeared, with 
dyspnea on exertion which prevented work, though lie remained ambulatory. These com- 
plaints became progressively .severe \\ith the produrtion of a slight .sputum that was 
repeatedly negative for tubercle bacilli. Within the past venr curvature of the nails 
and clubbing of the fingers had appeared, with a slight soreness of the long extremital 
bones, and the loss of 20 pounds. Fatigability and prevoidial palpitation liad become 
marked. 



“fid of chest of patient presenllne symptoms of pulmonarj Abro® s 

following' intense exposure to copper stearate dust. Note reticulated fibrosis 
all lobes of both lungs with emphysema. 


^ On admission there was moderate cyanosis of the Hps, with hyperpnea and dj.spnea 
" ^‘ght activity. There was rounded prominence of the anterior tibial margins, and 
“argement of the wrists, hands, ankic.s, and feet. The right axillary and both inguinal 
of lymph nodes were slightly enlarged, though discrete and soft. The heart was 
percussion; sounds were distant, and there were no murmurs. The pulmonic 
and^^ moderately accentuated. Rhonchi were heard throughout both lungs, 

rales in both bases. Blood pressure was 110/72. The liver was palpable, but 
Was othenrise normal. Enlargement of and grating in both knees on motion 


abdoi 


SURCesfPd I . uuiuuu. r.umi 

ocalired hypertrophic arthritis, 
t upon a right axillary node revealed almost absent germinal centers, and slight 

■T tplasia of tile reticulum; lioivever, Hodgkin's disease could not bo identified. The 
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chest roentgenogram (Fig. 1) shOTs-ed a marked diffuse pulmonary fibrosis, svggcstke of 
pneumonoconiosis, but consisting in a fibrous reticulation rather than the nodular infiliration 
of typical silicosis. There was no area of pneumonic consolidation or of e.xcavation. X-rays 
of the long bones showed tlie periosteal thickening of hypertrophic pulmonary osteo- 
arthropathy. Serologic reactions for syphilis were negative, and the blood cytology and 
urinaiy.sis were normal. The patient was discharged unimproved after a nine-day afehrilc 
course. 


LITERATURE AND MATERIALS 

The toxicitj^ of copper in the animal organism has been recognized, and 
has been held responsible for hemolj'sis and for development of a pigmentary 
hepatic cirrhosis. The possibilitj’- that absorption of the metal snfficienf to 
induce such toxic results might follow the inhalation of particulate copper or 
copper-containing dust has also been pointed out.^® 

The development of a characteristic pulmonary clinical picture following 
the inhalation of finely divided copper or copper compounds was reported in 
1887 by Lattimer'® under the term “copperman's chest,” a name applied 
by the laity to a disability among workers in copper smelters, particularly 
in the pulverizing and molding departments. The disease apparently con- 
sisted of bronchitis, emphysema, bronchiectasis, pulmonary congestion, and 
heart failure, with signs and symptoms of these entities. A bvass-foimdcTS 
ague was noted in some, but it may have been due to iilnmbism. A progressive 
pulmonary fibrosis was noted in all cases of the malady reported. The recog- 
nized contamination of the ores by iron, sulfur, tin, arsenic, and “earthy unit- 

ters,” however, rendered uncertain any conclusions regarding the P^lhogcn 

ieity of the copper itself and suggested the possibility of concomitant 
silicosis. 

Murray in 1900 reported similar pulmonary changes with laiyngitis, ches^ 
pain, dyspnea, and cough among workers in brass, which he 
attribute to copper rather than to lead.^" Pneumonoconiosis and a shoit voi 
life were noted by Landis among the Butte, Montana, 
smelters in 1916,^® but were ascribed to silicosis. Hay hurst'® an i 

considered that of the “various afflictions” of copper miners^ ^ ill heaW> 
charged to any peculiar toxicity of copper itself,” and that t e i 
found among copper miners and workei-s ... is caused by some 
such as lead, arsenic, free silica, carbon monoxide, or heat-fatigue 

More recently pulmonary changes in copper -workers 
ported by “Waetgen®® and by Ai-ustamova,* but again not It b 

eliminating the confusing possibilities of tuberculosis and si w pji,jfrs 
notable, bowever, that of the sixteen presumably tuberculous sputs® 

observed by Arustamova, no single instance was incliided ® 
or of pulmonary excavation. Such factors are compatible wi i j^dieate*! 
role of silicosis in the production of the clinical picture. This is 
by the recovery of silica from the ashed lungs of these ivcre 

of 40.6 per cent of the insoluble residue ; calcium and won 
also found in notable percentages, but only a trace of ^ 

onstrated. Such reports are suggestive that the progressn 
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effects of the inhalation of copper-containing dusts in the persons reported 
were due principally to the contaminating silica or silicates, but critical 
interpretations were not iiossiblc and animal experimentation was not made. 

Accordingly, it was intended in the present experiments to determine 
the pathogenicity of coppei' compounds when introduced into animals in par- 
ticulate form, especially in terms of their c.apacitj' to elicit tissue fibrosis and 
chronic foreign body reaction independently of contaminants. In view of the 
cited case history, copper stearate was employed for this purpose. The toxicity 
of this compound, used industrially in antifouling paints for the bottoms of 
vessels, has been recognized,^ and its employment as a fungicide has been 
suggested.^* 

The copper stearate used was a fine green blue powder, light in weight, 
and graded by air flotation to particles with maximum diameters of 2 to 10 
microns. These were fragments of monoclinie cry.stals, soluble in turpentine 
oil, chloroform, and benzol, but insoluble in water. Analysis showed a strong 
trace of iron, and an insignificant trace of silica, possilily resulting from the 
glassware used. Iodine number determination showed approximately a 3 per 
cent contamination with copper oleate. In the suspensiun of this material in 
saline for use in the present experiments sodium stearate was used in con- 
centrations of approximately one part to one thousand of solution, to facilitate 
'vetting the powder and to render the suspensions more permanent. 

The copper stearate was introduced into guinea pigs by intraperitoneal 
injections and by dusting in a cloud chamber, as recommended by jMcCoitP’ 
and by Hajmes^^ for the determination of the pathogenicity of a finely divided 
^nbstance. Such contacts liave been shown to give rise to immediate irritative 
I’cactions to most highly insoluble particulate material regardless of its 
identity. Of the ultimate reactions, however, five general tj'pes are recognized 
^7 McCord: 

(1) Absorptive, with disappearance of the dust without reaction or 

scar tissue. 

(2) Inert, the dust remaining unchanged, without reaction. 

(3) Proliferative, with nodules of newly-formed fibrous tissue, in- 

creasing in size so long as the stimulating material is un- 
dissoived. 

(d) Jlixed reactions with mixed dusts. 

(5) Miliary proliferation following mechanical dissemination of the 
substance by the acute exudative reaction. 

A tissue response following exposures to copper stearate might be due 
lo either the copper or the stearic acid radicals. The accumulation in guinea pigs 
® inhaled metallic copper dust has been shown by Eemy“° to be principally in the 
n'er and spleen, and to a lesser extent in the lungs, without apparent local dam- 
“Se. “It could also be shown that within a few weds ... the increased copper was 
/greased, and the proper (normal) amount again appeared" on analysis of the 
^"aividual tissues. The elimination from the blood within twenty-four hours oi 
'^';ner ionic or colloidal forms of copper has been demonstrated by Yano,=* 
ultimate excretion of the metal in the bile rather than the ur'^i 
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The possible pathogenicity of the stearic acid radical was suggested by 
the identification of 10-niethyl stearic acid among the tubereulolipids,"” and by 
the specific tissue reactions to lipids noted by Fallon." The unlikelihood of 
a specific tissue response to stearic acid was forecast, however, by the com- 
plete absence of a typical pulmonary reaction from the industrial medical 
files of a large soap and stearic acid manufacturer over a period of many 
years."" The condition of the present expei'iment, of course, permits evahi- 
tion of only the entire compound, copper stearate. 

EXPERIMENT 

To evaluate the pathogenicity of copper stearate in the present experi- 
meiits, fonv series of animals were used. The first group of five guinea pigs re- 
ceived 100 mg. of copper stearate in saline suspension intraperitoneally 
through a gauge 20 needle introduced with local antisepsis through the rectus 
mnscle. This dose was considered the first of a series of similar injections, 
but the entire group died within two hours after treatment, thus furnishing 
a measure of the immediate toxicity of the material and affording an oppov- 
tunity to study the pathology of the acute poisoning. A second gronp of 
eight animals received from one to ten intraperitoneal injections at tliree- 
to four-day intervals of 25 or 50 mg. of C 02 >per stearate, and were sacrificed 
at from twenty minutes after the first injection to fifteen weeks after the 
last of eight injections. Upon death by chloroform anesthesia particular 
attention was paid to the omentum, the mesentery, and the abdominal ua 
in which some suspension was unavoidably deposited at each injection. ® 
histopathology of these structures is reported below. 

The third series of eight animals received a single heavy dusting o cn 
minutes’ duration in a ehamher with a motor-driven fan"'' and wero 
at intervals of thirty minutes to six months thereafter, thus 
servations of the progressive or recessive character of the resnltmg i ^ 
reactions. A fourtii series of four animals Avas saei'ificecl at intervals 
and after five months of frequent dustings, to permit the evaluation 
cumulative characteristics of the tissue reactions; three of these animas 
eeived 110 dustings each. 

INTERPRETATION OF HISTOPATHOEOGV 
In the interpretation of these tissue reactions it is important 
the peculiarities of the guinea pig lung in Avhich small areas o ap^^ 
congestion and of alveolar epithelial proliferation are fairly 
also small lynnph follicles about blood vessels, adjacent to bronc i, o 
tered throughout the parenehymia, often infiltrated with eosinop 
reeognition of intercurrent and of parasitic pulmonary disease is a 

taut- „,,4 absorp- 

All animals injected intraperitoneally shoived local reae ion 

tion as well as reaction in the lymph nodes. Those Avhich le 
slight evidence of rasoparalysis and moderate liver damage , a n oi 

of the abdominal Avail and fibrosis of the mesentery. The a in 

the dead animals Avere depleted of lipoids, and the liiei ^'‘V xela- 
fflvcogen. The lungs of some animals shoAved pneumonia o „tp]ecias>5 
tionship to this experiment, and one animal shoAA'ed pu moiia . 
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«;.th extensive pneumonitis, wl.iel. may liave I, ecu an incklenfal process 
Regain e polymorphonuclear clicmolaxis was suggested liy tlic minimal mun- 
lieis of these cells, even at the sites of abscess formation (Figs. 2 and 3). 



-x ~ v \ 


•teara^^{n"*sufnpnl't« °i wall of GP, dead after fifth daily injection of 3 me of coDoer 

Phl^ffmon and nbsee?? fStion^’" 



slight omentum showing presence of copper stearate crystals in fat tissues 

of copper * infiltration. GP died two hours after mtraperltoneal injection of 100 

stearate suspension. (Hematoxylin eosin X180.) 


Thos 

survived and were killed by chloroform were remark- 
^vas months after the injections; the onlj' pathology remaining 

^^certai spleen and lymph nodes, ivith pigmentation of 

aregg of^ There was no chronic liver or kidney damage. The local 

I'eaction had apparently healed with pigmentation and slight 
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infllb-ation and edema?^ Desquamated^'nnithei-f^^ after single heavy dusting, showing leucocytic 
rounded by atelectasis (SlnU*to^liiiJ,''L^i''„°"^’r8ir'’"'’ " 



acute mdmonarv'^edema^ x^hF GP dead thirty minutes after single hea\T dusting. 
toxy-lin^eoMn ^ leucocytic immigration and compensatory emphysema. (Heni.i 


The dusted auiiuals revealed an acute injury to tlie mucosa of the bronchi) 
leading to desquamation and necrosis of epithelium, and exudation into the 
lungs. This apparently produced a partial atelectasis, with compensatoi.' 
emphysema (Fig. 4). One animal died with acute pulmonary edema, sug- 
gesting anaphjdactie shock (Pig. 5). At this period small areas of interstithd 
pneumonia could he found. If killed later the acute bronchial reaction had 
disappeared, but there remained in-egularity of air distrilmtion fiiroughout t!ie 
lungs. 

If dusted repeatedly there was apparently not much cimuilafiYe etfeot. 
One animal died with interenrrent infection; the others showed a few scat 
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tered nodules of histiocytes and leucocytes, and some undefined pigment in 
the pulmonary septa (Fig. 6). The bronchi were normal but there was some 
irregular subpleural infiltration. None of these changes could, however, be 
considered a severe impairment of lung function. The other organs were 
normal in the dusted animals except that the splenic pigment was often 
slightly increased and one animal showed a chronic infectious splenic tumor. 

Thus all experiments both by injection and by dusting showed an acute 
necrotizing focal reaction, Avhieh had subsided within a month, and in no case 
was there evidence of progression or cumulation in the cellular reaction. 



DISCUSSION 

Such observations would suggest the classification of copper stearate 
'*1 the absorptive group of particulate materials as defined by hlcCord, 
^dth complete disappearance of the injected material after the acute reaction, 
'without notable permanent change or scar tissue. This experiment, therefore, 
affords no support to an assumption that the reticulated pulmonary fibrosis 
the clinical case reported here constituted a specific reaction to inhalation 
copper stearate. The fundamental differences in structure of the lungs of 
Soinea pigs and of man are recognized but appear of minor importance to 
^^0 present experiment in view of the very similar reactions obtained in both 
I'O pathogenic particles of silica or silicate. The period of ten to fifteen min- 
heavy dusting to which the third group of animals was subjected, is by 
■rect proportion equivalent to five to eight hours' dusting of the human an- 
considering the relationships of their normal life spans; the greater 
’^tensity of dust cneoiiiitered by the animals even further equalizes their ex- 
posures to that of the case reported, so that the present experiment would ap- 
Poar adequate to permit comparison of results. 
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SUMMARY 

1. The case is reviewed of a patient presenting marked diffuse pulmonnir 
fibrosis of an nnnsnal reticulated nature, under circumstances suggestive of 
pneumonoconiotie origin, following the inhalation of copper stearate dust. 

2. Several references in the literature recognize the ineideuce of pul- 
monary fibrosis among copper woidiers involving the varialiles of copper, 
tuberculosis, silicosis, and other mineral pneumonoeonioses. 

3. Animal experiments were conducted to determine the tissue responses to 
copper stearate particles introduced subcutaneously, intraperitoneally, and 
bj^ inhalation. 

4. Such experiments demonstrate an acute reaction to copper stearate 
and its ultimate absorption and removal without residual or progressive 
chronic changes. 

5. There has thus been afforded no experimental basis upon vhicli to 
conclude that the pulmonary fibrosis noted in the patient was due to the cop- 
per stearate dust inhaled. 

40 South Third Street 
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THE DISTIiinUTION OP SULPANlEVE-2-AlUN(i|>V]i[I)lNE IN 
THE TIODYx 


IlniiMAX CiiiNN, Pii.D., AN-i) John’ ISki.uhvs, Pii.O., JI.d, 

Cim!A(so, Ii.i,. 


"■"•‘-“^1''''-'“'' t'lillical uso of siilniMil.vl-2-Mniiiioi),vi'i(liiic, vci'y 
10 IS faiown oC its fato in tho lanly. Thai it ivadih pctu.l oatos all hudv 
issues has hcea assumed on tlic basis of its thoniiundic cflioacy, Init lias nevoV 
lecii emoiislratcd. Tii order to iirovide .■A|iei-iiiiciilal \ m-ilir'al ion of this iis- 
■umpfion and to f;„i„ in formal ion on ils iiil,.riiicdialc iiielaholisiii, the 
iiccntra ions of sulfaiiilyl-2-ainiiioi)yridiiip in the tissues and fluids of the 
tltitci'ini 110(1 at (lifictoiU intorvals aflor ailnmiislriitii)n of var.vin^'- 

, grain nf sulfaiiilyl-2'aininopyri)liiH't jti r ktlufirain laxly weight 

^ a*! suspendpt] in approxiniatoly 25 to ItO c.o. of waior aiiil pai’lially dissolved 
lie addition of stjvoral drops of concoiit rated hydiuehli.ru- achl. ’ Tiiis sola- 
on t\as t icn ndininistored Iiy stoinaeh lube to dogs iiinler neinhiilal anostliosia. 
specified time intoi'vals from fifleen miiuitis to tuenly-iom- Inmrs, aijuoous 
blood, and cerclirosjiinal fluid were reinoted The blood was obtained 
tie external jugular or femoral veins and tlie ecrelirospiital tluid l).v snii- 
cipita imneture. Only one sanijde of (*('rebrnsj>inal ilntd find two samples of 
^^picouH humor could be obtained from each dog since tin* conijiosiHuii of those 
It’ ebuuge aflor paraeenl(‘sis.’ At the eonclusioii of the experi* 
le dog was billed liy iiitravmious injection of ether, and portions of 
were removed as rapidly as possible for analysis. I?epre- 
■‘^^niplcs of approximately 1 Gm. were weighed and transferred to inor- 
^ \\iicre tlicy were thoroughly ground with sand and a minimum volume of 
-1 l’'ifdi]oracelic acid. Tiiis mixture was transfeiTcd (juantilatively to 

ce 7 ^ ^^_*itfifugc tube and allowed to stand overnight in tlu; icebox. After 
tigation the clear supernatant fluid was decanted into test tubes calibrated 
ccti precipitate twice washed with 2 e.c. jiortions of the Irichlora- 

wupernatanl Ii(juid and washings Avere diliilod to the mark 
aa solution was diazotized and coupled Avilh aljiha dimethyl- 

t/ii* * according to the method of JIarshall and Ijitchfield.^^ observing 

of Stevens and IIughe.s.^ AVhen the solution Avas not perfectly 
__J^die turbidity -was removed liy filtration. Pholornetricj; readings Avcrc 

of Clifnilutry mci Ophtlmlmolnj^j-. Noitlnv<-‘<torn ■Unlvcrfllty 
tConl-r'^'^ publication. .Tuly 31. 1030. 

tCencrwci^^ '’UMillod by Motek and Co., Inc., Rnliwny, N. A'. 

SlnMrd'Siinfoni “Pliotclomclor," Krron flltf-r No. 2. 
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then made to determine the concentration of sulfanilyl-2-aminopyridine. When 
plotted on semilogarithmic paper, the readings were found to be a straight line 
function of the concentration for all solutions containing less than 0.060 mg. 
Solutions more concentrated than this should be diluted to fall within the 
range. Blood was analyzed as described by Marsliall and Litchfield,^ e.xeept 
that 5 volumes of 15 per cent trichloracetic acid were employed instead of 4 
volumes advocated in their method. This slight alteration gave ns water- 
clear filtrates, whei’eas with 4 volumes, the filtrates ivei’e faintly colored. The 
volume of saponin employed was coiTcspondingly decreased. Aqueous humor 
and cerebrospinal fluid were similarly analyzed. 

RESULTS 

As can be seen from Table I, sulfanil.yl-2-aminopyridine has been fouiul hi 


Table I 

SULFAKILYL- 2 -AMINOPyniWXE COXCENTBATIONS'* AFTER LARGE AKD THERAPEUTIC DOSES 


TIME AFTER 

administration 


WITH WRGE DOSES 


MINUTES 



15 

30 

1 

2 

3 

4 

0 

Blood 

0.4 

1.5 

3.8 

5.1 

6.2 

6.1 

5.4 

Spinal fluid 


0.2 

2.2 

2.1 

3.5 

3.9 

4.1 

Aqueous humor 

0.2 

0.4 

1.6 

2.9 

4.1 

5.8 

4.9 

Vitreous humor 


0.6 

0,6 

1.6 

2.1 

3.2 

1.8 

Sclera 


0.7 

2.4 

5.0 

6.2 

7.0 

4.1 

Cornea 


1.9 

2.0 

4.1 

5.6 

6.8 

4.3 

Lens 


0.2 

0.2 

0.5 

0.6 

1.1 

0.6 

Retina 


0.0 

5.7 

6.3 

4.6 

0.3 

4.4 

Tendon 



O.S 

US 


6.0 

4.1 

Bone marrow 



0.9 

1.3 


6.1 

4.9 

Heart 



1.6 

2.9 


5.3 

2.7 

Shin 



0.8 

3.1 


6.S 

3.9 

Liver 



4.7 

4.9 


9.2 

4.1 

Muscle 



2.1 

3.3 


7.2 

O.i 

Fat 



1.1 

1.1 


1.8 

2.3 

Lymph gland 




5.8 




Spleen 



3.5 

4.5 


6.6 

4.1 

Gastric wall 



0.5 

2.0 


8.5 

4.3 

Gastric mucosa 



17,9 

30.9 


27.3 

45.5 

Intestinal wall 



3.1 

1.0 


7.0 

5,1 

Intestinal mucosa 



5.9 

1.3 


6.0 

2.4 

Kidnev 



2.8 

8.0 


8.8 

7-1 

Pancreas 



2.0 

1.6 


5.2 

5.1 

Adrenals 



3,9 

2.3 


7.1 

5.2 

Brain 




1.8 


3.5 

2.1 

Nerves 



2.4 

2.7 


9.0 

6.3 

Lung 



2.1 

4.7 


5.3 

7.3 

Trachea 



1.0 



0.1 


Thyroid 



3.8 

2.0 


11.3 

5.1 


HOURS 


12 


4.7 

5.3 

4.4 

4.0 

11.5 

7.7 

4.4 

11.5 

3.3 

4.2 

2.7 

5.7 

10.7 

6.9 

3.3 

4.5 

7.1 
5-7 

12.9 

6.7 

2.1 

12.3 

8.1 

4.9 

2.8 

6.1 
0.1 

2.5 

4 .5 


24 


3.1 

2.8 

2.7 

2.2 

iio 

3.9 

2.1 

3.4 

3.6 

2.5 

2.0 

4.6 
2.4 

3.9 

1.0 

3.0 

3.7 

2.9 

3.9 

5.0 

3.9 
0.4 
2.3 

2.6 


trbm- 

FEUIIC 

POSES 



•i:SlOoa, cereurospinai nuiu, ana aquuous liuuiu* aic — 

Others fire expressed as per 30{> Gm. moist tissue, 

every tissue or fluid thus far ana^zed. It ivas found in the blood '' |^gj^yecii 
minutes after administration and attained its greatest concentia w 
the third and fourth hours. In the aqueous humor the values the 

lower, hut the shape of the curve was similar to that of hloo . 
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penetration into the cerebrospinal fluid appeared to be somcwliat slower since 
the maximum value was secured at tlie end of twelve hours, at which time it 
was actually higlicr than that of the blood. The lens showed tlic slowest rise 
of any tissue analyzed, an observation previously reported with sulfanilamide.'’ 
At the end of six hours, it contained only 0.6 mg, sulfanilyI-2-aminopyridine 
per 100 Gm. of lens. Alost of tlic tissues followed the curve for blood and aque- 
ous humor, attaining their highest concentration aliout tlic fourth hour. A 
number, liowcvcr, did not rcacli a peak until tlic sixth to tlic twelftli liour. The 
concentration in the gastric mucosa was several times tliat of any other tissue. 
This was probably due to the mode of administration. Of the other tissues, 
the kidney, retina, sclera, and thyroid showed the largest amount of sulfanilyl- 
2-aminopyridinc, and fat and the lipid rich brain contained the least. 

In the experiment just described .sulfaniIyl-2-aminopyridinc was employed 
in doses considerably liiglier than those recommended for clinical use. The 
effect of the drug administered in theraiicutic doses was next investigated. 

Dogs were placed under nembutal anesthesia, and 30 mg. sulfanilyl-2- 
aminopyridine per kilogram body wciglit were given b>' stomach tube. An 
additional 15 mg. per kilogram wci'c administered c'^ery four liours for the 
duration of the experiment. Blood was I'omovcd aftci' one and two hours and 
at the end of each four-hour period. Aqueous humor was asjiircd after twelve 
and twenty-four hours, and ccrclirospinal fluid and the various tissues were 
analyzed after twenty -four hoiii’s. TIic analyses wore performed in the manner 
previously described. 

The blood concentration remained quite constant for the period examined, 
ranging from 1.1 to 2.5 mg. i)or 100 e.c. from tlic second to the twenty-fourth 
hour. Tlie aqueous luimor and the cerebrospinal tliud contained slightly lower 
amounts (1.1 to 1.7 mg. per 100 c.e.) for this period. Tlic values for the tissues 
are listed in Table I and range from a trace to 1.8 mg. per 100 Om. of tissues. 

DISCUSSION 

It lias already been .shown^’ •''' that sulfanilamide readily penetrates into all 
tissues thus far examined. Tiiis fact lias now been demonstrated for sulfaiulyh 
2-aniinopyndino. As would be expected from its larger size, its penetrabilit^ 
into the cell is somewhat lower than that of sulfanilamide. Thus, tlie blood of 
(logs receiving 0.20 Gm. sulfanilamide per kilogram body weight contained 
18.0 mg. per cent after four hours, whereas dogs receiving siimlar doses of 
sulfaniIyl.2-aminopyridine contained only 6.1 mg. per cent. A similar dimmu- 
hon was noted in the other fluids and tissues analyzed. Despite this difference 
ni the absolute content, the shape of tlic curves was veiy similar for both 
compounds. A greater variability Avas noted in the concentration of sulfanilyl- 
2-aminopyridine tlian sulfanilamide. Other workers"- " have already called at- 
fention to this fact. 

Considerably lower values Avere obtained AA’hen therapeutic doses Averc ad- 
nunistcred. These values Avere also loAver than those secured on human bcinp 
receiving a proportional dose. Thus, the blood siilfanilyl-2-aminopyridme m 
patients averaged 1 7 per cent, Avliereas Avith patients similarly treated, 
blood level Avas about 4 mg. per cent.« The blood sulfanilamide in dogs 
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receiving therapeutic doses has also been shoivh to be considerably lower than 
those obtained on man.^ It seems probable that the amount of sulfanilyl-2- 
aminopyi’idine per unit w'eight required to maintain a definite blood level in- ' 
creases as the animal becomes smaller. However, it must be remembered that 
the superiority of a high blood concentration has not been definitely established. 
Thus Plippen and co-workers® found great variation in the eoueeiitvatm of 
sulfanilyi'2-aminopyridine among individuals receiving the same dosage, with 
no marked difference in chemotherapeutic effect. Further work is necessary 
to relate fluid and tissue concentrations with therapeutic efficacy. 


CONCLUSIONS 

1. The method of IMarshali and Litchfield for sulfanilamide determination 
has been modified to allow sulfanilyl-2-aminoiLyridino estimation in tissues. 

2. The concentration of sulfanilyl-2'aminopyridine in various tissues and 
fluids of the dog has been determined one, tw'o, three, four, si-v, twelve, and 
twenty-four hours after administration of 0.2 Gm. per kilogram body weight. 
The maximum concentration is reached about the fourth to the sixth hour. 

3. The level in the blood and aqueous humor was determined wlien thera- 
peutic dosage was employed. 

The authoi's wisii to expi'oss their appreciation to Professors C. X Fairocr 
for the suggestions aud criticism so freclj- given during tiie progress of this trorK. 
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LABORATORY METHODS 


I. STUDIES OF LIVER FUNCTION IN HEALTH AND DISEASE* 


Observations on a Sijiple and Accurate ^Ietiiod for Quantitath-e 
Deterjiination of the Bile Salts in Urine and Bile 


Lester i\r. I^Forrison, ^F.D., and "William A. Swalm. ^F.D., Philadelphia, Pa. 


I T IS NOW one hundred and fiftj' veal’s since the firet attempts of Fourcroy 
and Vaiiquelin (1790) and later of Thenard (1807) and Bcraelius (1809) to 
identify the various constituents of idle. Since that time there has not been 
a satisfactoi’}’ method for the clinician in the practice of medicine to utilize 
the facts unearthed by innumeralilc investijrat«»rs relating: to the function of 
the liver in health and disease. 

This communication presents the results of three years’ studies in over 
4,000 urine specimens and over 5,000 bile specimens on more than 500 patients 
over extended periods of time. 

The method herein described is a stalagmoinetric one of estimating the 
surface tension of bile and urine, which gives the exact quantity of bile salts 
present. To date other tests for this purpose have i)resented certain note- 
worthy disadvantages, 

(a) They have been elaborate, requiring the services of a skilled chemist, 
as with Doubilct's technique. 

(b) Thej' have been nonspecific for bile .salts, as with the Pettenkoefer 
reaction, originating in 1848 and .still in use under numerous modifications. 
The Pettenkoefer reaction lias been shown to react positively with as many 
as forty other substances, bj’ Thudicum (18G8), Jlylius (1887), Udranszky 
(1887), Tashiro and Hills, and AValker. 

(c) Numerous tests, as those proposed by Chabrol, Charonnat, Cottet and 
Blonde, by Goiffon, Nepveux and Chaleil, Peoples, Etchaverry, Nakagawa and 
i^jikawa, Nakagawa and Yoshikawa, Sullraan and Schaub, Borgatti (Gi- 
ordano and Levi modification), and others, are unsatisfactory for clinical use 
tliie to uncertainty of color reactions, elaborate technique, great time con- 
Runiption, expensive apparatus, or a combination of some of these impractical 
procedures. As an example, Minibeck’s technique requires an^ elaborate 
fluorescent microscopic spectrophotometer.” The price of this instrument 
Gauges in the neighborhood of $800 to .$1000, and in addition must be designed 
®ud built individually. 

(d) The Gregorj' and Pascoe reaction has been used extensively in recent 
Jears, depending upon a colorimetric reaction. However, as pointed out by 
and especially by Doubilet, “it is specific for cholic acid alone and is 


•From the Department of Medicine. Temple University Medical School. Philadelphia. 
ch,,.,«';ateful acknowledgment is expressed to Dr. Robert H. Hamilton. Jr., for invaluable bio- 
""cal aid and to Marlon Fountain for technical assistance. 
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of little A'alue in the analysis of human bile ivhieh contains a large proportion 
of desoxycholie acid. ’ ’ At the maximum, cholic acid comprises 50 per cent 
of the total, as has been estimated by Doiibilet and Colp, Sobotka, Weilaud and 
Revery, and others, in human fistula bile from persons having had common 
duct obstruction. When inflammation of the ducts ivas noted at operation, 
Doubilet and Colp found cholic acid to comprise only one-sixtli of the total 
bile acids. The ei’ror in relying on this variable cholic acid index as to the 
total amount of bile acids by the Gregory and Pascoe method is further seen 
when one finds that in addition to cholic acid, the other human bile acids are 
oxalic acid (Larvonat) ; desoxycholic acid, anthropodesoxyeholic acid, litho- 
eholie acid, chenodesoxyeholic acid (Weiland ) ; cholalic acid (Sehotten) ; fellic 
acid (Sehotten) ; cholic acid and tauroehenodesoxycholic acid (Weiland) ; and 
giycodesoxycholie acid (Hammarsten). Sobotka has likewise emphasized the 
wide variations cholic acid undergoes and its ratio to the other bile acids as 
soon as pathology sets in. 

The stu'face tension method of estimating bile acids or salts in the urine 
has been investigated by Schemensk 3 ' in 1920, and bj* Doumers, Gilbert, 
Chabrol, Benard, Mueller, Adlersberg, Mejmr, Eppinger and Ranzi, Dueo and 
Panza, and the essa 3 dsts. 

The Doumers first established the fact alread.y known that bile salt solu- 
tions in distilled water in increasing concentrations lowered their surface 
tension follovdng a regular and sjonmetrical curve to a certain limit (Dounier s 
law) . 

However, Duco and Panza found that this law is not applicable to urine or 
bile since eleetroBdes, as sodium or potassium salts, may cause considerable 
variations in the bile salt estimations (Schulze-Hard,y law). This error was 
avoided by Duco and Panza ’s introduction of 1 per cent phospJmric acid, si - 
fieient to bring the solution to the isoelectric point of pIP. At this iso- 
electric point there is no alteration in bile salt solution bj" extraneous electro- 
Ijdes or colloids. Hence urine or bile at a pH= gives a surface tension figncf 
which is specific for bile salts alone. When the solutions are at a dilution o 
less than 1 .-1,000, charcoal adsorbs iiracticallj’^ 100 per cent of the bile sa s. 
If then the surface tension of the bile or urine is taken at pH", sud again 
taken after extractions with medicinal animal charcoal, the dift’ei'ence is a 
euratelj^ expressed in quantity of bile salts. Comparison is then made wi 
graph which gives the surface tension of increasing concentrations o pur^ 
sodium gtycocholate in distilled water. This is shown for urine and i e * 
Pigs. 1 and 2 in the stalagniometer used. 

An ordinaiy stalagniometer is used to determine the number of diops 
bile or urine bj^ a hand counter. . 

We present a modified technique in lieu of that proposed bj ^he^ 
going investigators studjdng surface tension, and most recently by 
Panza, giving a simplified test with greater accuracy for cliniea 
These modifications are as follows: (1) Considerable time is saved y 
the extraction bj^ medicinal animal charcoal. We found that if aR ac^ 
isoelectric point of pH- in the bile or urine were obtained, for e 
poses practically 100 per cent of the bile acids are obtained direc y 
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''lajagmoineter, lienee tlic charcoal treatment of the solution is unnecessary 
time-consuming. (2) Instead of preparing a special solution of diluted 
P osphoric acid, concentrated hydrochloric acid is used for greater con- 
'enienee and practicability. (3) The modification recommended by Duco 
Panza, of arbitrarily adding 3 drops of the acid solution to the urine or 
J ^ isoelectric point, is frequently inaccurate, particularly so in 

e urines. It is easily demonstrated that some urines or I)iles require several 
this amount to get at the isoelectric point of pll=. If tiiis is not secured, 
“ '^■'leulations, as advised by Duco and Panza tliemsclves, may be very in- 
i'Muvate, dne to the varialde contents of electrolyte.s and colloids occurring 
/> different specimens e.xamincd. The pll of various specimens from the same 
1 ividnal is found to undergo wide variations at differing intervals. 
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The only accurate and dependable way to insure a pff is to employ an 
indicator for this desired acidity. Tropeolin 00, as suggested by Dr. Robert 
Hamilton, is the best and most practical indicator for this desired pH. Hence 
a piece of filter paper dipped in the tropeolin 00 solution will turn pinkish 
red when the bile or urine being tested is at the correct pH-. 

The surface tension of the urines and biles should be taken at about room 
temperature and at a rate of approximately 30 drops per minute. A stalag- 
mometer can easily be made from a 15 e.e. pipette, by fusing a small-luniened 
glass to its end. The cost is approximatelj^ $0.50 to $1.00. A standardized 
stalagmometer can be bought from any appropriate chemical supply concern 
for a relatively small sum.* 

There are no normal or pathologic standards reported in the literature of 
the bile salt concentration in urine. Previous investigators have reported bile 
salt concentrations in the bile by methods described as inaccurate or im- 
practical for clinical purposes. Hence in a separate communication these 
standards for bile and urine are established. It will be shown that the bile 
salt concentration in the bile is the most sensitive, direct, and accurate method 
of determining the physiologic and pathologic function of the liver. The value 
of bile salt estimations in the urine will also be reported. 


SUMMARY 

1. Observations on a simple, sensitive, and reliable method of determining 
the bile salt concentration in urine and bile are presented. 

2. The bile salt concentration is determined by a surface tension mel ® 
(stalagmometric). 

3. The method requires no training or skill, and entails very little expense 

and time. _ . 

4. This method is most practical and accurate for determining t n c i^ 
ical significance of variations in the bile salt concentration of bile an 
Clinical studies based on this technique follow in a subsequent lepoit. 
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the PUCHSIN-PORJtALDEIIYDE METHOD OF STAINING ACID-PAST 
BACILLI IN PARAFFIN SECTIONS* 


G. L. Fite, M.D., Honoi-ulu. T. II. 


'PHE fuclisiii-fonnaldeliyde method, briefly mentioned in a previous diseus- 
^ Sion of the conditions affecting the staining of acid-fast bacilli,’ has been 
ttsed routinely in this laboratory for a year and a half, Iiaving been found to 
the most reliable means of staining acid-fast bacilli in sections permanently, 
■’respective of tlie fixative employed. It has been found, however, that its 
usefulness depends upon the quality of the formaldehyde solution used. 

The protocol of tlie method is as follows; washing in tap water aftei 
’sell step being understood ; 


(1) Stain in 

New fuchsin 
Phenol crystals 
Alcohol, methyl or ethyl 
Distilled water, to make 


0.5 Gm. 

5.0 Gm. 

10.0 c.c. 

100.0 c.c. 


Servicl^nSiollll Infectious Diseases. Leprosy Investigations. U. S. Public Health 
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at 60° C. (paraffin oven) oveniiglit for from twelve to tweatr- 
four iioiirs, or at room temperature for from tweut.v-foui' to 
forty-eight hours. The longer periods are recommeiicletl for 
M. leprae, 

(2) Freshly distilled aqueous fownaldehyde, 5 to 30 per cent, five 
minutes. 

(3) Hydrochloric acid, 2 per cent, in 95 per cent alcohol, ten minntes. 

(4) Potassium permanganate, 1 per cent aqueous, until brown, nsnally 
two to five minutes. 

(5) Oxalic acid, 2 per cent, one minute. 

(6) Harris’ hematox 5 din, two minutes. 

(7) Van Gieson’s stain, 3 minutes. 

Acid fuclisin 0.1 Gni. 

Picric acid 0.5 Gm. 

Distilled water, to maie 100.0 c.c. 

(8) Without washing, dehydrate in alcohol, clear in xylol, and moinit 
in balsam. 

Nuclei stain browui, connective tissue fibers red, muscle fibers 
yellow, and aeid-fa.st bacilli dark ultramarine blue. 

DISCUSSION 

The preferred fixative is a mixture of equal parts of 10 per cent formalde- 
hyde and 95 per cent ethyl alcohol. Fixation for several days, three to five or 
more, is noticeably superior to brief, twenty-four-hour fixation. Tissues pre- 
served in this medium have given excellent results after preservation for 
several months. 

The use of formaldehj-de of the highest purity iu the staining process 
is important. Aged or exposed solutions often give poor or no results, de- 
colorizing the bacilli. The “i-eagent” grade of formaldehyde, preserved m 
dark bottles, usually is satisfactory, but any commercial fonnalciebyde, os 
tilled through a simple ivatei'-cooled glass condenser, gives a usable pi ooR 
containing about 30 per cent formaldehyde. Solutions a few days olc are 
satisfactory, but after three or four iveelt.s, they may become very imra ® 
It is advisable to use fre.slily distilled formaldehyde and to renew it for eM 
batch of slides. Some d.ve is extracted by the formaldehyde, and the see 
is rendered a deep bine color. 

The acid alcohol outwardly does very little, but seems to faei i ® 
subsequent bleaching iirocess. The bacilli, rendered blue by the 
hyde, will withstand vigorous treatment ivithoiit being decolorized.^ "ofjjer- 
vions soaking in formaldehyde prevents much shrinkage which nug i 
wise take place during the bleaching. Tissues fixed without the use o 
metals are readily totally decolorized, but a moderate 
is largelv masked by the hematoxylin. 


residual pale blue color 


ill paraffin seC' 

JJ, , -- . ^Jji-i; b!uc 

tions by other means, have been found to be readily ^ „„cler- 


By this method lepra bacilli, at time.s impossible to staiu m^.^ 


bacilli lend themselves very well to photomicrography, ivith purpo 
staining of the tissues. 
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A RAPID ^lEANS OF OP.TAINTNG ArAXGANESE-FREE IRON" 


TnoJtAS AV. Ray, Ph.D., jJiIiLWAuicnE. AVis. 


M ANGANESE-FREE iron is necessary in certain feeding experiments 
■where manganese is to be exeludccl from the <liet and where iron must 
be added. No iron salt -or iron wire wliicli we have tested is free from man- 
ganese, and there has, heretofore, been no rapid and convenient means of 
separating the two elements. 

Reitzenstein* found that when finely pulveHze<l ferrous chloride was 
vigorously shaken with pyridine and the mixture lieatetl. a canary-colored 
ciystalline mass appeared, which upon reerystalliz.ition from pyridine had 
the formula reCl;.3C5lT5N.2II..O. This eoinpound was unstable and rapidly 
changed to a basic salt. Pfeift'or- prepared an iron jiyndine compound which 
he believed to be identical with that of Reitzenstein’s. and which when ex- 
posed to the air, turned brown. Later, Alooro and Aliller^ found that if 
pyridine is added to a solution of ferric chloride containing free hydrochloric 
acid, iron is precipitated quantitatively as the hydroxide. In all probability 
the brown-colored compound obtained by Pfeifter was iron hydroxide. Moore 
and Miller also found that when pyridine is added to a neutral solution of a 
Dianganese salt in the cold, no precipitation of manganese takes place, but 
upon heating oxidation occurs and manganese comes down. They noted, 
however, that if the solution is made acid with hydrochloric acid, heat could 
then be applied without the precipitation of manganese. These observations 
furnished them with an effective means of separating tlie two elements. They 
precipitated ferric hydroxide by pyridine from a solution of ferric chloride 
containing hydrochloric acid, removed the solution by filtration, and washed 
the precipitate with water containing pyridine. The ferric hydroxide was dis- 
^>olved in hydrochloric acid and reprecipitated by pyridine. After a number 
of reprecipitations they obtained manganese-free ferric hydroxide. 

Orent and AlcCollum" prepared manganese-free iron by a modification 
uf the Aloore and Aliller procedure, using filtration, in which they repreeipi- 
tated the iron as the hydroxide by pyridine eight times, and finally obtained 
u product containing less than 0.5 p. p- ni. 

% a further modification of the Moore and Jliller procedure in which 
^ special means of precipitation is used and in which centrifugation rather 
“lun filtration is resorted to, we have been able to prepare manganeseTree feme 
hrdroxide from a solution of ferric nitrate containing 0.002 per cent man- 
-auese with one precipitation by pyridine, in which no trace of manganese 
detected. Iron wire containing as much as 0.2 per cent manganese, 

•From the Department of Biochemistn,-, Marquette University Jledical School, MilwauKee, 
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or ordinary ferric nitrate, ferric chloride, or ferric sulfate can be freed from 
manganese this procedure with two precipitations. 

PROCEDURE 

Four grams of ferric nitrate are dissolved in 500 c.c. of water in a large 
beaker. To this solution, containing no h 3 ^drochloric acid, 7.5 e.c. of pyridine 
are dropped in from a 10 c.c. Inirette, a small drop at a time, while the con- 
tents of the beaker is rapidlj^ revolved. Since the pjTidiiie is added slowly 
and the solution thoroughly'’ mixed, supersaturation takes place simultaneously 
throughout the entire volume of liquid, causing the hydroxide to appear in 
exceedingly small particles. This means of precipitation results in the bring- 
ing down, bj’’ occlusion, of a minimum amount of soluble manganese salt. 
An additional 0.5 c.c. of pju'idine is run in and the hydroxide allowed to set- 
tle. The addition of more pja-idine to the nearlj’’ colorless liquid causes no 
further jireeipitation. After removing most of the liquid bj’’ decantation, the 
contents of the beaker are transferred to two 50 e.c. centrifuge tubes. The 
tubes are rotated for not more than two minutes at a low rate of speed, after 
which as much of the remaining liquid as possible is poured off. The rotation 
must be slow and the time short, otherwise the hj^droxide will pack, and 
packing makes washing ineffective. The precipitate, which is very soft and 
still contains a small amount of liquid, is washed into 500 c.c. of water con- 
taining 0.5 e.c. of pyridine. After vigorous rotation of the beaker to insure 
thorough mixing, the precipitate is allowed to settle and the water remove 
as previously. Five such washings are sufficient to free the h}’’droxide roni 
manganese. 

No hydrochloric acid is used in this procedure because precipitation o 
the hj'^droxide is brought about without heat, and manganese does not come 
down in the cold, even in the absence of hydrochloric acid. 'When 
precipitation is required, the residue is dissolved in hj'drochloric aci > 
just enough to bring it into solution. If acid is used in excess, moie pju i 
is required for precipitation. 


SUMMARY 

Removing soluble manganese salts, by filtration, from ferric 
precipitated in the usual way is unsatisfactory. The precipitate ^ 

with it much manganese, and filtration causes the precipitate to 
gelatinous mass wliieh makes washing slow and ineffective. wOO 
however, can be accomplished by^ precipitating as already 
centrifugation. By regulating the time and the rate of speed o 
the washings can be removed by decantation, and the hydroxi e 'c 
original finely^ divided form. This makes for effective washing. 

CONCLUSIONS , ^ 

A procedure is described for removing soluble manganese lir 

by' a special means of precipitation, and by' removing the va 
centrifugation rather than by' filtration. 
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A NOTE ON TJIE PREPARATION OP HEJIATOPORPIIYRIN® 


Robert D. Barnard, Chic too. Ill 


VWITH tlie introduction of sulfanilamide and the occasional serious reaction 
* that follows its administration, the dotoetion of jiorphyrinuria, which 
sometimes accompanies these reactions, may heoome a procedure of routine 
laboratory analysis, llo.st of the methods for the detection of porphyrins are 
elaborate and require a familiarity with spectropliotoinctry. 

In thi.s laboratory it has been found possible to detect hematoporphyrin 
concentrations in aqueous solutions of one part in one million l>y examination 
for the brilliant red fluorescence of such solutions in “dark light" (the ultra- 
^olet radiation of a water-cooled quartz Kromaycr lamp from which visible 
light is filtered by a colialt quartz screen). Before this procedure can be 
made available for general study, it will probably be necessary for hemato- 
porphjTin to be availalile for the purpose of standardization Tlic material is not 
on the market in the pure form and even if it were, there would be some 
Question as to whether the ordinary preparations reprc-sont true hemato- 
porphjTin. 


The majority of the methods for the preparation of hematoporphyrin 
I’oni blood pigment depend on the use of heat and strong acids. It is now 
focognized, since the .synthesis of porphyrins by Hans Fisliei’ (1926) that many 
or the preparations of hematoporphyTin, by the older methods, are de- 
naturated, a fact reflected in the variability in absorption spectrum and solu- 
lllty of different specimens. 

The method of Laidlaw (1904) in which the iron is removed from ferro- 
ueme (reduced hematin) by the action of weak acid in the cold, is free from 
loose objections. It lias lieen found to he eminently satisfactory, gives an 
^osilj reduplicable product, and would seem to yield a hematoporphjTin that 
close in its chemical structure to the nucleus as it exists in hemoglobin. In 
® original method the hemoglobin is kept in a state of reduction by treat- 
roent with hydrazine hydroxide and treated with 15 per cent hydrochlorie acid 
dissociates the pigment into globin and ferroheme, and then splits the 
‘ron from the latter. The final product is contaminated with a little protein 
difficult to remove. For this reason, the method has liecn modified by 


•From the Cliemical Laboratory of tJie Northern Illinois Eye Clinic, ChicaRo 
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(1) precipitation of the corpuscular cholesterides, (2) digestion of the protein 
with pepsin, and (3) chloroform extraction of the porphyrin. Eeduction is 
carried out by suction evacuation, Avhieh is continued throughout the process, 
since it has been found that in acid solution the reducing action of hydrazine 
is not manifest. 

The yield by the present method is practically 100 per cent, though, since 
there are no expensive reagents, like hydrazine hydroxide, used, this factor 
would hardly enter into consideration as a reason for the adoption of the 
method. 

PROCEDURE 

Five hundred cubic centimeters of fresh, eitrated, oxalated, or defibrinated 
blood (that of the dog, cow, pig, and human being has been found satisfactory) 
are allowed to stand in a 1 liter pjTex Brlenmeyer suction flask until the 
corpuscles have settled and the serum is removed with a suction pipette. One 
gram of U.S.P. pepsin is added, and after it has dissolved, 50 e.c. of ethjd ether 
and then 50 e.c. of toluene are added. The contents are shaken until the;* 
gelatinize. An excess of toluene maj’’ remain, but this should not beremo\ed 
as it prevents frothing during the subsequent evacuation. 

A one-holed rubber stopper which fits the neck of the flask snugly and 
through which has been placed the stem of a short, glass-stoppered sepaiatoij 
funnel so that the outlet is at least 3 inches from the fluid level ulien le 
stopper is inserted, is prepared. The side arm outlet of the flask is connee e 
through a short length of rubber tubing, carrying a hea^'y' screw clamp, o » 
T-tube which is connected with a vacuum pump. (A small water-trap ® 
pump is sufficient.) The free end of the T-tube is fitted inth a rub ei a 
and pinch clamp. 

With the stopcock of the separatory funnel closed and the glass 
place, suction is applied for one hour. Usually the reduction to hemOc 
will occur much sooner, but the suction is maintained to remove a ^ 
oxygen and ether, not only during the addition of the acid, but a so 
considerable time thereafter. . 

About 100 e.e. of concentrated hydrochloric acid are measuied 
funnel, and the glass stopper is replaced. The stopcock is 
and the acid is admitted to the flask, about 5 e.c. at a time, wi 
gentle agitation. It will be noticed that wherever the acid comes 
with the corpuscle paste, a thick greenish-brown rubbei’y coagu um 
From 70 to 90 c.c. of acid are required for complete coagulation. -|jjng 
stopper is left in place during the addition of the acid ; it preven s i ^ 
during agitation of the flask. Should the stopcock be inadi ei en 1^,. 
too vudely and all the acid aspirated, the preparation awII no of 

the advent of air, which admitted at this stage will result in t e 
acid hematin. The best results ai'e obtained Avhen just sufficien 
niitted to cause complete precipitation of all protein. yocu«'” 

The clamp on the tubing connected with the side arm is closec , 
broken at the T-tube, and the flask disconnected and trans eiic^ 
cubator. In about three houivs the material is a liquid sludge. 
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between each of two 2o0 e.c. contrifupe bottles until tlie dark brownisli 
material is packed and the supernatant toluene can lie decanted. Tlie l)ottles 
are then inverted to drain. 

About 75 c.c. of chloroform are added to eaeli sample, and the slndf^e is 
comminuted in it with a glass rod. On eentrifuj'ing the chloroform settles to 
the bottom, the coaguliim rising to the lop as a grayish mass of elaylikc con- 
sistency. This is perforated with the glass rod and the chloroform solution is 
decanted. It is not necessary to filter the ohloroform extract; in fact, this 
procedure is attended by considerable loss of the solution. 



The chloroform .solution from which the Iieniatopori)hyrin may be crystal- 
lized directly shows an intense red fluoreseence as well as marked dicliroism, 
being grass green by reflected light and purple red Iiy transmitted liglit. On 
shaking with an equal volume of 2 per cent ammonium liydroxidc, neutral 
‘'nnorphous hematoporphyrin is prccipilalcd at the intorfaco of the liquids. 
Stronger ammonia extracts the pigment from the chlorol'orm as the ammonium 
crystallizing as reddish brown roscttc.s on evaporation of tlio solution. 

Neutralization of the ammonium hydroxide extract with dilute Iiydio- 
ehloric or acetic acid caused tlie prccii)ilntion of neutral hematoporphyrin. 
The latter was found to be so insoluble in water and in physiologic salme 
(*ess than 1:1,000,000 on the basis of llic fluorc.secnce test) lhai some question 
as to the reputed toxicity of pure hcinaloporifliyrin arose, 'i'hc same (ineslion 
has arisen repeatedly in connection with two other closely related suiistaiices, 
hjlinibin and hematin, both of which arc practically iiisoluhlo in the pure state 
at the pll of blood .serum or tissue fluid.s, and for whoso toxicity the weiglit ol 
evidence appears to be in the negative. Insofar as ingestion liy the water ilea or 
eoutaet with the liuman skin is concerned, tlie material iircjiared by the Jore- 
Soing method seems to be devoid of toxic effects. 


EXPERIMENTS WITH THE WATER IT.EA 

The teclinique described In' Tinsley (1038) was followed, 'I’o n nOO o.o. 
«ilture of Baplmia pulcx, 1 Gm. of iimorplioiis Iicmatoporiiliyrm «a.s ad l . 
The animals survive indofiniloly in llio prcaonce of tlie nmlerni . ]i in o i - 

wopic examination tlie animals ran in •<> ranliniionsly niKos and cMst I 

I’lsment which passes tliroiiKli llic onlirc aliniontnry Iniol wrilioiil ap]) 
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alteration. Examination of the culture water after twenty-four liours of sucli 
ingestion by a crowded culture of daplmia shows no solution of the pigment 
within the .sensitivity of the fluorescence test. 

EXPERIMENTS WITH HUMAN BEINGS 

A 1 per cent solution of hematoporplija-in in acid alcohol was painted 
on an area 1 cm. square on the flexor surface of the forearm. After evapora- 
tion of the alcohol a brownish adherent film was left. This area was then 
irradiated with a carbon are for ten minutes at a distance of 6 inches. Twenty- 
four hours later the pigment was removed with soap and water. The ir- 
radiated area, at this time, showed a moderate erythema except where pro- 
tected by the hematopoiqihyrin film, where there had been no obvious change 
in the skin. Since this result indicated that hematoporphyrin could act as a 
screen against actinic rays, a film from a 1 per cent acid alcohol solution was 
painted over a small area of a lesion of psoriasiform lupus erytheiuatosis on 
the forehead of a 40-year-old male and left in place for a week. There was 
no visible effect produced by’' this application as compared ivith similar nn- 
painted areas in the same individual. 

SUMMARY 

A method for the preparation of hematoporphyrin is described. The 
material is practically insoluble in neutral aqueous solutions. It is not toxic h} 
ingestion for Daiph nia puJcx and appears to lie nonirritating to the human sbn. 
Its solutions show a red fluorescence to ultraviolet light and the dried films act as 
a screen to tliat part of tlie spectrum ivJiieh induces erythema of the skin fo ov 
ing irradiation. 
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NITKITE FERRUIEJIOCIIKOMOGEN AS A REAGENT FOR 
REDUCING SUGARS" 


Roukrt D. Barkahd, Cmcnoo, III. 


\Y7HIIjE there are numerous specific cliemical reactions whereby the pre.s- 
» » cnee of the reducing sug,ars may be deteeteil and tlieir quantities es- 
timated, most of the routine laboratory reagents for this purpose depend upon 
the nonspecific reducing properties of these sunars toward various suitable 
oxidizing agents. Among those reagents in common use, wc find in order of 
their frequency of utilifj*, (1) alkaline cupric complexes. (2) ferricyanidc 
solutions, (3) alkaline bisniuth com]>lcxe.s, (4) alkaline picrate solutions, 
(o) alkaline silver or mercury complexc.s, and (fi) solutions of redox potential 
indicator dyes, such as saf ranine, indigo, or methylene blue. All of these 
substances are capable of existing in a lower valence state, to which they 
niay be brought by the action of any substance with a high reduction po- 
tential, such as dextrose at the boiling point, and in which state they exhibit 
physical or chemical differences from the oxidized form. In tliis sense, any 
of the reagents M’hicli depend upon the reducing powers of the sugar could 
hardly be made specific. 

The alkaline metal eomiiloxes, however, have stood the test of time and 
iaboratoiy utility. It is true that from a quantitative standpoint their re- 
actions with the sugars have never been in true stoichioeheniical relationship, 
hut there are several excellent quantitative methods which have been stand- 
ardized empirically and are being improved constantly. Most of the im- 
pio\emcut in the copper reagents, particularly, are designed to prevent the 
looxidation of the reduced form wliich is to some extent inhibited by the 
I’elatively insoluble form of the latter in the case of the metal complexes, 
^diereo-s in the case of the redox indicator dyes, it is so rapid as to almost pre- 
clude their use. In fact, the only reagents that arc free from this objection 
are^ the alkaline picrates and forricyanides, the high oxidation iiotential of 
^vhieh prevents their reoxidation by atmosi>heric oxygen; at the .same time this 
potential makes them easily reduced by sulistanco.s other than dextrose to the 
affect that results of quantitative determinations for dextrose made on bio- 
ogical fluids with these reagents arc invariably too high. 

ideal reagent in this category would have a low I’edox jioteiitial, but 
oa reductant would be removed from participation in the redox system so 
*bat reoxidation could not occur. The possibilities for such a reagent ap- 
Paared from a consideration of the recently elucidated proijcrties of nitritc- 

f^moehromogen. 

‘From the Chemical Laboratorj' of the Northern Illinois Uye Clinic, Chicago. 
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That “alkali hematin” solution was transformed to “reduce alkaline 
hematiii” by heating- udth dextrose, has been known for over half a century. 
There seem to have been few attempts to utilize the reaction for the detection 
of dextrose because the reduced pigment rapidly reverts to the oxidized form. 
It later became recognized that pure hematin was irreducilile by the reduein!,' 
sugars in the absence of an adventitious “suitable” nitrogenous substance 
(hemoehromogen former, Bertin-Sans and de hfontessier, 1892) likewise 
present in its solution. It has been found that nitrite is such a hemoehromogen 
former (Barnard, 1939) and that a solution of nitrite ferriliemoehromogen, 
a greenish pigment, makes an excellent qualitative and semiquantitative re- 
agent for reducing sugars, being converted by them to a scarlet pigment, 
nitric oxide ferrohemochromogen; tlie latter stable for several hours even in 
contact with atmospheric oxygen. The distinctiveness of the latter, as well 
as its characteristic absorption spectrum, which might make it applicable to a 
spectrophotometrie method for the determination of these sugars, led to the 
development of a reagent which possesses several advantages over those com- 
monly in use. The reagent is so flexible as to be equally applicable to the 
quantities of dextrose in the urine of a person with severe diabetes (4 per cent) oi 
that in a 1:5 Polin-Wu filtrate of nonnal blood (0.02 per cent). It liken ise is 
of quantitative significance, the time for reduction lieing in inverse {u-oportion 
to the quantity of sugar present. 


PREPARATION OF REAGENT 

One hundred and sixty milligrams of crystalline ferriheme chloride 
(hemin*‘) are dissolved in 1 liter of 5 per cent tribasic soclinm orthophosp a e 
containing 1 Gra. sodium nitrite. The reagent is ready to use upon .so utioa 
of its constituents and keeps indefinitely. When kept in soft glass coi’biuiws, 
there may be a precipitation of silicates, but this does not affect its u n . 
and may be prevented hj^ keejiing the reagent in hard glass contauicis. ^ 
Since hemin is a dibasic acid, the phosphate is incorporated 
the solution and also to jireeipitate the alkaline earths where the 
used for the detection and estimation of dextrose in urine, otherwise mso 
magnesium and calcium salts of hematin are formed. 

The reagent vvas found to be unaffected by creatinine, chloio 
or polyphenols. From this standpoint, its usage in urinalysis jj 

The application to blood dexti-ose determinations will he the su je 
further communication. 


DETECTION AND QIL\NTITATI\'E ESTIMATION OF REDUCING SUGAR I>' ^ 

Five cubic centimeters of reagent and 8 drops of the 
are poured into an 8-inch by %-inch lest tube. The contents aie 
the tube is immersed in a boiling water bath, ivhieh should be o 
large volume that it continues to boil during the immersion. ” *1 ^ suiteW'^ 
dish of poi-celain, resting on the bottom of a pyrex beakei, mavcs ^ 

•The hemin tiseil in this study was prepared bv tfAno-Tir 

Armour Laboratories ac cortlinij to a modification of the to contain 

1932). Samples of hemin purchased from various other ^ei e without the n 

nitrogen, so that, on alkaline solution, they would be rcduceu by uexi 
of the presence of nitrite. 
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water ])ath; the evaporatiiijr dish furnishes a background wliich facilitates 
reading the change in color on reduction of the reagent. 

Reduction is signified by a ratlier siuklen appearance of a scarlet color; 
the time interval of change from the greenish of the unreduced pigment is 
siifilciently short to permit a readable end point for tlie reaction. 

Fig. 1 .shows the interval from the time of immersion to that of reduction 
of various concentrations of dextrose. Wliere it is desired to conduct a 
quantitative determination on the ])asis of the addition of the test solution to 
the reagent at the boiling point, a grai)h eonstriictod on this l)asis shows a 
Jihift of the entire curve to the left. This method of determination is not 
as convenient as that for which the graph is shown 



In urines of normal reducing power, reduction will occur in from fifteen 
io twenty minutes of boiling. Five minutes has been the arliitrary time limit 
*^et upon this reagent, for if reduction does not occur within this time, the 
«dne can jje regarded as being without a quantity of reducing sugar of 
pathologic importance. 

The reagent may he boiled directly over the free flame, as is the routine 
procedure for use with most of tlie qualitative copper reagents. Kight drops 
urine are added to the lioiling reagent, hoiling is continued for one mimite, 
|uul the mixture allowed to cool. The absence of reduction after a five-mmute 
uiterval constitutes a negative reaction. 
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TOLERANCE OP DIABETIC PERSONS FOR DEXTROSE 
DURING VARIOUS TIMES OP THE DAY==* 

JilAX WISIIXOPSKV, M.D., Arthur P, KaiVE, SI.D., William C. Spitz, M.R, 
AND Charles S. Ba'kox, M.D., Brooklyn, Pf. y. 


T he question of the tolerance of diabetic persons for dextrose during' various 
times of tlie clay is one of considerable scientific and practical iinportanec. 
Althougli this problem has been studied bj'^ many students of diabetes, it can 
hardly he considered as conclusively settled. In this paper, we shall review 
and discuss the literature on the subject and present some experimental work. 

The review of the literature may well be prefaced by the response to a 
query in which the editor of the Joiiriicd of the American Medical Association'^ 
answered in part as follows; “That the diabetic patient is at his worst in the 
morning', better at noon and best of all in the evening, is almost a proverb. 
In the morning his storage of carboliydrate is low and, as all agree, wlicthev 
in diabetes or in health that is the time he utilizes carbohydrate least well; 


at noon and by the night meal necessary quantities of carbohydrate have been 
brought into action and are being metabolized and in consequence the entue 
machine is running more normally. Many a diabetic patient can take ten oi 
twenty grams of carbohydrate on retiring and wake up sugar free. 

The stud.y of the blood sugar in diabetic persons during the day and night 
is of great importance. Petren- was one of the first to observe the (hop 
concentration of blood sugar during the day in persons with diabetes, hi 
diabetic persons he found that, the blood sugar one and one-half horns a 
the midday repast may even be lower than the “fasting level” at 8 a.m. ^ 
found further, that at certain hours of the day, the blood sugar may 
at all after the ingestion of food containing starch. The most complete vo 
on this subject is by Ilatlehol,^ wJio concluded as follows; During 
blood sugar curve does not exhibit a continuous decline, but is sii 
oscillations, its fall from morning to evening being followed hj* a rise dm 
night (Pig. 1). This ma.v be termed the paradoxical rise in blood 
oeeui’S in severe diabetics j not in the mild eases. It is not inflnenect 
character of the preceding diet, nor by food administered cluiiRg 
It is not due to musenlar inactivity or the giving of meals during > 

It may he assumed that this phenomenon is due to sleep or some 
simultaneous with sleep. Vesa'* has full}' confirmed the finelmgs o 
in the fasting diabetic person, and believes that it is not due to s 
an insulin-adrenalin ineehanism. lie contends, liowever, that the pa 


rise is rendered indefinite by meals. 

♦From the MeOical Service of Dr. Etlmuntl L Slilovin 
tabolism of the Jeu’i.sli Ho.-itjital, Brooklyn. 
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Foster' found that in normal individuals a second dose of dextrose given 
one to one and one-half lionrs after the first caused little or no rise in blood 
sugar. Ilamman and Ilirschinan® concluded from tlieir experiments as follows: 
(1) The ingestion of dextrose in normal individuals in some way stimulates 
the mechanism of carbohydrate disposal so that the repeated ingestion of the 
.'^ame amount causes a less marked hyperglyceuiia. (2) The same stimulating 
elfeet is noted in diabetes; the second dose is followed by a less marked 
hyperglycemia and glyeosiiria. However, the difference between the effects 
of the two doses is less marlvcd tlian in normal persons and varies in different 
stages of tlie disease. Po.ssiblj’, when the diabetes is very severe, the difference 
may completely vanish. It should be noted that the second dose (each was 
usually 100 Gm.) was given from two and one-half to three hours after the 
first; that is, when the glyccmic reaction from tlie first dose was declining or 
had just declined. 

Several investigators had made .similar observations previously. j\Iost of 
them maintained that the fasting liver or pancreas not ready for glycogen 
formation. Tlicy postulated that the hyperglycemia rc''ulting fi’om the first 
dose initiate.s the glyoogon-forming mcclianism w Inch cause.s a fall in the blood 
sugar, and that this mechanism, not having subsided when the second do.se is 
given, tends to prevent so marked a blood sugar coin'cntration after that dose. 

Jona.s, Jliller, and Toller" studied all-day blooil sugar curves in nondiabetic 
iiud diabetic individuals receiving meals equally divided Tliey noted that the 
highe.st blood sugar and urine sugar occurred <iftor breakfast, only when the 
interval between meals was short. They po.stulated tliat tins jnay not be so 
ivlieii the interval is long. Sai:agucbi and Sato-*' found that when identical 
meals ivere given three liours apart to normal individuals and mild diabetic 
persons, the second blood sugar curve was lower than tlie first. AVhen the 
interval was six to eight hours, liowever, the blood sugar curves were the same. 
In more severe cases of diabetes, even when the interval was only tliree liours, 
the Second blood sugar curve was not lower than the first. JlacLean and 
tie M’^esselowf obsei’ved that when two doses of dextrose were given four hours 
■tpnrt to normal individuals, the blood sugar reaction to the second dose was 

independent of the first. 

A decade ago Forsgren originated the concept that tlic liver works rhythmi- 
t^tilly in the performance of its various functions. Since then he has written 
extensively on this subject. He contends that the rliythmic function of the 
ii^er is not an isolated jihenomenoii, but an expression of rhythmicity of the 
entire vegetative system. This eoneeption, as far as carboliydrate metabolism 
i*^ concerned, Forsgren based on experiments he performed on rabbits.^® He 
fniind that in tliese animals, glycogen accumulated during the niglit disappeaied 
''*"<1111 the following morning. This phenomenon was entirely independent of 
■^o^d intake, and has been fully confirmed by Agren, Wilander, and Jorpes 
as a result of extensive experiments performed on rats and mice, concluded 

follows: Tliere are cyclic cliangcs in the glycogen content of tlie livers of 
rats, and mice wliicli are, to a large extent, independent of the intake 
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of food. Glycogen accnmulates in tlie liver during the night and disappears 
to some extent diu-ing the next morning. Similar periodical changes occur, 
though to a minor extent, in muscles also. 



Fig. 1. 


Chiefly with these findings as a basis, Por.sgren has evolved the coneepti®’’ 
of the rhytlimic f miction of the liver in the luiman being as far as gljcog® 
metabolism is eoueerned. He contends that during the night and early moniffic 

hours the secretory or glycogenolytic plmse oeeui's, which is associated 

At noon nie 


a rise in blood sugar and a decreased sensitivity to insulin, 
rlyeogenetic phase sets in; this is associated with a fall in blood sugar 


a«d 


meals 

in blood sugar 

most individuals 


an increased sensitivity to insulin, independent of meals. IIo^Ye^er 
given during the glycogenolytic plrase produce a greater vise 
than those given during the glycogenetie phase. In 
glyeogenetie phase occurs betrveen 11 A.sr. and 5 F.M., hut may vary 
MoIIerstrom^- and Hopniann and Martini’® are strong 
Porsgi-en’s conception of the rhytlmiie function of the liver. 
the latter gave two 30 Gm. doses of dextrose to each of 6 diabetic 
Both doses were given on the same day; one at 8 a.:m., the otlici a ^ 
The blood sugar was studied from 3 A.xr. to 7 A.at., and from 12 jjipc? 

In 3 cases the blood sugar curve.s iii the afternoon were 
in the morning ; in the otlier 3 eases ihe blood sugar curves in t 
were higher. 
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All ana/ysis of the literature leads one to roiiehule that the tolerance of 
persons u'ith diabetes for dextrose durhifr various times of tlic day can hardly 
be considered definitely settled. Tlie following criticism may be offered of 
tlie experiments in which repeated doses of caihohydrate were g'iveii. In tJic 
first place, in the majority of eases the interval hotweeii doses was short, so 
tiiat the second dose of dextrose was "ivcu when tlie '.dyceinic reaction from 
the first was declining or had just declined Furthermore, only a few cases u’oic 
studied. Sakaguchi and Sato studied the roadiin when tlie interval between 
doses was siiffieicntly long, but this was in \ery few instances. In the seeojid 
place, the subjects all liad mild diabetes, (’oii-lnsjons drawn from results 
obtained from siicli cases are not applicable to persons witli severe diabetes. 

Forsgren’s conception of the endogenous rlivTlimn itv of the liver is based 
almost entirely on animal experiments in which fix- ul.'cogen content of tlic 
liver M’as studied during various times of the day 11 ruist be said that such 
evidence is insufficient for the establishment <>1 a coti plum as to the function 
of the liver in the human being. Ilopmann ana ^l-umm’s exjierimcuts, in 
support of Forsgren’s idea, are insufficient in nnmlici' tonly 0 eases were 
studied) and show inconchisivc results. 

METHOD AN’D R.VTION'ALE OF I'HIK CiTlU: 

Experiments were performed on 20 diabetic jiersous vai’mng degrees 
of severit}*. Tlie subjects were alt adult, ambuiaton ♦'( males Only those 
taking unmodified insulin or no insulin wore stinlieil I’atieiits im protamine 
zinc insulin were excluded because of tlie jiroloniied a'dion of tlie drug and 
file undesirability of discontinuing insulin for long jteriiHls ot time Tlie effect 
of exogenous insulin was entirely eliminated by iiiiving those talcing the 
urifiiodified insulin discontinue its use for from thirty-six to forty-eight hours 
before the beginning and during the entire period of experimentation. 

To eacli of 20 persons with diabetes 70 Gm of dextrose in a 15 per cent 
aqueous- solution were given at 8 a.m. after a fast of fourteen hours, ypecimens 
of blood (venous) were taken at tlie fasting level, immediately before ingestion, 
and one, two, and three hours after tlic ingestion of the dextrose. The sugar 
(content of the blood was determined by the Folin-Wu method. Urine was 
NIeeted one and one-half and three hours after the inge-stioii of dextrose, and 
>ts sugar content detennined by the Benedict method. 

Two da.vs later, at 7 a.m., each patient received a meal consisting of two 
slices of bread, two eggs, and one orange. (The food value of this meal is 
^-■>fbohydrate 46 Gm., protein 18 Gm., and fat 12 Gm.) They did not receive 
aiiytliiufj else except water until 2 p.m., at wdiieli time they w'ere given 70 Gm 
dextrose in a 15 per cent aqueous .solution. Tlie specimens of blood and 
|tr;ae were collected at the same periods as wdieii the dextrose was given in 
*be morning two days previously. In the interval between the tests the patients 
^fceiied their customarv diets. 

ft M-iU he noted that the second clo.se of dextrose was given seven hours 
breakfast. It is reasonable to assume that the breakfast had been completely 
d'^^e.sted and absorbed, and that the glycemie and glycosnrie reactions produced 
' bad long since subsided. 
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Tlie question of tiie vaiiditj^ of comiiaving' Mood sugar curves of testa 
lierfonned tivo da 3 's apart lias been answered fulJ.v in several previous papers 
in whicli we used similar methods of experimentation. Briefly, it may he stated 
that dextrose tolerance tests, utilizing equivalent loads of carbohydrate performed 
on a series of diabetic persons two days apart at the same time in the morniii" 
reveal identical pljmeraia and glj’cosuria.^^ An.v differences in the blood sugar 
curves in the afternoon, as compared to those in the morning two days previously 
have, therefore, unqualified significance. 


ANALYSIS OP RESULT.S 


Inspection of the concentration of blood sugar both before and after the 
ingestion of dextrose in the afternoon, as compared with that in the morniug, 
revealed that iiersons with mild diabetes reacted in a manner sfrilcinglv diAerent 
from those with the severe form. Accordingly^ it became necessary to divide 
the cases into two groups. Purely'^ arbitrarily', those with a fasting blood sugar 
below 200 mg. per 100 e.c. of blood umre classed as mild or moderately severe 
cases, and those with a value above 200 mg. per 100 c.c. of blood as severe. 
The concentrations of blood sugar and amounts of dextrose in the nrinc before 
and after the ingestion of dextrose in the morning and in the afternoon, m 
pei'sons with mild and moderately' severe diabetes are recorded in Table I. 
In Table II similar data are recorded for the severe eases. The data in the 
tables will he analy'zed under tlie following liea clings: 1. Concentration a 
blood sugar at the preingestion level. 2. Concentration of blood siigai a ter 
the ingestion of dextrose. 3. XJrme sugar. 

1. Concenfratio 7 i of Blood Sugar at the Preingestion Level. In Table I 
(mild and moderately' severe diabetes) it will be observed that the 

S out of 10 cases are somewhat higher at S a.m. than at 2 n.N. ^ ® 
difference is only' + 7. The sev'ere cases react in a strikingly diffeient mann^^^ 
In all the eases the values are decidedly' lower at 2 p. J i. and the mean c i eva 
is + 63, ^ 

2. Concentration of Blood Sugar After the Ingestion of Bexiiose. 
mild and modeimtely' sev'ere eases (Table I) the values two lioius ^ 
higher in the afternoon in 8 out of 10 cases. The same holds tme 

of 10 cases at three hours postcibal. This is in contrast to the Pij 

preingestion level where the reverse is true; namely', in 8 out of 1 
value is higher at 8 a.m. 

In the severe cases (Table II) a distinctly' different picture 
In practically' every' case, at all levels, namely' one, two, au 
postcibal. as well as at the preingestion level, the concentrations 
in the afternoon are lower than the corresponding values in the mm ^ j^onnn.'- 
the blood sugar curve in the afternoon, while it parallels that m 


is at a distinctly lower level. _ diabetes (In’ 

3. Urine Sugar. — In persons with mild and moderately obsO''"'^'^ 

urine sugar values were studied in only 7 cases (Table I). 
that in C out of 7 cases the values are higher ni the 
collected zero to ninety minutes postcibal. Tin's may pai J 
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Tabi.k I 

COXCENTIIATION 0?' DlLVrKOSK IK THE Ill.OOD AND QUANTITY OK DEX’fJiCtSE IK THE IHUKE OK 

Persons With JIild and Moderately SnvEi:c Diabeiks in the JIcrkino and ik the 
Aftedkook Before and Aiter the Inofstion of 70 Gm. Dextrose 


DLOOn SUOAU 
. (PER 100 C.C. BLOOD) 


r\SE 

NO. 

FASTI.KO 

LEVEL 

1 HOUR 
rO.STClOAL 

2 HOURS 
postcibal 

.! IIULRS 

PO.SlcmAL 

0 TO no 

MIK. 

rO.STCinAL 

00 MIK. TO 

3 JIOUR.S 
POSTCIBAL 


S 

2 

9 

3 

10 

4 

11 

.5 






A.M. 

P.Jd. 

A.ir. 

P.M. 

A.M. 

P.M. 

A.M 

V \I. 

\M 

P M 

a.M. 

.. . 

1 

13!) 

180 

200 

328 

292 

339 

247 

2M 





2 

153 

127 

248 

931 

258 

203 

23U 

211 





3 

mum 

Oli 

1S4 

217 

204 

278 

^Oil 

2t;; 





4 

lod 

143 

30C 

274 

328 

345 

271 

2S-I 

2.1 

0.0 

1.5 

0.0 

5 

1S2 

124 

304 

292 

318 

Ena 

2U1 

IS'l 

1 1 

0.7 

1.0 

1.7 

6 

Hjj 

130 

30S 

307 

312 

30.S 

24 7 

jir 

1 0 

1.0 

2.4 

0.7 

7 

100 

188 

350 

312 

5oG 

381 

210 

271 

5.1 

1.9 

0.4 

3.0 

8 

14S 

132 

2S2 

218 


325 

2.37 

27t 

1.7 

O.S 

5.1 

4.2 

9 

127 

109 

274 

254 

252 

282 

i;a 


15 

0 7 

1.1 

1.3 

10 

00 


2SG 

330 

.325 

392 

2(i.: 

Mr. 

If 

1 C 

3.4 

4.:; 

•Means 

147 

140 

280 

2S0 

201 

3‘’2 

223 

217 

2.1 

0.90 

3 1 

2.1 

uiffeience 

+7 

+0 


n 

_ 


tl 04 

+1.0 

between 













means* • 














I RIM. SU(iAR 
(CM.) 


4 ^. *ne Sign is taken as phis when 
the value in the afternoon Is greater. 


, gieatfj ,in<1 afc rnmus ftheri 


TABLE II 


Covcrktr^tiok or Dextrose ik the B/xiop akd Quaktiiy ok dextrose ik the Urine of 
1‘ERsoxs ^ViTii Severe Diarete.s ik the Morkik<; ani> in the Akl’kiikook 
Before akd Atter the Ikoektiok ok 7o (Jm Dextrose 








BLOOD 

.SUGAR 





1 RINK 

SUGAR 





(MG. PER 100 C.C. BLOOD) 




(DM.) 












. ... 1 

' 90 MIK. TO 

CASE NO, 

FASTING 

1 HOUR 

2 HOURS 

' 3 HOURS 


.3 HOURS 


LEVEL 

POSTCIBAL 

PO.STCIBAL 

PO.STCIBAL 

' POSTCIBAL 

POSTCIBAL 


' 8 

2 

9 

1 ^ 

1 10 

4 

11 

5 

A.M. 

P.M. 

A.M. 

P.M. 



P.M. 

A.M. 

1 P.M. 

A.M, 

r.M. 

A.M. 


1 




1 

312 

245 


304 

1 513 

408 

409 

342 

12.3 

0.4 

25.2 

10.9 

2 

210 

100 

390 

' 342 

400 

,377 

,351 

288 

1.7 

1.4 

14.9 

3.1 


350 

298 

392 

300 

1 420 

410 

384 

330 

8.4 

7.1 

12.3 



242 

, 151 

, 378 

294 

400 

328 

202 

200 

7.0 

4.4 

9.0 


5 

208 

133 

400 

351 

.312 

270 

210 

183 

4.2 

2.0 




203 

179 

.302 

381 

.385 : 

388 

298 

300 

5.B| 

6.2 




235 

138 

449 

305 

540 1 

307 

470 

303 

0.5 

0.5 

,3.0 



237 

100 

385 1 

348 

449 

408 

342 

312 

5.4 

3.0 

2.3 



207 

210 

304 1 

348 

412 1 

392 

310 

310 

4.7 

4.5 




201 

180 

430 

435 i 

435 

440 

.345 i 

339 

8.8 

5.3 




253 

100 

404 

353 ; 

433 

37!i 

340 

292 

5.S8 1 

3.94 1 

9.38 

0.75 

difference 

between 

1 +03 

+! 

51 i 

+54 1 

1 +48 1 

+t.»f 

+2 

1 


means* 

! 




1 

-1 

1 

1 

1 

1 

'K'r-". . 



thevai»!'t taken as plus when tljc value In the moi-nmg is gic.-iter and ns minus when 

In the afternoon js gi cater. 


"= fact that tlie blood sugar i.s higher at 8 a. m . than at 2 r.M. in tliesc cases. 
" 4 out of 7 ca.ses tlio values are Inglier in tlie morning in tlie urine.s collected 
minutes to tliree liours posteibal. In the persons witli severe diabetes 
® '''llue.s are liiglier in tlie morning in 8 out of 10 eases. 
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COJISIENT 


Tile primary purpose of this work was to deteniiiue the tolerance of diabcd'e 
persons for dextrose during various times of the day. However, tlie jiietliod 
of procedure and the results obtained make possible the elucidation of various 
other related problems. The comment will, tlierefore, concern itself with a 
discussion of the relationship of the result.s to the following: 

1. Tolerance of diabetic per-sons for dextrose dui'ing various times of the 

day. 


2. Effect of repeated doses of dextrose on the blood sugar curve. 

3. Porsgren’s conception of the rhythmic function of the liver. 

4. Hatlehol’s so-called “paradoxical rise in blood sugar.” 

1. Tolerance of Diahciie Persons for Dextrose During Various Times of l!if 
Dag . — Our work is limited to a study of the tolerance of diabetic persons for 
dextrose in the morning as compared with the afternoon. The prevailme 
conceptions are fullj' discussed in the review of the literature. The results 
of our experiments on 20 persons with diabetes of varying degrees of severity 
are sufficiently clear-cut to permit the dr’awing of categorical conclusions. Tht 
findings indicate that no general law applies, but that a definite iiift'ereuce 
exists between persons with mild and severe diabetes. In mild and moclerstdi 
severe diabetes the tolerance for dexti-ose in the morning is equal to, if wl 
greater than, that in the afternoon. In se^'ere diabetes an entirely differeid pit- 
ture presents itself. Here the tolerance in the afternoon is significantly gveator 
than in the morning. The reason for this difference is in the present .stu 
of our knowledge inexplicable, and it would be futile to theorize as to t f 
mechanism involved. 

The prev’ailing impression is that the difference between mild and se^^ert 
diabetes is purely a quantitative one. The difference in tolerance foi 
in the afternoon as compared to the morning between the 
marked, however, that tlie suggestion may be made that a qualitative c i c' 
is also present. ^ 

2. Effect of Eepcated Doses of Dextrose on the Blood Sugar Cm rc- 

Hamman and Hirsehman,® and Sakaguchi and Sato® found tkat m 
indivuduals and in persons with mild diabetes a second dose of clextiose pio 
a lower glycemic reaction than the fii-st one. The explanation given 
the fasting liver or pancreas is not ready for glycogen foiination. 
noted above that in tlieir experiments the second dose was given 
glycemic reaction from the fiivst dose was declining or bad .pis , 

Maclean and de M^'esselovv,® in normal individuals, and j'^ivceinh' 

in diabetic persons, observed that vvdieu the iuterv-al was long, of 

reaction to the second dose vvms independent of the first one. h 
persons with mild diabetes, the intei'val between breakfast anc 

of dextrose was seven hours. The glycemic reaction resulting lom jes^t 

had long since .subsided. The blood sugar curve in the 

obtained in tlie morning 


equal to, if not bigber than, the one 


of an equal amount of dextrose. These findings are in comp gouciib’®’^ 
those of Maclean and de Mfrsselovv', and Sakaguchi and Sato. 
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to be drawn is that tlie capacity of the fasthifr liver (fourteen hours’ fast) to 
.‘tore glycogen in the morning is no wor-se tlian in tlie afternoon, seven hours 
after the inclividiial has had a breakfast coutaiuiug a moderate amount of 
earboliydrate. 

3. Forsgren's Conception of the Rhythmic Function of the Liver. — ^Briefly, 
Forsgren conceives as follows: 1. During tlie night and early morning, the 
secretory’ or glycogcnolwic plia.se. which is associated with a rise in blood sugar 
and a decreased sensitivity to insulin, occurs 2 At noon the glyeogenetic 
phase sets in, and this is associated with a fall in blond sugar and an increased 
sensitivity to insulin. 3. Heals given during the glycogenolytic phase produce 
a greater ri.se in blood sugar than those given during the glyeogenetic phase. 

If Forsgren ’s conception is tenable, it shouM apply to all diabetic persons, 
ami especially to persons with mild diabetes, .since it is m this group that the 
capacity to store glycogen is greate.st Our hiulinjrs indicate, however, that 
no general law applies, and that it is in the mild cases that the tolerance for 
dextro'^e in the morning i.s at Ica.st equal to. if not greater than in the afternoon. 
Accordingly, Forsgren ’s conception must he considered untenable in diabetic 
human beings. 

4. SailehoVs So-Called Paradoxical Ri^c in Blood Snynr. — As previously 
noted, Hatleliol found that the blood sugar fall.s decidedly during the clay in 
severe diabetic persons, but only slightly in mild cases ITe also noticed that 
this fall is uninfluenced by meals. A study of the preinge.stiuii blood sugar 
value.s (Tables I and TI) at 8 A.^r. and 2 p.m fully confirms Hatlehol’s findings. 


CONCLUSIONS 

1. The tolerance of diabetic persons for dextrose in tlie afternoon, as 
compared to the morning, was studied. It was found that no general law 
applies. In mild and moderately severe forms of diabetes the tolerance in the 
morning is equal to, if not greater than, that in the afternoon.^ In persons with 
■'’Cvere diabetes, however, the tolerance is distinctly better in the afternoon, 

2. The capacity of the liver to .store glycogen in the morning, after a fast 
of fourteen hour.s, is no worse than in the afternoon, seven hours after a 
breakfast containing starch. 

3- The findings made here make For.sgren*s conception of the rhythmic 
function of the liver untenable as far as carbohydrate metabolism is concerned. 

4. Hatlehol’s findings of the paradoxical ri.se in blood sugar is in part 

confirmed. 
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DIFFICULTIE.S ENCOUNTERED IN A TEST FOR STANDAHDIZATIO^^ 
OF TOXIN USED AGAINST SCARLET FEVERS- 


Betty S. Kolchin, Ne\y York, N. Y. 


T he Dick reaction as a diagnostic method and as a guide to imnninitj^ ins 
been accepted as a routine procedure by the attending staffs of ho-spitas 
for contagious diseases. However, certain anomalies of the test are hnoi'® 
to exist. The discrepancies become particularly disturbing ivlien they appear 
during the standardization of preparations used for testing and imnnmiang 
purposes. The source of the irregularities is not limited to one sing e ac on 
We are here presenting a limited grou]} of obsei’vations in the hope la 
maj’' help to remove some of the complicating factors in standardization 
of preparations used for prevention of scarlet fever. 


HISTORICAL 

In 1925 Joe,^ in a comprehensive clinical study of the Dick 
the changing of a positive i-eaetion to a negative, or vice versa, v ion r 
were made eight hours and again twenty-four hour's after jni- 

same year, Zoeller and Manoiissakis reported a study of the influenee on^ 
mnnity of repeated injections with one skin test dose. He pom e o 
some individuals a refractory condition of the skin developed, n 
reaction was not associated with the development of (Uj-hf 

O’Brien" in 1930, reporting a careful study by Okell anc u 'jiatchhoi 
Titration of Scarlet Fever Toxin,” concluded that the ami hy 

two toxins would be possible only by a careful choice o su jjjjggjjtrti. 
several readings of the reactions at different intervals a tei jjjti 

MeGibhon^ in 1934, from his observations on the Dick tes in 
convalescents, concluded that readings within the fir.st six ec 

• From the Bureau of Laboratories. Department of Health, New to 
Kccoivecl for Dublication, July 28* 19351. 
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give a higher percentage of positives than readings made twenty-four hours 
after injections. Smiley'^ in 1935 suggested that inconsistencies were due to 
previous injections altering the response of the skin to subsequent skin tests. 
Ker® in 1937, in “Some Observations on the Dick Test’^ made in a study 
prompted by a run of anomalous reactions, stated that “the best interval to 
allow between performing and reading is probably between 12 and 18 hours.” 
He also stressed the importance of the proper site for injecting. Blore recently, 
the Dicks^ showed that 10 skin test doses injected intradermally produce in 
some individuals a local skin immunity rcgardlo.ss of their general susceptibility 
to scarlet fever. 

OBSERVATIONS 

For some time we have been experiencing difficulties while standardizing 
our testing and immunizing preparations on skins of imstitutional children. 
Much irregularity has been noticed, both in individual tests performed on a 
group of children on the same date and successive tests with the same prepara- 
tions on different dates. In the first case, one preparation would appear much 
stronger than the standard on some children and weaker than the standard 
on others in a disproportionate manner. In the second ease, a preparation 
would appear stronger than the standard on one date and weaker on another. 
The cause of these distressing facts was not understood, but was eventually 
suspected. As all the technical factors in these tests were carefully checked, 
we directed our attention to the medium on whieli the tests were performed, that 
is, the children. The possibility of a peculiarly modified local skin condition was 
considered. “With this in mind, we planned the te.sts. 

EXPERIMENTAL 

I. Discrepancies in Simultaneous Reactions in Different Skin Areas of the 
Same Individual, 

Experiment 1.— Two Dick preparations made up simultaneously in ex- 
actly the same manner in large gallon bottles were tested at the same time 
ogainst the standard toxin on two groups of children, 15 in each group. Each 
^oxin preparation to be tested and the standard Dick preparation were in- 
jected twice in each child. The results were surprisingly enlightening. One 
preparation was considerably stronger tlian the standard on one arm and 
Weaker on the other; or the same preparation would give a stronger reaction 
one arm than on the other, or would be completely negative on one and 
®^>'ougly positive on the other. The standard preparation itself gave different 
^^aetions in two different areas injected at the same time on the same indi- 
'ndual The range of variation was from strongly positive to weakly positive 
0^ from strongly positive to completely negative in about 50 per cent of all 
positive reactors. Protocol 1 of the first test illustrates this fact. A similar 
was repeated with three other preparations following the same plan and 
0 results were very much the same. 

A circumstance should be pointed out that approximately coincided in time 
tlie foregoing oliservation : the transfer of our testings to an institution 
cliildren spend many years and are subjected to repeated injections for 
•'^^iiostie, immunizing, or investigative purposes (diphtheria, tuberculosis, 
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Pkotocol 1 

Three Prepakatioks op Dick Tdxix Each Injected Simultaneously on Both Auhs 


GROUP I 

1 DICK PREP. NO. SS j 

mCK I'REP. XO, 1 

39 

STAN'DAUU PICK IMXP. 

I S.T.D.* 

H. L. 

C. T. 

10 X 20 ! 

12 X 

15 1 

11 

X 10 



- 

im 

D. L. 

i 




— 





J. M. 

25 X 42 ! 

22 X 

25 

11 

X 15 

13 X 

17 

11 X 15 


G. F. 


10 X 

12 


- 



_ 

Ox!) 

S. S. 


- 



- 



_ 

- 

A. L. 

10 X 16 

15 X 

16 

15 

X 15 

15 X 

18 1 

- 

20 X 2(i 

A. M. 


- 



1 

- 

1 


- 

C. S. 

16 X 19 

20 X 

19 

16 

X 17 

20 X 

.30 

9 X 10 

20 X 1C 

F. Z. 

15 X 20 



12 

X 14 

12 X 

35 

- 

11 X D 

A. S. 

20 X 24 

21 X 

26 

20 

X 24 

17 X 

21 

10 X 10 

21 X 2,'i 

I. 0. 

B. N. 

E. N. 


12 X 

17 


- 

10 X 


- 

30 X 32 

M. Z. 

i 

- 



i 

- 


i 


Group II 

DICK Pr,EP. NO. SS 

DICK PREP. NO. 89 

STANDARD DICK PEEP. 

1 S.T.D.* 

J. G.t 

E. B. 

P. D. 

1 

! 

10 X 12 

- 


12 

X 12 

32 X 

11 

12 X 11 

- 

B. F. 

E. K. 

lo X 20 

9 X 

10 

14 

X 14 

15 X 

15 

10 X 9 

20 X 2c 

M. S. 

- 

- 



- 

- 


" 

** 

A. tv. 

vr. G. 

J. G. 

U X 20 

12 X 

12 


- 

11 X 

14 

10 X 10 

- 

B. H. 

- 

1 



- 

i 


- 


B. W. 

J. 6. 

J. B. 

T. M. 

J. P. i 

20 X 22 

12 X Id 

15 X 

10 

12 

1 

X 11 

IS X 
10 X 

20 

10 

11 X 14 

IS X IS 


Bach double column represents the same preparation in coriesponrting aicas 
right ami. 

♦Skin test dose. 
tReactions were not road. 

- =: No reaction. 

ote.). Whether these result iu a teinporary state of local iuuiuinit.' 
streptococcal toxin or, on the contrary, in increased local sensitiiitj vs 
or nonspecific), we leave for subsequent discussion. Here "c 
mention that either of these induced conditions might be the cause o 
crepancies under discussion. _ 

II. Discrepancies in Results in Two Successive Readings at Eicl' 
and Twenty-Two Hours After Injection. \eserif>f<^ 

The possibility of the existence of another factor creating 
discrepancies, a factor that may add to the distorting cjiiJiirfU' 

injections, occurred to ns for the following reason: Some noima^ liicdy 
such as those in private practice, Avhere no repeated injectioiis^ai ^ 

have taken place, sometimes give irregular and contradict oij S' .gactions*'’ 
ings. In view of the peculiarly early apiiearance of the 
the hemolytic streptocoeens toxin, it seems possible that in flisapp''^’'' 
an early appearance of a jmsitive reaction is followed by its 24 liOiin 

anee and is thus missed at the established time of reading-^''^^^ jPi-nloo'! 
With this ]iossi1)ility in view, another experiment was eainec on 
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Experimcnf 2. — Forty-three iiidividunls, most of them known to l)e positive 
reactors, were inoculated wjtli a total of 258 injections (3 injections on each 
arm of every individual) at 10 to 11 a.m. The results were oI)scrved and 
measured twice: within 7 to 8 hours and afrain the next morning- — witliin 21 
to 22 hours after tlie injections were made. The e(mii)nrison of tJie two series 
of readings confirmed tlie supi)osition that time was a factor in tlie irregu- 
larities observed. Tlie results were as follows- 43 (Tal)le I, first test) indi- 
viduals received 6 injections each; of these. 23 individuals gave negative 
reactions to all G injections in 7 to 8 hours, ami remained negative during the 
second reading in 21 to 23 hours; 10 individuals gave all jiositive reactions to 
the G injections and these t(»o remained unchanged in 21 to 23 hours. This 
gives a total of 33 individuals (out of 43) with unchanged reactions for two 
readings — whether jiositivo or negative. However, the remaining 10 in- 
dividuals (out of 43) gave reactions that rewrsed het^veen the two readings, 
these reversals working both way.s. 'I'wo individuals changed reaction from 
negative in 7 to 8 hours to J)o.siti^'e in 21 to 22 innirs, and 8 individuals reversed 
reactions in tlie opposite direction, being positiw at tbe first reading in 7 to 8 
hours and becoming comjdetely negative at the time of the second reading in 
21 to 22 hours, (The change of reactions in an indi\ idual affect.s one injection 
or more than one, and ocensionally all G.) 

TADIiE I 


Summary of 4 Tl.sts 





KU-MBril 

OF INDIVimJAl~S WITH AM- , 

NrxUtEi: (JF I.VIUVIUUALS WITH 

Iv’UMBER 

oy 

TE.ST 

1 OF 
, INDIVin- 

URACTIOK!? UNCIIAKOCD IN 
IinADINOS 

noTii 

('ll 

l!E.\mONS IN AT LE 
INJECTION 


UALS 

1 AT.L 
' NEGATIVE 

1 ALE 
' I'OSITIVK 

total I 

VF.i; 

(’F.NT 

] 

+ TO - 

TOTAL 

PER 

Up 

Snd 1 

Sril ' 

Uh 

IN EACH 
TEST 

! ON- 
iCUANOKn 

-10+1 

CIIANOED 

CENT 

4» 

33 

37 i 
47 

23 

20 

20 

.33 1 

1 10 

3 

0 

() 

g 

20 

30 


2 1 
s 1 

s 

10 

4 

11 

8 ' 


lotal 

lUO 

JOS 1 

10 

127 

70..'> 

J4 1 

(S.7o^c) 1 

10 

(11.09^) 1 

33 ^ 



I'liree additional similar tests were j>crforincd with double readings, each 
test representing a diffci-ent type of result : Tost 2 with an even proportion 
"t “positive-fo-negative” and' “negativo-to-positivc” changes; Test 3 with a 
Pi'«Ioininance of the “positive-fo-iiegafivc” change (as in the first test aii- 
“Ivzed in detail) ; and finally, Test 4, in which, on the coiifrary, an increased 
•aimber of positive reactions were oliscrved during the second reading ^with 
in this group of 47 individuals showing an early jiositive reaction cliang- 
'"K to a negative the next morning. 

Thus the four e.xperinients rcjiresent apparently all types of constancy 
m clmngeability between readings taken at two different time intervals 
‘"c summary in Table I brings out the following: In four tests with a total 
"YCO individuals, 127 persons, or 79.5 per cent, gave “stable” reactioms, 
'‘ithcr positive or negative, during both readings. The remaining 33 indi- 
'■Kluals, or 20.e per cent, with changing reactions gave the following distritni- 
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Protocol 2 

Three Preparations of Dick Toxin Each Injected Simultaneously on Both Anns, With 
Heactions Observed in S and 24 Hours After Injections 



DICK PEEP. NO. 195 

18 X 15+ + 
12 X 14+ 

18 X 23 

13 X 20 

13 X 16 
Scratched 

8 X 10+ 


DICK PREP. KO. 198 


STAXPARD PICK PKEP. 
1 S.T.B.* 


18 X 15-i-+ 18 X i5{-T 
15 X IGf 1( X 2ftf 



14 X 15± 


lU X 20 14 X 20 20 X lO-f- j 8 X 10 j 12 x 12 ) 11 x 20 

15 X 24 14 X 23 1C x 21+ 10 x 15+ 10 x 12 j IT x 20rl 
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PROTOCOI. 2 — C0XT*D 



PICK PREr. NO 

. ipj 1 

PICK pwir. NO. lOS 

ST.VXPAKD PICK rKF.P. 

1 S.T.D.* 

K. T. 

IS 

X 2S 

IS 

X 

30f + 

10 

\ 

2b 

1 is 

X 

20+ + 

10 

X 

18+ 

15 X 

20+ 



X 22 

IS 

X 

20± 

' 15 

X 

20 

1 >1’ 

X 

20± 

14 

\ 

15+ 

10 \ 

10+ 

US. 

2(1 

X 22+ + 

IS 

X 

20+ + 

H9 

Q 

Qxl 


B 


10 

X 

20+ + 

20 X 

25+ + 


17 

X in 

IvS 

X 

25± 


a 



B 

ia 

15 

x 

10+ i 

US X 

23+ 

w, y. 

2:i 

X 22 

10 

X 

15+ 

1 10 

X 

20+ + 

1 15 

X 

10+ 

10 

X 

10 

10 X 

15 


1 2t* 

X 30 

lo 

X 

10± 

1 

X 

12± 

! 

- 


10 

X 

14+ 

11 X 

14+ 

S.M. 

! ' 

X 1 

' 

1 ^ 

X 

G 


il 

X 

10 


V..M. 

20 

X 23+ + 

20 

X 

27+ + 

20 

X 

20f + 

25 

\ 

.HI.- + 

20 

X 

22+ + 1 

1 20 X 

25-t- + 


' 2(1 

X 2(>+ 


- 


! 20 

X' 

2Sf 

! 25 

\ 

2Si 

20 

X 

22+ 1 

1 25 X 

30+ 

i^.G. 

' - 

! 

1 

1 - 



s. w. 





... 


U B. 

17 

X 22 1 

10 

X 

20 

20 

X 

24 

1 


21* 

15 

X 

18 

1 23 X 

20 



X 2-1+ + 1 

111 

X 

20 

IS 

X 

20 

1 2(' 

' 

•J4 

17 

\ 

20 

1 20 X 

25 

y.s. 

s 

X 8 ! 





« 



_ 


p 

X 

10 

1 




X lo 1 


- 


10 

X 

14 

1 

\ 

11 

1.1 

< 

IP 

12 X 

12 

BS 


s 

X 

S 

s 

X 

10 

- 

0 


s 

~ 


Pw 

X 27 1 

10 

X 

20 + + 

10 

X 

20+ + 

20 

V 

.:5- + 

18 

X 

23 

IS X 

10 


i»g 

X 28 

10 

X 


17 

X 

25* 

20 

V 

liV 

IS 

X 

2’2 

. 20 X 


It.C. 


- 






j 





- 


' 




- 


- 



- 



- 



- 


- 


'.11, 


- 




"7 

X 

I 




7 


7 

- 




- 


• 



- 

j 


- 



- 


' 


W. Hr. 


- 

7 

X 

7 


- 


S 

X 

s 


X 

S 

1 




- 


- 






- 



- 


- 


A. J, 

10 

X 13 

“is 

"vT 

IS 

”Io 

X 

10 1 

10 

\ 

20 

17 

X 

15 

! 17 X 17 



- 



1 


- 



- 



- 


- 


A. L. 


- 





"T 

j 


- 



- 


1 


^ — 



“ 



1 



-T. 





1 



1 ** 



rcsnoBThi,!. column ropros«onts slinultumHm.'* InJ^Ytions with tijo sjuii*' nuiifimi m coi* 

rcspomuns ureas of left nn.l rWit arm. 

twhecthefy lower n'sults on mch line roprr.«oni the K hours’, ami :*1 to horns’ rciullnss. 
•Skin test iioso. 


thin,^ 14 ^ oj. p -jj wei’o «i the cml of the first dny, turuiog to 

Ws'Uvc the next inoi-niiig; 19. oi- 11.9 l)er cent, .showed the oi)i)o,sitc positive 
during the curly rcadiiip: (7 to S hour.s) and disappeaviii" to totally nerrative 
“I the last reading iu 21 to 22 hour.s. The 11.9 per cent includes eases with 
Reactions that changed from positive to negative: in some of them only one 
reaction ehanged; in otUer.s. 6 reactions eliaiiged, while in most of them, the 
aiiiiiher of positive-to-negative revei*sals was between these two extremes. 
Considering that iu an ordinary Dick test any one of tliese si.x sites miglit 
ote been selected for the injection, even the eases in which tliere is only one 
r o'lge of reaction should he considered significant. 


DISCUSSIOS 

The observed anomalies iu a toxin-staiidaixlization test hear an annlog.v 
peculiar phenomena oeenrring on the skin during an acute disease 
"helher caused by Strcptococeus liemoUiticus or hy an iinrehited infection. 

Ill 3821 Ziiigher" described ohservafions in scarlet fever jiatieiits in wliom 
®te of a previous Dick positive reaction appeared entirely blaiiclicd out 
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amid the surrounding intensely red scarlatinal rash. He ascribed tins to 
local cellular immunity caused by a previous injection of the Dick testing 
dose. He also gave the same interpretation to a similar observation on scarlet 
fever iiatients by Moriivaki.” On the other hand, evidence of an opposite 
nature has been seen in patients rvith either scarlet fever or acute diseases of 
a different origin than Streptococcus liemolijticus, such avS staphylococcus or 
measles. It was brought out by Ferry,'* Tooiney," and Moriwaki® that tk 
site of a previous Dick reaction becomes greatly intensified in color during s 
subsequent attack of scarlet fever, measles, or acute staphylococcus infection. 
These authoi's agreed with Toomey” that the ohsevved phenomenon was 
caused by a nonspecific sensitization of the skin in a previous Dick test. Con- 
firming these two opposite types of observations, Goodall’- in 1936 preseut«i 
an interesting case, which combined the two features described : During an 
attack of scarlet fever one previous site of a Dick reaction was lilanched out, 
while another (of an earlier date) on the same patient reappeared as a po.si- 
tive reaction sharply sejrarated from the scarlet fever rash by its intensifio 
crimson red color. 

The described phenomena refer to observations of a site of an old Dick 
test during a subsequent illness cau.sed either by Streptococcus ticmohjticvs 
or by different infection (staphydocoeeus, measles). How^ever, these obsena- 
tions seem to throw light on the paradoxical results in a Dick test itse . 
a previous injection with one skin test dose is sufficient to pve\ ent 1 >e ap^ 
pearance of rash in the presence of the circulating toxin in a^ scai et cw 
patient, how much more chance there must he for the jirevention o a i 
positive reaction in a nonimmune healthy person when only one sv'R 
dose of testing toxin is subsequently injected. On the other hant , an ^ 
tensification of a previous Dick reaction in the preseixce of mens es 
staphylococcus infection suggests nonspecific sensitization ana ogous 
positive reaction in a generally immune healthy jicrson, cause >) 
injections with unrelated antigens. The evidence in our own expeiieiicc i 
to the same cause. Eepeated iujeetions for diagnostic and .,„ii 

poses with different antigens used in a large institution foi ^ 
immunizing purposes modify the normal sensitivity of ^ 
sible ways: some areas (in certain children) become re 
quent injections with the Dick material, causing false negane 
others become unduly responsive, causing false positive reactions. ^ 

With regal'd to variations of results produced by an tlw 

positive reaction, the reason is not very clear. There is a j-pstiil 

same factors causing pseudonegative or pseudopositive leae ion j,„. 

in an early fading of a positive reaction — if either^ the oea 
munization of the skin by a previous injection was ineonip e a 

sensitization by a nonspecific substance was incomplete. R 
reaction of brief duration is conceivable. 

SUMMARY AND CONCLUSIONS ^ ^ ^ ^ ^ 

1. Irregularities in skin I’eactions have caused difficulties in 
of scarlet fever toxin preparations. 
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2. Evidence presented in this paper and in works previously published 
points to repeated injections as a factor in an altered reactivity of the skin. 

3. The following safeguai-ds against difificiiltie.s in standardization tests 
in institutions where repeated injections are practiced arc suggested: Two 
injections of each unknown prei)aration should be made against two injections 
of the standard toxin in each individual in a lest. Therefore, only two toxin 
preparations could be standardized in a single tost with a group of individuals, 
instead of the five preparations ordinarily tested 

4. Two readings of results — in 7 to 8 hours and in 21 to 22 hours — are 
preferable when convenient and practical. A more suitable interval between 
injections and single readings might be worked out thi’ough a greater number 
of observations. 

_ We wish to acknowledge our Indebtedness to Dr. Moiri^ Sltgol and Dr. I J. Brlghtman for 
iheir verj* helpful cooperation In the matter of arranging for and especially for the pie- 

cision and care with which the injections were made. 
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modification of huddleson’s opsonocytophagic 

REACTION' 


Royau, Cai.dku, Jl.D., San A-N'tonio, Texas 


op.sonocytophaf 4 ic i-e.nction, introduced in 1933 by Huddleson and bis 
coAvorkers,^ has assumed a position of considerable importance in the diag- 
nosis of 'brucellosis and in gauging residts of treatment. Ilowex'er, the teebnigue 
“s originally described is difficult, in that scrupulously clean glassware is es- 
sential, the examination of leucopenic bloods is time-consuming in thin prepara- 
tions, and there is danger of infection if the two cover-slip method of spieading 
|>ie blood is employed. Tlie.se difficulties tire Ifirgely eliminated by the follow- 
i^ difiention. 

*^om the Clayton Foundation for Research. Petroleum Bldg., Houston. Texas. 

Received for publication. July 20. 1930. 
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Cleanmg of Glassware. — T]ie glass slides may be cleaned satisfactorily 
by washing well in soap and hot water. Sodinin hexametaphosphate (sold by 
nnmerons scientific supply houses under the trade name of Calgon and Cal- 
gonite) is an aid if the water is hard. After drying, the slides are washed in 
automobile antifreeze solution (such as Du Font’s “Five Star”), which is an 
inexpensive excellent grease solvent, and polished with a clean linen cloth. 

Prevaration of Spreads . — ^After incubation of the mixture of blood and 
organisms as .described by Huddleson, several large drops of cell sediment 
are pipetted from the bottom of the tube, placed on one end of a slide, and 
spread in the usual manner by dragging the blood with another slide held at 
an angle, stopping about a half inch from the end of the bottom slide. Then 
the top slide is held loosely and dragged back with an uneven motion, so that 
a very thick layer of blood results. 

The slides are dried as quickly^ as possible under an electric fan. They 
are then immersed in a solution of 1 per cent acetic acid in distilled water 
contained in a Coplin staining jar and allowed to remain for several minutes 
until dissolution of the red blood cells is effected ; the addition of 5 per cent 
commercial formalin to this solution contributes to safety but is probabl) 
unnecessary and has the disadvantage of causing additional shrinkage of the 
leucocytes. The slides are wmshed through at least three changes of distilled 
water to remove all traces of acid (excess of acid interferes w’ith staining). 

The preparations are stained with Bordet-Gengou’s carboltoluidine blue, 
as suggested by Dr. Alice Evans. This stain is superior to Hastings or 
Wright’s stains because cytoplasmic structures, such as normal and 
granules, do not take the stain and hence cannot be confused w’ith engi o 
bacteria. Bordet-Gengou ’s toluidine blue is prepared by dissolving 5 m- o 
toluidine blue in 100 c.c. of 95 per cent ethyl alcohol, 500 c.c. distille vaer, 
and 500 c.c. 5 per cent phenol. It should be filtered after standing for one or 
two hours, and diluted with two parts of distilled water before being use^ 
for staining. The slides are stained for fifteen seconds, and w’as e I'l 


distilled water. 

Preparations made in this manner are easily read and interpiete 
experience, for the leucocytes and bacteria stand out as deeply 
tures against a faint, blue background. If care is taken to selec iso^ 
leucocytes for examination, avoiding clumps of cells and agg n jgjj. 
ganisms, the degree of phagocytosis can be determined speedily an acci 
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SYPHILIS, Serologic Discrepancies in, Crawfoid, G, M., and Ray, L. r. J. A. Jl. A. 113i 

1710, 1031). 

Of 2,SG2 new patients ailniitted to the tliim* at the Mahsacliusetts Genoiul 

Hospital in a two-year period, 335 late cases showed a injsttne Ilniton and a negative Wassei- 
mann reaction. Tliis group was studied oxhaustneU foi additional evidence of syphilis. 
Xearly oO per cent of these patient.s were found to exhilnt a llJ.^folv or physical or laboratory 
evidence of tlic disease along with a repeatedly jai-'itiM’ lliiitcoi leaction. Another 25 per 
cent were diagnosed as syphilitic on the hasis of a peisistentlx jK*Mti\e Hinton reaction alone. 
In 12.5 per cent a vacillating serologic reaction and lack ol nf ln-i m ulence created indecision 
as to the presence or ab«enco of syphilis. In the rcmaimnj: 1 pci cent the one initial 
positive reaction, followed liy repeated negnt^^o roactioiii, nti-< licld to be a technical error. 

The average age of the. entire grtmji was -12.^ yeai- The known average duration of 
syphilis in the clinically active group was 21.5 jeais lu aequued ‘um*-* The average age ot 
congenital sypUiUtic patients with active disease was 25.3 yeul^. tin- oldeit of wliom was 30. 

False positive reports wore computed to allow for the widest po^slbU' nmrgin of error. 
All uadecided cases aud all tcolinical errors were included. Compaung tins number with 
all new specimens examined by the laboratory during the tinio of the ‘‘tudy. a figure of 0.42 
per cent of false positives was obtained. This corroborated clinii’nlly the high degree of 
specificity attained by the Hinton test in congr^s-'*‘JS on sctologic test*; 

streptococcus VIRIDANS, Bacterieiiila Following Extraction of Teeth, Palmer, N. D., 

and Kemple, M. J. A. A. 113: 173S, 1930. 

Seventeen per cent of a group of S2 patients who liad not more than two teeth extracted 
hud transient baetoriemia. In 13.4 per cent of those the organism was Sti-eiitococcus! vindans, 
la four cages of subacute bacterial endocarditis the onset of septic symi'toius dates from 
the time of dental manipulation. 

Bacterieniia is present in an api>rccial>le percentage of cases of severe oial sepsis 
•fidepeudent of operation. Organisms "Icak'^ into the circulation from such focu Trauma- 
tization of the diseased alveoli laden with Streptococais vindans causes dispersion of these 
iirganisms thiough the blood stream in a high percentage of cases. The percentage is roughly 
parallel to the severity of the infection in the gums and to the extent of the operative pro- 
'fiiure. This may be purely mechanical dispersion lather than invasion. In persons witli a 
normal vascular system and a normal defense mechanism, this form of bactericmm is rela- 
J^'oly unimportant. Tlie circulation is usually cleared of the invavleis within, a few minutes. 
Hypor.-useeptibility of the tissues due to long-continued oral sepsis is speculated upon by 
yecil. jjx person.? who have pre-existing ihemnatic valvular le.sions or congenital defects 
J® the heart, localization of the organism on such vulnerable areas during the transient 
hacteriemia, which so often follows dental operations, may herald the beginning of an en- 
E^iiftcd bacterial endocarditis. 

Malaria, Sulphanilamide (Prontosil) in the Treatment of, Niven, J. C. Inst. Jf. Re- 
search, Federated Malay States, Bull. 4, 193S. 

An investigation is described in which SO pci.sons with acute malana treated with 
Prontosil are compared with CS persons treated with quinine bdiydrochlonde. 

It is found that prontosil is not so efficient as quinine in P. falciparum malaria. 

Fiontosil is still less efrcctivo in P. vtiaar and P. malariae malana. 
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Proiitosil is not an efficient gametoeide in either P. falciparum or P. riror malaria 
Alosquitoes fed on "crescent” carriers after seven-day treatment with prontosil were foirc.i 
to lie readily infected. 

No toxic effects were noted. 

It is concluded that, although prontosil has some lethal action on malaria p.araats. 
especially P. falciparum, it has no place in the practical treatment of malaria owing to it; 
low efficiency, possible toxicity, and relatively high cost. 


GONOBEHEA, Sulphanilamide and Its Derivatives in the Eoutine Treatment of, in the 
Tropics, Boynton, J. O. Inst. M. Eeseareh, Federated Malay States, Bull. 5, 3?3S. 


An attempt is made to show that sulfanilamide therapy is a better and cheaper rontisc 
treatment for gonorrhea in the hospitals of ilalar-a than other fonus of treatment at preset 
employed. 

In a series of 98 persons treated with sulfanilamide, 70 per cent were clinically curd, 
the majority within a fortnight. 

A series of persons treated with uleron showed this drug to be far less effective this 
sulfanilamide. 

No dangerous toxic effects were seen either with sulfanilamide or with uleron, stii 
minor effects, such as giddiness or fever, disappeared immediately on suspending the treatniea;. 

The results suggest that the Tamils tend to respond less favorably and are more liahb 
to minor toxic effects than are the Chinese. 

Total and differential leucocyte counts before and after treatment showed, in tic 
majority of instances, that with sulfanilamide therapy these counts tend to return to nonral 
as the result of a course of treatment. 

In using sulfanilamide as a routine treatment for gonorrhea it is important that a 
definite schedule be followed and that certain precautions be observed. These are discusifd. 

In tlie course of completing these series of eases it became clear that sulfanilafflid? 
therapy is far more popular with Asiatic patients than previously employed forms of tuMt 
ment. It is suggested tliat if it were introduced as a routine it would incite afflicted 
to present themselves at an earlier stage of the disease, reducing the incidence of serio- 
complications, the activities of quack medicine vendor.s, and possibly, over a number of jear.. 
influencing the incidence of the disease by reducing the number of chronic infections ’ 

It is suggested that sulfanilamide is unsuitable for self-administration and shou ' 
be available for open purchase. . . 

Other sulfanilamide derivatives have been the subject of favorable reports, in pa 
AI & B 693. At present the pirice of the latter militates against its routine e!npo.'»2 
tropical liospitals for the treatment of gonorrhea, , 

This investigation was completed in the middle of 1938. Since that time 
of importance on the subject have appeared, especially in connection with f m 
M & B 693. 


TT V V and IjOEoy* 

BONE MABEOW; Limitations of Biopsy of Sternal Marrow, Kanaei, i. v., 

G. V. Arch. Int. Jled. 61; 121, 1939. 

It is the authors ' impression and belief that e.xtremely thorough Borc 

of patients robs biopsy of sternal marrow of much of its value. In their 
commonly been a link, and often a superfluous link, in the diagnostic c lam 
the sole means of establishing a diagnosis. The knowledge that potent ^ marrow with'c- 
ment of pernicious anemia convert the megaloblastic marrow to erythro a- ic ^ gjmyir.? 
usually, twenty-four hours, is valuable in clinical research. It permits mor p.j test- 

of new remedies and allows one to expose his patients to a minimuni o ri^' ,riiitk- 

ing period. With severely anemic patients there is an obvious a van a„ 

.seven or ten days for the expected response from experimental therapy- makria! 

The techniques for biopsy of marrow, the normal differentia coa 
obtained, and the limitations of the methods are discussed. benefftf. « 1 

Tiie authors’ experience is reviewed, and 28 examples illustra ing 
disadvantages of biopsy of sternal marrow are presented. 
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RABIES, Improved Methods In the Diagnosis of, Willett. J. C., and Sulkin, S. E. J Am 
Vet. M. A. 95: 059, 1939. 

The white mouse is the animal of choice in the laboratory diagno.^s of rabies, Swi«s 
mice being of no practical advantage. 

Demonstration of Negri bodies in the test animal f«Mtc mouse) is the only depend- 
able criterion for a positive diagnosis, since clinical manifestations are frequontlv too 
lariable and indefinite to serve any expedient means of diagnosis other than the guinea 
pig method. 

A simple procedure is described for demonstrating rabies virus in grossly decomposed 
animal brains. 

Ether in final concentration of 10 per cent exerts a definite bactericidal effect upon 
contaminated dog brains after exposure for two hours at 4“ P. This concentration has 
no cflfect upon the virulence of the rabies virus. 

A simple technique is described for removing luiiinsil biaiiis 

The following method is recommended for treating eoi.tainin.itcd brains before intra- 
cerebral injection into animals. The central portion of the Inppocampiis major fcornu 
aramonis) is dissected out, and a small piece rcnio\»-(l tor miernsropie examination and 
for glyccrination. The remaining portion of the horn is eituilsified in 10 e c. of nutrient 
broth and allowed to stand for one hour at room fcmpc-ialurt’. The supernatant liquid 
(after larger clumps have settled) is pipetted into a stoppered 15 e /o " ounce ) centrifuge 
tube, and 10 per cent ether (about 1 c.c.) is added. Tin* tube h then 'haken thoroughlv 
and stored in the refrigerntor for two hour.s. After centrifugation at low .speed the 
supernatant liquid below tlio ether layer is removed for animal inoculation. 

The following instruments nre required: (li A heaw board inches bv 12 inches 
J 10 inches) with two 6 inch nails, located 2 inches from one emi and about 4 inches 
apart; (2) one scalpel (Bard-Pnrker No. 4 handle. No. 20 blade <; '3i one pair of rubber 
goies; (4) one tablespoon; nnil (5) one metal adjustable hark saw (8 inch blade). 

The animal is placed on the operating tabic with its head between the naih on the 
paper-covered heavy board. Tlie surface of the head is then thoroughly moistened with 
per cent cresol, With a heavy scalpel a sagittal incision is made midway between the 
ejes and ears, cutting through the skin, fa.scia, and muscles of the cranium. The brain 
he exposed by sawing sagittally through the parietal bones in the region of the 
tontoparietal suture. The nerves on the under side of the cerebrum, tentorium, and spinal 
can be .severed by forcing the tablespoon along the floor of the cranial cavity. The 
'■■ain IS then lifted out and transferred to a receptacle which is provided for this purpose. 

DEPTOSPIROSIS, Canine, In the United States, Meyer, K. F., Stewart-Anderson, B., and 
Ilfldie, B. J, Am. Vet. M. A. 95: 710, 1939. 

The following procedure.s arc recommended: 

‘^>ber !mpreffnatio7i 3Iet7iod for ihe Demonstration of Lcplo-ipirii: 

.. blocks of tissues, not e.xcccding 1 cm. in diameter, in 10 per cent foimalin in dh- 

^ water for scx’eral days or weeks, preferably tlircc month®. 

— Harden in absolute alcohol for twenty-four to forfy-eiglit liour®. 

o. Pass through alcohol (70 per cent, 50 per cent, 30 per cent) to distilled water until 
® arc freed from alcohol. 

4. Immerse in a 0.25 to 0.5 per cent silver nitrate solution in distilled water for eighteen 
‘'""ty.four hours at 37" C. in the dark. 

"Wash thoroughly in distilled water, changing the water several times. 

Place in 0.5 to 1 per cent livdiootiiiione in 50 per rent alcohol for eighteen to twenty- 

• . Warii in 70 per cent alcohol: delivdrate in 95 per cent ami ab-olutc alcohol; clear in 
o,„bea in paraffin. 

• Prepare very thin sections (.3 (o 4 micron®). Remove paraffin and mount in bal.sam. 
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Schiijfner Modification of Vencoort’s Medium: 

Use 1.5 liters tap water (free from chlorine; rain water may be used instead of distillcJ 
water) and 1,5 Gm. Witte peptone. Boil. 

Add 6 c.c. phosphate mixture composed of 0.35 Gm. potassium phosphate (monohasie), 
1.33 Gm. sodium phosphate (dibasic), and 100 c.c. distilled water. 

Boil. Add 300 c.c. Ringer ’s solution composed of 0.8 Gm. sodium chloride, 0.02 Gm. 
calcium chloride, 0.02 Gm. potassium chloride, 0.02 Gm. sodium bicarbonate, and 100 c.c. dis- 
tilled water. 

Continue boiling. Add 150 c.c. .Sorensen’s buffer solution, pH 7.2, Boil until precipita- 
tion is complete (about thirty minutes). Cool in icebox overnight. Filter. Test pH, which 
.-•hould be 0.8 to 7.2. Bottle. Autoclave at 15 pounds for fifteen minutes. The medinm mar 
be kept in this state in capped bottles until needed. For use add S to 10 per cent sterile 
rabbit serum, tube in 2.5 to 3 c.c. amounts, and inactivate for thirty minutes in a 56“ C. 
water bath. 

Test for sterility. Transplant, using a 1 c.c. pipette. 

Leptospira Agglutination Test — Porcelain-Plate Method: 

Antigen: Use a 4- to G-day-old culture of each strain. Use both live and formalin- 
killed antigen (3 drops commercial formalin per 10 c.c. culture). Incubate plates containing 
live antigen for two hours at 37° C., and examine each dilution by dark field for lysis. 
Incubate plates eontahuug formalin-killed antigen for four hours at 37° C. B.\amine each 
dilution by dark field for agglutination or clumping. 

Test: For each serum specimen place four test tubes in a rack. Use Verwoort- 
Schufiner buffer solution without serum as diluent. 


Tube 

1 

2 

3 

4 

Buffer 

1.2 c.c. 

0.9 c.c. 

0.9 c.c. 

0,9 c.c. 

Serum* 

0.3 c.e. 

0.1 c.c. 

0.1 c.c. 

0.1 c.c. 

Dilution 

1 :3 

1:50 

1:500 

1:5,000 


Use two porcelain plates for each specimen, one for live antigen, one for formalinizc*! 
killed antigen. 

OL. TETANI, Serological Identification of, Maclennan, J. D. Brit, X E-\per. P.ath- 20. 
26, 1939. 

The H and O agglutinin reactions of Cl. fetani have been e.xamined, and tlie iindin„ 
of Gunnison (1937) confirmed. ^ 

The 0 antigens of Cl. tetani are apparently species-specifie, and have not been ou 
in any of nine other species of terminally-spored anaerobes. ^ ^ ^ ^ 

By means of suitable O antisera a new serologic type of Cl. tetani typo A 
identified. 

TYPHOID BACILLI, A Leucocidal Toxin Extracted From, Dennis, E. W., and Senebpaa. 
H. Am. J. Hyg. 30: 103, 1939. 

A potent leucocidal factor has been demonstrated in trichloracetic acid 

of typhoid bacilli. selective 

Leucocidal extracts of bacilli are analogous to leucocidal culture filtra es u 
lethal effect on the pseudo-eosinophilic granulocytes, and in tliermostnbihtv. 

Purification of the trichloracetic acid extract results in increased extract 

toxic somatic antigen-complex, but in loss of leucocidal activuty- The cru 
represents a mixture of these two factors. ^ jj, 

Tx'phoid leucoeidin is a component of the typhoid baeilbm, and if-s presen 
filtrate is probably the result of early autolytic processes. tirrenic 

The leucocidal substance in trichloracetic acid extracts is not in an an 
Leucoeidin can be demonstrated in similar extracts and 5’’- 

schottmiilleri, Sal. suipestifer (voldagsen strain), Sal. enteniulis, Sal pa m 
paratyphi, li.sted in order of decreasing leucocidal activity. 

•Transfer 0.1 c.c. from tube 2 to 3 and the same amount from 3 to -i. 
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TUBERCULOSIS, Sulfanilamide in Clinical, Nayer, H. B., and Steinbach, M. M. Am. 

Rev. Tubcpc. 40: 470, 1D39. 

Eight patients ^vith extensive bilateral pulmonary tuberculosis Tvere treated with 
sulfanilamide for n period of from ten to «eventj*-one day.s. 

As far as the authors could evaluate the results, there was no apparent effect, either 
beneficial or harmful, upon the disease. 

STREPTOCOCCI, Hemol 5 rtic, Studies on, Prom Human Sources. Eudd, G. V., White, C., 

and Ward, H. K. Australian J. Kxper. Biol. & Af. Sc 17; 2.1, 193D. 

Seven hundred and eight 3 '-four stiain<5 of Kioiip A homolj'tic streptococci isolated in 
Sydney, Australia, were examined for their >eiolof;ic type Five hundred and eighty-nine 
belonged to one of Griffith’s tj’pcs, 92 belonged to types not represented in GriiBth's 
classifications, and 103 could not be typed. 

GriflitU’s types 2, 3, 13, 14, 15, 18, 19, 24, “Quinn,” and “Coggins” have not been 
isolated in Sj’dncj' up to the present. 

Tj-pes 17, 11, 1, and 4 accounted for 75 per cent of the scarlet fever strains, while 
these 13^63 accounted for onl 3 ’ 12 per cent of strains fiom other sources. 

Evidence is submitted suggesting that capsiilatcd organisms arc likel 3 ' to be more 
infectious than noncapsulated organisms. 

The technical problems of t 3 'ping arc discussed. 

BLOOD, Biochemical Changes Occurring During the Storage of Human, Blck, M. Australian 

J. Exper. Biol. & M. Sc. 17: 321, 1930. 

The storage of liuinan blood is accompanied 1>3' a decrease in the glucose content 
of the blood, an increase in the reduced glutathione, tiric acid, creatinine, nonprotein 
nitrogen, and inorganic pliospliatc. There is little increase in the urea content of the 
blood. 

The onset of hemolysis may lie delayed by the addition of glucose. The optimum 
amount of glucose is 0.6 to 0.7 per cent. A small part only of the increase in nonprotoin 
nitrogen is accounted for b}' the increase in urea, creatinine, and uric acid. Hemolysis of 
the er3'throC3'tes general!}' occurs when the nonprotein nitrogen reaches a concentration 
of 55 to 60 mg. per 100 c.e. blood. 

The biochemical changes that take place may be attributed to the er 3 *throc 3 tes, 
hut the essential nature of the process is unknown. 

Aa the inhibition of hemol 3 'sis does not seem possible as 3 'ct, it should be stressed 
that the rigorous cleansing of all glass and purification of reagents must be undertaken 
to procure consistent and reproducible results in this work. 

hemophilia, a study of the Clotting Defect in: The Delayed Formation of Thrombin, 

Brinkhous, K. M. Am. J. Af. Sc. 198: 509, 1939. 

A quantitative study of changes in the prothrombin titer of hemophilic blood shows 
that its prothrombin is convei-tea very slowly into throralnn. This dolnycd prothrombin 
““version can bo corrected by nclding less than I rag. ot crude thromboplastin to 100 c.e. 

''cmophilic blood. Evidence indiciite.s tlint the prothrombin and fibrinogen are normal m 
“mount and in reactivity in this disease. There is no excess nntlthrombin. Emphasis is 
P'oooil upon the formed elements of the blood and tho sluggishness with which they liberate 

■"'omboplastin. 
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A Textbook of Pathology for Nurses* 

“^HIS is a well-written and well-organized little book, the purpose of whicii is to present tn 
^ the student nurse in simple language, a working concept of the mechanism of dise.'ise. 

Based upon the author’s course in the Mt. Sinai Hospital of New York, it fulfils its pur 
pose satisfactorily and should meet a favorable reception from instructors in training schonb 
for nurses. 


Pathology! 

T he subtitle of this book, “An Introduction to Medicine and Surgery,” indicates the 
manner in wliicli the authors liave approached their subject. For, as is now rather generally 
appreciated, pathology is no longer regarded as synonymous with morbid anatomy, h"! 
appreciated as an essential phase in the study of disease in the living patient. 

In the organization of the book the anthers have accepted a compromise betneen tl'e 
conventional separation into general and special pathology and that treating as one all con 
ditions due to the same cause. The result is an effective text, not only for the student to 
wliom it is primarily addressed, but also for the physician at large. 

It is recommended as a good book. 


Proctoscopic Examination! 

B ecause of the generous margins and large type, this small book is even smaller tlu 
appears to be. 'While there is much that is good in tlic text, the book 
impression of being an expansion of a synopsis for lectures and, as a whole, d js a .. 
fragmentary and uneven exposition of the subject. The chapters on proctoscopic 
are the best portion of the text. There will be some reluctance to accept neoplasms as 
causes of diarrhea, and in comparison to the space given to other conditions o 
(for example, amoebic dysentery and amoebic colitis) that given to the discussion o 
nancy seems disproportionate though not in itself exhaustive, felicnfin’ 

Tills book could well be taken as a synopsis from which a better and more con p 


work could be written. . jfi„!ril>i'.' 

As it stands, one must reluctantly admit that it is not among the outstaai g 
tions in this field. 

•A Textbook of Patliolog:}- for Xurses. By Coleman 
Patholog}’, Sit. Sinai Hospital Scliool of Jfursinp; Associate As-' 

gist to the Mt. Sinai Hospital ; Associate Radiologist to ' . $1.7 

Medicine. Columbia University, New York. Clotb. ed. 2. 260 ; -u. . 

Saunders Co., Phiiadolphia, Pa. Dibic, Jl-h - 

tPathologj'. An Introduction to Medicine ami Surgerj'. Hy J. Honrv p,/ ji.R-C-/’" , . « 

Professor of Pathology. 'University of London-, and Thomas E. Va Inclua 

fessor of Pathologj-. University of Liverpool. Cloth. 931 pages, 3. -I um- 
color plates. ?10.00. P. Blakiston’s Son & Co.. Philadclpiiia, Pa. „ p. 


fsmern ![■ 
$1.75. 
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Medicolegal and Industrial Toxicology* 

THIS IS a conijiact anil ncll-plannpil ilisnissimi liaspil upon praclical experience While not 
i cacyclopedic in scope, it is in many respects n muUum in porro, as indicated by the 
cliapler headings: Poisons and Drugs, Criminal Imestigations, Medicolegal Examinations of 
Miscellaneous Nature, Industrial Poisoning, anti Occupational Diseases. 

As a ready reference text, to be supplemented by larger and more conipreliensivc volumes, 
Ins boot should be of interest nnd value to industrial physicians, coroners, pathologists 
anyers, insurance adjusters, and all who arc concerned with the fields covered. A good boot 
to fiave af Imnd. 


Blood Groups and Blood Transfusions! 

yHlS book iieeils no introduction, for it has boon, s.ince tho appearance of its first edition, 
a standard and authoritative text on the subject 
Extensively revised, the text is one which may well tu- said to be invaluable to the 
plijsician, clinical pathologist, medicolegal expert, ami lal»oiator\ worker, and may justly find 
a place on the reference shelf of the legal library. 

The section on blood transfusions has been rewritten to include the latest developments 
and constitutes a complete survey of the subject. 

Blood grouping is thoroughly discussed witli emphasis on ils medicolegal implications as 
•s a so the grouping of blood stains. Bcsoarch uorkeis will find tlic discussion of blood groups 
in animals interesting and valuable. 

AH in all it is an excellent book and a ” item. 


The Neurogenic Bladder! 

*yHE purpose of this book is to ghe the reader a working knowledge of the value of 
cjstometry in the differential diagnosis between neurogenic and non-neurogenic disease of 
the bladder. 

It is a Well-written monograph of practical importance and value, and can be recom- 
fnended as an authoritative study. 


Laboratory Diagiiosis§ 

JT is not surprising that this book, by reason of its practical approach to the problems of 
ed find to the problems of the physician as well, should have reached its third 

eased in size and thoroughly and comprehensively revised, it retains the plan of 
** predecessors. The first section (322 pages) describe.s the clinical applications of laborator\ 
frocedures and their clinical interpretation. The remainder of the book is devoted to a de- 
of technique. 


Industrial Toxlcolog:>', Criminal Investleatlon, Occupational Diseases, 
lo Bactprini Ph.D., Director, Physician’s laboratory Service of Toledo, Ohio; Lecturer 

° Histology. Mary Manse College of Toledo. 324 pages, ?3.00. P. Blakiston’s 

^ I’hlladelphla, Pa. 

“nd Blood Transfusions. By Alexander S. Wiener. A.B.. M.D.. Serologist 

Pairpc no the omce of the Chief Medical Examiner of New York City. Cloth, ed. 2. 

ITh x" Charles C. Thomas, Springfield, III. 

’JoSversitv Bladder. By Picderie C. McLellan. M.S.. M.D., Instructor In Surgerj*. 

Michigan Medical School, Ann Arbor. Michigan. Cloth, 20S pages, 1 plate, 8 
iLaT "'tmerous charts. Charles C. Thomas, Springfield, III. 

Diagnosis Bv Edwin E. Osgood, M.A.. M.D , Associate Professor of Medicine 
^aahabliTfPc . Division of Experimental Medicine, University of Oregon Medical School. 
PhlJadel h^' Pages, 10 colored plates, 27 text figures. 56 .OO P. Blaklston's Son & 
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The book is so well known that it needs no extended description, but it can be sail 
that this edition is as well organized, well written, and authoritative as its predecessors: 
it will undoubtedly maintain and enhance the popularit3" already acquired. A good bot 
for the student, an exxellent book for the clinician, and a valuable addition to the laboralorr- 
reference shelves. 


What’s Your Allergy?- 

'T'HIS is a book for the intelligent laj-nian. While the title suggests a possible humorous 
* approach, the book is a serious presentation in reasonablj' simple language, priiii.arily for 
the enlightenment of tire allergic patient. Statements made in the book are authentic, not 
exaggerated. 

The chapter dealing with tire mechanism and theorj- of anaphylaxis is obviously the 
most diflScult portion of a seinipopular book for presentation in simple and at the same time 
adequately' descriptive phraseology. The author’s solution to this problem of a clear-cut 
explanation of a subject, which physicians and even research students do not dearly under- 
stand, is not too involved and should leave the reader witli the feeling that lie has a fair 
idea of what may be happening in an anaphylactic reaction. 

The reviewer fears that the authors may be placing too much hope in the therapeutic 
value of histamine, but the logic of tlieir attitude is reasonable. 

The book will make interesting reading for allergists, physicians in general, and non- 
medical readers. 


Clinic., 


»Wliat’s Your Allergy-? By Lawrence yarnier, M.L.. Chief nn'^^'^Kandom Jlo“-^' 
Hospital, New York; and George J. Hexter. Clotli, 234 pages. $2.00. 

York, 1839- 




CLINICAL AND EXPERIMENTAL 


THE llETEOROTROI'ISJt OF ECl.AMFSIA 

Paul G. Fuehstnei{, San Pkancisco, (*amf , axi> PitEoERirK S vroent*" 

CaMBRIOGL', ]\fA8S. 

^HE influence of nieteorologic clianges on the outhroak ami coiu’se of human 
^ diseases has long keen acknowledged and for decades mcdiciuo has souglit to 
explain this coiTclation. In this respect, pcriiaps eclampsia has been most fre- 
quently investigated, but although a large number of Kxiropcan workci's have 
widen regarding its relationship to changes in liio weafiier, it lias received 
less attention in the United States. 

Only since a common basis of explanation for meteorologie factors has been 
found and made relatively easy to uiidci'stand liavc the stiidics regarding the 
meteorotropism of eclampsia and other diseases received a new impetus. A short 
description of modern meteorologie conceptions is necessary before going on to 
3 discussion of eclampsia and its relation to weather changos. Do Buddor in 
Germany has written a book on metcorohlology of the human being, giving the 
uicdical man a concise explanation of the new concepts*. Petersen’s monographs 
Patient and fhc M'cdthcv present a more exhaustive treatment of tJie same 
subject. 

The most important cause of weather change is tlic passage of the so-called 
di.scontinijity surface or front whieh scpai'ales air masses of opi)osite character- 
istics. The two general types of air m€asse.s operating in this .system are the polai 
3ir masses originating over the polar and the subpolar regions and tlie tiopical 
3ir masses originating over the subtropical zone. The main dift'ereuees l)Gtneen 
these air mass types when of continental origin are as follow.^ : 

POLAU CONTINENTAL TROPICAL JtAEINE 

Temperature CoM 

Humidity Drv Huniid 

Permeability to sunlight Relatively transparent Relatively opaque 

ermeability to short wave rays Strong Poor 

Ion content High 

potential (Spannung) Low H'gh 

stituteS'^T?cSoloiy® attached to the Meteorological Department of the Massachusetts In- 
IXeceivod for publication, July 5. 1939. 
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Pig. In. — The passage of warm and cold fronts as projected by BjerJine.'!. 


^ rSOBAB 



Since these air masses mix to no appreciable degree, we geiierailj I’’’ 
diseontinuity surfaces to be zones of rapid transition of the metoorologic 

ments. These regions of rapid transition are termed “frouis." The^o 

is the discontinuity between the tropical current and the advancing 
shaped polar air mass. This wedge of cold air forces the warm air aloft, 
rise to clouds and precipitation. Often, too, the cold front is a rather 
affair, espeeiallj- in the winter months. As we have indicated, the co ^ 
marked by a sharp drop in the temperature, a clearing of the an 
lioui-s and lon-ering of the humidity, and a steady rise in the eur- 

Generally the wind shifts from the southwesterly direction of the psi 

rent to the northwesterly direction of the polar current. The 
the other liand, is the discontinuity surface between tlie receding 
air and the tropical current. The warm front is generally a moie gi 
tion than the cold fi-ont, and it is marked by increasing temp 
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Immidity and a falling barometer. "We shall refer to the period of weather from 
cold front to warm front as the “polar episode," and the period of weather 
from the warm front to the cold front as the “tropical episode." These two 
periods need not contain “pure" polar or tropical air masses, but they have been 
so labeled for convenience. 




Pie Ic.— An actual frontal passage as reflcclca in a typical weather map. The episode is for 
February' 10. 1939. 


The frontal system is arranged in "depressions" or areas of low barometric 
P^t‘‘SSuie according to the idealized schemes outlined hi Fig. 1, h, c.* It must 
^ emphasized that these diagrams are idealistic and tliat the daily anah'sis of 
^ ^ 'leather is by no means snch a simple affair. Tliis lotv pressure area motes 
generally frotu west to cast, accompanied bj' most of our weather changes. There 
__^>^Jouever, local weather changes that might also be concerned in tlio course of 
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disease, but in this paper ive are interested only in the effect of weather ciiimaos 
— frontal passages — on the liealth of the maternal population. 

The first studios concerning: eclampsia and rveather built upon tlie shortly 
characterized now meteorologie conceptions were carried out by Jacobs ami you 
Heuss, who finally concluded that eclampsia follows only the iuffi!! of cold air. 
Von Latzka in Biirlape.st came to the same conclusion. Euffuger and Weikers- 
heiraer, Ponzi, and others believe that the passing of warm fronts can have the 
same effect in producing convulsions, but iii a considerably lower percentage. 
In a recent paper bj' Louros and Pana jolou in Greece, the prevalence of the coH 
front influence, as described by Jacobs, is denied, and the “change of air masses” 
in either dii-ection is emphasized as a cause for the outbreak of eclamptic con- 
vulsions.® 


Before going into our own studies on tliis question, it is necessary to coii- 
.sider one main difficulty concerning tbc reaction time elapsing between die 
meteorologie event and the onset of the eclampsia. When air mass eimngo.s 
follow each other at short intervals, rvhich liappens to be the case in Cliicaeo 
where our material was collected, it is often not easy to decide if an eclamptic 
convulsion is associated ivith the passing of a warm front or with the invasion 
of cold air shortly preceding it. Jacobs, ivho acknowledges only a cold air 
invasion as the precipitating cause, still inculpates it even if there has been a 
definite passage of a warm front betu'cen the occurrence of the cold front aid 
the onset of the convulsions. De Rudder states, witli truth, that there is no 
reason why the warm front should not be acknowledged equally, because the 
main px’oblem to be solved is whether any weather change takes place at the 
same, or approximately the same, time as tiie outbreak of the disease. A fmthe'' 
difficulty consists in the fact that warm fronts are generally more gradual tiaiw 
lion periods than cold fronts. The accurate determination of warm fioiitS' 
therefore, is considerably more difficult. Further, the fact may be sfrc.s.scd f 
tlic weatlier does not entirely consist of a .series of abriqit air mass clinugos, )« 
often the passage of fronts is so slow and diffuse that the real change o 


mass is not so obvious. 

Of course it would be ideal, as Dicekmann states in his 
could collect the records of all toxemic pregnant jiaticnts for a city o se 
million people for comparison with the meteorologie data over tbc same 
Even then it would he extremely' difficult to elarif.v the relations, ,jpj 

the outbreak of convulsions is a clinical event definite enough to ^ 
with the exact time of its occurrence, and only these exact data 
(Since tlie prophylactic treatment of pregnancy toxemia has been ^ : 

proi’ing, convulsions occur more and more infrerpicntl.v.) To deviate 
Exact data of this kind have been gathered in various other di.sca.ses v 

•Tiie confusion may arise from the fact that with wann v''fi-2l'’Vd^fl=^mto'nccs 
alkaline, and under such conditions minor enviromnent.-;i .alteration. reason fat tiif 

vascular spasm and initiate an eclamptic- convulsion. V* c.ailrd Plnha r.' 

distribution of eeiamptic deaths in the United States, to winch Peter. >"■ 

son a.«sume.= tliat va.'cui.ir spasm is the underlying factor dnd lw-..‘ "Jrbance in •'“■Vtpryir.;'- 
an autonomic dysintoffration. most often precipitated by P^-^ther Autcn'’"’J^dr.p,tr.' 

dividoaI.s. (Peter.sen, WiJiiam F. .- T?ir Patient oiid ttic M eaO'e'- . p,,r,Ho-V .i-ccal. 
gration, Ann Arbor, Mich.. 1034. Btlw.ard.s Brothers : A ol. ^ - 

Disease, 1936.) 
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eclampsia, ai'c closely coniiectecl with llie vascular system and are precipitated 
by a change of tonus controlled by the vegetative nervous system. This cliange 
in tonus, for instance in apoplexy, acute onset of glaucoma, acute laryngeal 
croup, spasmopliilia, etc., has been definitely proved to follow a frontal pa.ssage. 



FIs. 2. 

Out of a material of 425 cases of to.x-emia of pregnancy collected by Dr. 
II. Falls' in the Cook- County Hospital and the Research and Educational 
dospital^ University of Illinois, College of Jledicine, Chicago, during the years 
1531-1937 for other purposc.s, one of us (P.) chose 4B case.s for this study. All 
bc'io were eclampsia with convulsions. The high niimhor of prc-cclamptic and 
patients could not ho included for the simple reason that, as previously 

*Dr. Palls wns kind enough to nllow a atucly of his cases. 
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pointed out, the connection between weatliei* and eclampsia primarily concerns 
the precipitation of coimilsions. The clinical records of the 46 eases included 
the most exact data concerning the time of the outbreaks in hours and minutes. 
The corresponding weather chax’ts were kindl}’^ provided by Dr. W. F. Petersen. 
Further, the official daily weather reports of the U. S. ’Weather Bureau were at 
our disposal. 



Piff. 3. 

The 46 cases studied concerned 36 white and 10 colored patients. 
one, or 67.4 per cent, were primiparas; 15, or 32.6 per cent, multii)ara.s, 

36 white patients, 24, or 66.6 per cent, were primiparas; 12, or 33.4 P®' ^ ’ 
multiparas; of the 10 colored, 7 or 70 per cent, were primiparas; 3, or 
cent, multiparas. The age disti’ibution was as follows: 


Below 20 years, 12 = 26 per cent 

20 - 30 years, 17 = 37 per cent 

30 - 40 years, 11 = 24 per cent 

Over 40 years, 6 = 13 per cent 

In the group between 30 and 40 were 2 primiparas. In 21, or io.i 
the eclamptic convulsions broke out ante partum; in 13, or 28.3 pet ^ 
jxartum; and in 12, or 26 per cent, post partum. The percentage o pos 
eclampsia seems remarkably high. . in 

Delivery was s])ontaneous in 15 cases or 42.9 per cent; laboi vavinnl 
6, or 17,1 per cent; cesarean section was performed in 8, or 22.9 I per 

operations (forceps, version, and extraction) were carried out m , 
cent. In 12 eases, as already mentioned, eelamjxsia broke ont ou } a « 
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The fetal morlalit.v was lO.S per cent (5 cases), the maternal mortality G.a 
per cent (3 cases). The low percentage of fetal and maternal mortality s))Kiks 
for the greatly improved treatment available. The number of observed convul- 
sions ranged on an average between 1 and 9 ; in one case which ended well, no 
fewer than 54 convulsions occurred. 

As far as the seasonal distribution is concerned, the highest miniher of 
cases was observed in April, as noted b.v Harrar and Davis in New York in 
1926. A renewed increase in cases was found in August. In statistics conccni- 
ing 36 cases of eclamptic death in 1932 in Chicago, the highest numbeis wore 
found in January, March, and October. Dieclcmaiui I'ejiorted dift'erenf montiis 
of prevalence from tlie different regions of the eai-tli. All these findings sug- 
gest that the season in itself is not associated with the disease, but the singular 
weather episodes iviiieh can be absolutely different in different years- 

In ascertaining the association between the 46 eclampsia cases and clumgcs 
of air masses, we obtained the following results: In 34, or about 74 per cent, of 
the conmilsions were connected witli infalls of cold air; in 6 eases, or 13 per cent, 
with passing of warm fronts. Pigs. 2, 3, and 4 show how this was worked out. 
In the remaining 6 cases, or 13 per cent, the weather was too unsettled to per- 
mit definite conclusions. In 2 of these cases we are inclined to consider a 
polar front, and in 4, a warm front passage to be the factor. The following 
data refer to the interval between the meteorologic event and tlie outbreak oi 
the convulsions: 


0 - 10 hours after cold front: 3, or about 6 per cent 

10 - 20 hours after cold front: 3, or about 6 per cent 

20 - 30 hours after cold front: 2, or about i per cent 

30 , 40 hours after cold front: 9, or about 20 per eent 

40 - 50 hours after cold front: 14, or about 32 per cent 

50 - 00 hours after cold front: 3, or about 6 per eent 

Total during “polar episode” 34, or about 74 per cent 


0 - 10 hours after warm front : 1, or about 2 per cent 

10 - 20 hours after warm front : 0, or about 0 per cent 

20 - 30 hours after warm front; 3, or about 6 per cent 

30 - 40 hours after warm front: 2, or about 4 per cent 

Total during ‘ ‘ tropical episode ” 6, or about 13 per cent 

The curves in Pigs. 5 and 6 illustrate these data. Thus the 
that much the highest percentage of cases aie distinctly correlated ^ 
ing of a cold front and that the higlie.st number of onsets occur within ot .' * 


fifty liours after the invasion of cold aii’. ^ 

As previously stated, our study of the association between 
and eclampsia has been confined to the precipitation of convulsioh^- 
no intention of claiming that the weather has any etiologic -sigiu 
regard to the di.sea.se itself. The etiology of cclanij)sia i.s, in sjiitc ot 1 
large number of old and new theories, still an unsolved , jj.]j.„jee ef 

fact be.vond any doubt is that it consist.s in a severe metabolic ,if 

the maternal organism. As far as the mechanism of 
eclamptic convulsions is concerned, one can conclude that some ae 
the vegetative nervous system of the toxemic or pre- 

main role. It is easily undeistood tliat .sudden changes in the p psica 
dnee these vegetative disturbances which can he counterbalance >. 
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healthy organism, but not by the luettnbolieally disturbed organism. Haselhorst^ 
Hiuselniann, Nevcrmaim, and Heyncmimn proved that the lability of Urn cajiil- 
laries is increased in eclamptic imtients, lVter.son states tliat weather changes 
precipitate even in tlie normal organism deliniic alteration in metabolism. Tbc 
icsalts of his extensive research in ibis matter show tluU cold air invasions 
precipitate contraction of the shin e:i|)iHaries, and a rise in blood ])ressure: 
fuither, hyperglycemia, a relative alkalosis, ami a fall in the carbon dioxide 
tousioii in tlie blood. He expresses the sum of all the physiologieo-ciiomieal 
ehanges precipitated by a cold front as tbc AKS phase (A =- anabolism, R ^ re- 
duction, S = spasm). Opposite pbysiologico-clioniical effects occur with tlic 
passage of a warm front. They are designated by Petersen as the COD phase 
{C = catabolism, 0 ^ oxidation, D = dilatatumt. 

It is possible that electrical ehanucs which oeciir in tlie atmosphere during 
the passage of a front innuence the labile organism of the toxemic pregnant 
patient, Elster and Oeitel (quoted by de Rudder) h:ue described tlie so-called 
ions of the atmosphere. ’ Tlicy consist of <‘I(‘clrn'*dl\ loaded particles whieli 
are suspended in the air. Louros and Panajotou agree witli Piery in Prance 
^^ho states that these ions have definite influence upon the hibiiity of the vegeta- 
tue nervous sj'stem. Dtill and Diill have sought to associate solar eruptions, 
cause electrical magiiotic di.sturbances upon tlic earth Tiiese solar erup- 
tions are, in their opinion, responsible, not only for the atmospheric oceurronecs, 
lit also for tlie reaction of tlie living organisms. At present we arc only just 
entering this new field of research, but one can already foresee that highly 
interesting results will be obtained in the near future. 

Even from the practical point of view tlic conelnsinn.s obtained arc of 
some value. It is interesting tiiat in a recently piiblislicd iiamiihlet on ^Veatller 
find SfrtsoH in Surgery, by Jlhurer, a certain number of projdiylactio and thera- 
peutic measures are reoommended in consideration of the association belwcon 
I'cathor and disease. As early a.s 1932. TCumnie] recommended that major 
surgery, with the exception of urgent eases, should not be ])Crformcd during 
ronfal weatlier. Similarly, it should be po.ssible to work out some iiraetical 
prophylactic measures against tbc precipitation of eclamptic convulsions through 
weather changes. A well-organized service for “prenatal care” sliould pay 
ntteution to the weatlier conditions. Imminent front passagc.s are loiown to 
official "Weather Bureaus early eiiougli to he communicated to the different 
Picuatal services. ICnovm toxemic or pre-eclamptic jiatients could bo especially 
exanniied at these danger periods and proper propliylactic treatment could be 
• uiinistered. In this wav the number of cases with convulsions could be fur- 
ff'or diminished. 
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STUDIES IN CELLULAR EXUDATES OP BOWEL DISCHARGES^ 


I. Control Observations in 1,123 Patients, 7 Autopsies, 
AND 3 Dog Experiments 


Z. Bercovitz, M.D., Neiv York, N. Y. 


introduction 

T he diagnosis of pathologic conditions of the bowel can be simplified i’.'' 

understanding of the significance of cellular exudates in bowel disciiiirfff'- 
Early work establishing the differential diagnosis of amoebic a«d bacillsD 
dysentery on a basis of the cellular exudates in the diarrheal dischaiges m 
those two conditions has led to the wider study of cellular exudates in bovi 
discharges iii order to determine their importance as a diagnostic proce wf- 
The studies which are being reported in this series include eontiolo 
vations in so-called normal individuals, that i-s, in those who state that 
have no bowel complaints of any sort, and autopsy findings in mau anc m 
dog. In the near future tlie series null he .supplemented by the 
observations, now in process of comjiletioii, on the various cytologic pi 
that are to be found. The results will be given of cellular exudate stm 
patients with various tyijes of bowel complaint. It is hoped that t us 
will make it possible for pathologic change in the bowel to be diagnosec 
a greater degree of accuracy than has been practicable hitherto. 


HISTORICAL 


The diagnostic significance of cellular exudates in jii> 

has long been rocognizeff. Duteher* was a pioneer in the ic ‘ 
contributions to the .subject made as far back as 1903 (refen e: o >. ^ 

< rrn(«r.<^Ib'' 

•From tlic Nem E'ork Post-GraJuate Medical Scliool ol Conim lu 
Second Medical (Cornell) Division, Beliexaie Hospital. fj,,. >‘,ir 

Presented in part before a meeting: of tlie Research and 
Post-Graduate Hospital and Medical .School, New York, Januar>' ll. • 


Received for publication, July 12, 1939. 
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were followed by the early work of Jurgens.-’ In 1010, during an ei)idemic 
nf dysentery in Fiji, Balir demonstrated the practieal value of the mieroseopie 
examinations of (he stools for cells. Heiiewed interest in the subject came in 
1917 when Bartlett^ made a report on the pathologic aspects of dysentery from 
which the British i\rediterranean Expeditionary' Forces were suffering. He 
regarded amoebic dy’sentery as the major factor in the depletion of the ranks 
of the soldiers. Bahr and ‘W’illmore® replied to Bartlett's report in detail and 
showed that many cells were of tissue origin and were not Endamoeha histO' 
hjtica, as Bartlett had asserted. Tii^y acknowledged that these cells could be 
mistaken for amoebae very easily and this error was responsible for much con- 
fusion in differential diagnosis. Wenyon ainl O'Connor® independently in- 
vestigated the same problem and reached the same conclusions as Balir and 
IVillmore, but intimated that they thought the cellular exudate studies of 
bowel discharges might be of value in the diagnosis of bowel conditions other 
than amoebic and bacillary dysentery. Subse<iuent wu-iters, including Gra- 
ham,’ "Winmore and Shearman,® Andcr.soiO later, Callender,^® Ilaugh- 
woiit,’^ and others, have made outstanding contributions in confirmation of 
the earlier work done in the field. As a result of thcM’ investigations, it is now 
an accepted fact that there are definite cytologic pictures in amoebic and 
haeUlary dysentery and that these can be differentiated. TIic success which 
has attended the work on dysentery has stimulated inquiry into the relation- 
ship of cellular exudates to ulcerative colitis and to other types of bowel com- 
plaints. The early suggestion of AYenyon and O'Connor has been amply con- 
finned in the investigations lierewith reported. 

The special studies on ccllnlar exudates, which have been carried out 
during the past four years, have established the fact that wlienever pathologic 
change takes place in the bowel mucosa, cells of various types will be found 
iu the discharge. Conversely also, when no cells are found in the bowel dis- 
charge, no pathologic condition is present. The presence or absence of these 
cells can be determined readily by microscopic examination of the bowel dis- 
charges. AYhile tliis method of examination is one of the simplest, it is also 
one of the most effective available for the diagnosis of pathologic conditions 
of the bowel. 

CELLULAR EXUDATES AND THE NORIHAI* BOWEL 

A series of observations was made to determine first of all whether or not 
cellular exudate would be found in the discharge of patients whose bowel 
functions were reported to be normal. In order to establisli a reliable check 
upon these observations, a series of autopsy e.vaminations was also made, liie 
'outrol observations were made on a Rronp of 1,123 patients selected at ran- 
'fom from the venereal disease clinic at tlie Meinbard Health Center of the 
Department of Health of the City of New York. These patients were stu le 
us part of an extensive survey which is being carried out by the Parasitology 
Service of the Bureau of Laboratories, Department of Healtli, City of New 
York, ,Tohn L. Eice, M. D., Commissioner. They were selected becau.se on close 
questioning they stated that their bowel functions were absolutely normal and 
also because they affirmed that they had no complaints winch could be re- 
forred to the gastrointestinal tract. 
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Tlie specimens examined consisted of, first, tlie normally passed bmre! 
evacuations and, second, tlie diarrlieal discliarji’c following dosage with Epsoai 
salts. So tliat llie freshly passed warm specimen could be studied, patients 
were asked to come to the laboratory to evacuate the bowels following the 
administration of the salts. 


•'r. * 1 ^ 

X . V 





Iron' 




Fig:. I — A, Dosenerate cells found at autopsy in tlie bowel Vli-a 

hematoxylin stain. Oil immersion XSTO; B, Cells found in scrapings from xn «igi, dry X’' ‘ 
same patient at the same level as A. Heidenhain's siaii • 

Compare with Pig. 2 cellular exudates from patients with chronic ulceraxi' 

Human autopsy examinations were made tbroiigb the conitesy 
Auerbach, Pathologist at Seaview Hospital, and Dr. Ward J. 
tor of the Department of Pathology, New York Post-Gra g^eval 
Autopsy specimens included boAvel contents and scrapings from s 
tions along the gastrointestinal tract. In each ease scrapings 
wall W'ere taken from the same place as the bowel contents, am ' 
in suitably marked bottles which contained 10 per cent todk- 

cedure made it possible to examine the fecal matter and the ljjg {.elk 

cover whether or not cells were present, and, if present, to comp. 
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Hire ^ the problems raised by post-mortem degeneration, 

abdT J?iven letlial doses of sodium amytal intravenously. Their 

post opened immediately and their bowels were studied before any 

not changes could possibly take place. In each instance, the blood Iiad 

6'en coagulated but flowed freely from the congested mesenteric vessels. 
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Specimens of tlie bowel eoiitents in various locations in the colon, as well as 
scraping's from the bowel wall at those locations, were taken for study. 

TECHNIQUE OF EXAMINATION 

A wet cover slip preparation made up witli methjdene bine 'ivas used to 
prepare the freshly^ passed boivel specimens for examination. This technique 
proved to be the most satisfactory after an extensive stuclj^ rvas made of sev- 
eral thousand raicroseopic examinations of specimens which had been prepared 
with many different dyes and by^ various methods, 

A small portion of the bowel discharge should be taken on a wooden ap- 
plicator (a toothpick or match will do) or on a platinum loop, and should he 
mixed with Loeffler's meth3deue blue on a glass slide and then covered with a 
cover slip. The specimen sliould not be allowed to drj' at anj' time; otherwise, 
the cells will degenerate into an unrecognizable mass. Using the low-power 
magnification, the entire cover slip is examined minutelj' in order to determine 
the amount of cellular exudate. In order to study the cytologic structure, 
individual cells are examined with the high diy and oil immersion lenses. 
Permanent preparations can be made by smearing a portion of the dis- 
charge onto a clean glass slide. This should then be fixed wet in Schaudinn s 
solution, and stained with Heidenhain's iron-bematoxylin teelmique, similar 
to that used in the study of protozoa. The technique used in the cellular exu- 
date study is as follows -. 

Schaicdiim’s Solution 

2 parts of saturated mercuric chloride solution 

1 part absolute alcohol 

5 c.c. glacial acetic acid to 100 e.e. of the above mixture 
Note. — P repare fresh each day before use. 

Staining Method 

1. Schaudinu’s solution heated to GO*’ C. for lo to 20 minutes. 

2. Kinse in SO per cent alcohol, then immerse successively into: 

70 per cent alcohol iodine, for 2 minutes; 

70 per cent alcohol, for 2 minutes; 

50 per cent alcohol, for 2 minutes. 

Rinse in water. „ 

0. Mordant 2 to 4 per cent iron alum at 30° C. for 10 minvitcs {swr 
minutes). 

4. Wash well in running water for 5 minutes. 

5. Stain in 0.5 per cent Heidenhain’s hemato.vj’lin at 30° C., for oO nimu es 
(short 2 minutes). 

6. Wash well in running water for 5 minutes. 

7. Decolorize in 2 to 4 per cent iron alum. „ 

WATCH UNDER MICROSCOPE TILL NUCLEI ARE CLEA -> 
VISIBLE. 

S, Wash well in running water for 5 minutes. 

9. Immerse successively in 50 per cent alcohol for 2 minute.s; 

70 per cent alcohol for 2 minutes; 

S5 per cent alcohol for 2 minutes; 

95 per cent alcohol for 5 minutes; 

absolute alcohol for 5 minutes; 

absolute alcohol plus sylol for 5 minutes; 

xylol for a minutes. 

10. Heat Canada balsam and mount. 
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111 many instances it wa<s necessary to preserve specimens in 10 to 20 per 
cent formalin. When tliis was done there was no loss of cells tlirough degen- 
eration. Examination of specimens jireserved in formalin was niidertaken 
over a period of six months, and with the inetln’Iene blue wet cover slip prepa- 
ration it was possible to observe the cellular exudate without difficulty. 

RESULTS 

Table I gives the results of the examimitiou of 2,158 specimens obtained 
from 1,123 patients who stated that they had no complaints which could be re- 
ferred to the gastrointestinal tract. Nine hundred ninetj'-six patients presented 
1,960 specimens of normal bowel evacuations. Epsom salts were given to 127 
patients who came to the laboratory and passed 198 specimens of vvatery stools. 


Table I 

Examixatiox of Specimens From Patients "Who Had No Complvints Refehable to the 

GASTn01NTE.STINAI> THAfT 



NOa.MAL BOWEL 
EA'ACU.ATIONS 

IDI.VF.KUEAL BOWEL 

movements 

FOLLOWIKO 
EPSOM SALTS 

TOTAL 


















Out of a total of 2,158 examination.s, only 31 were positive for cells. The 
positive examinations were of specimens obtained from t^\•o patients, 57 and 
152 years of age. Altliough an attempt was made to study these two patients 
further, it has been impossible to get in touch with tliem. 

When 2,147 ont of 2,158 specimens were negative for cells, the results 
would indicate that cells do not occur m the bowel discharges of normal in- 
dividuals, even though Epsom salts arc given in order to produce a diarrlieal 

umvement. 

AUTOPSY EXAMINATIONS 

With a view to testing the validity of tlie conclusions draw'n from the 
studies with the so-called normal individuals, which .showed that cells were 
uot present in the bowel discharges of normal individuals, specimens of the 
l^owel contents, as well as scrapings from the bowel Avail at various locations, 
were taken during autopsies performed upon sev'en indiA'iduals. The purpose 
*^f this procedure Avas to discoA'er whetlier the cells that appeared in the boAAel 
'Contents Avere exactly similar to those of the scrapings so that the inference 
^ould be draAvn, Avith a reasonable degree of confidence, that the presence of 
Avas due to post-mortem degeneration. 

From this stiuly it Avas discoA'cred that the cells found in the boAvel con- 
tents were exactly the same as the cells found in tlie scrapings taken from the 
areas. Thus it can be affirmed that the cells were the result of post- 
'uoitem degeneration and that they Avere not present before the post-mortem 
^generatiA’e processes began. These findings are in complete agreement Avith 
^ ’ose of Schmidt and Strausburger,^" given in their classic publication of 1910, 
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Table II 

Autopsy Findings in 7 Patients 


I.OCATION ‘ 

1 BOWEL CONTENTS 

1 senApiKPS OP BoivEL'inti, 

1 TOTAL 

1 SPECIMENS 

1 CONTEXT.S 1 

TOTAL 

SPECIMENS 

1 ' SOlUPIXGS 

i POSITIVE ] 

NEUATIVE j 

POSITIVE 1 

KKfiATUT. 

Htoniach 


4 i 

0 

4 

4 ! 

- 

Duodenum i 


4 i 

0 

4 

i i 

0 

Jejunum ^ 


4 i 

0 1 

4 

4 i 

0 

Terminal ileum 


4 1 


7 

7 i 

d 

Cecum 


4 1 


0 

0 i 

0 

Hepatic fle.viire j 

7 

3 j 


7 

7 1 

■1 

Transverse colon i 

ii 



5 

1 5 i 

9 

Splenic, flexure ^ 

i 

4 





Sigmoid j 

7 j 

0 



i 7 1 

im 


MoreoA'er, tlie cells found in the scrapings from various levels of tlic 
bowel are entirel 3 ’^ different from the cells found under pathologic conditions 
in the bowel discharges of living persons. The four chief tv'pes of cell found 
in the scrapings were (1) large wedge-shaped cells with granular cj-teplasm 
and large OA'al nuclei composed of heaiy rings and containing granules; (2) 
tall, columnar cells ivith a finelj' granular c.vtoplasm, the nuclei of which were 
large and oval-shaped with heav 3 >- rings and containing granules; (3) cells, 
irregular in shape, with a granular c.vtoplasm ; their nuclei were oval to round 
but had veiy delicate rings which constituted tJie nuclear membrane; granules 
were included within these nuclei also; and (4) square cells with granular 
cjffoplasin and small, round, solid nuclei. Poijnnorphonuclear leucocytes, small 
round cells, or macrophage cells were not at auj" time observed in the scrap- 
ings. The findings Avere the same foi' specimens in the wet methylene blue 
cover slip preparation a.s for those which were stained with iron hematos) m 
in order to obtain permanent mounts. 


DOG AUTOPSIES 

Because iiatients had died of pathologic conditions that might ha^c 
dered the bowel tract abnormal, and also because in each instance sevem w' 
had elapsed between tlie time of death and the performance of the 
examination, tlie compax’atiim stud.v of bowel contents and scrapings was i 
saiy. But in order to clarify^ tlie problem still further, three apparent 
dogs were given lethal doses of sodium am.vtal intravenously*. As 
ration had ceased and before the blood had begun to coagulate, then a 
u'ci'e opened. Specimens of bowel contents and scrapings of the mucosa 
taken from three levehs of the colon and also from the terminal 
instance the specimens of bowel contents were entirely* negati’ie foi 
scrapings of the mucosa showed cells characteristic of each of the eic. 
colon and the terminal ileum from which the specimens were tawm 

SUHJIARV AND CONCLUSIONS 

ill the baa'" 

Problems connected with the diagnosis of pathologic c lauge 
mucosa would be simplified considerably if accurate information uc (letcrnu"^ 
by microscopic examination of the bowel discharges. In ‘ ^ 
whether or not cellular exudates should he expected in noinm ov 
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control observations were made in 1,12^ patients wlio stated that they liad no 
complaints referable to the gastrointestinal tract. A total of 2,158 specimens 
were examined from these so-eallcd normal patients and, with tlie exception of 
11, they were negative for cells. The eleven positive specimens came from two 
patients, aged 57 and 62 years, wlto could not be traced for subsequent study. 
One hundred ninety-eight specimens were diarrheal movements following dosage 
with Epsom salts. 

Bowel contents from several different levels in tlie gastrointestinal tract 
were taken during the autopsy examinations on .seven individuals. Scrapings 
were obtained from the bowel walls at the locations. Tlie cells found 

in the bowel contents were exactly the same as th<«se of the scrapings from the 
fcame location, while there was also evidem'o to |nove that the cells in the 
bowel contents wei'e the results of post-mortem degeneration. 

Three dogs were given lethal doses of sodium amytal and their abdomens 
were opened as soon as respiration had ceastMl Specimens of the bowel con- 
tents from three locations in tlic colon ami from the ternniiai ileum were en- 
tirely negative for cells. 

From the tliree sets of observatioii.s, the conclusion may be drawn that if 
no pathologic condition is present, cells will not be found when microscopic 
e.^ammation is made of the bowel discharges 
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ELECTROCARDIOGRAPHIC CHANGES INDUCED BY EXERCISE IN 
THE DIAGNOSIS OF CORONARY INSUFFICIENCY 


Louis H. Sigler, SI.D., Brooklyn, N. Y. 


T hat spontaneous attacks of angina jicetoris will occasionaliy produce 
changes in the electrocardiogram resembling coronary thrombosis was shown 
by Feil and SiegeP’ ^ and Parkinson and Bedford.® The mechanism of such 
changes is believed to be the same in botli cases, namelj”, local asphyxia and 
anoxemia of the heart muscle due to acute intei’ference with the Wood supply 
in a localized area of the heart, temporary in the first case and permanent in 
the second. 

If such is tlie ease, any method employed to bring about rapid local asphyxia 
or anoxemia of the heart muscle should produce electrocardiographic changes. 
Under equal adverse conditions local asphj'xia or anoxemia should develop much 
faster and to a greater degree in the presence of coronary^ insufficiency than m 
the normal state. Electrocardiographic changes, therefore, developing under 
such conditions, should indicate the pi’esenee of coronary insufficiency. 

The methods employed to bring about the acute local asphyxia and auo.xemia 
of the heart were continuous I’ebreathing of the same air, used by Rotlicliild au 
Kissin,^ and by Katz, Hamburger, and Schultz'; the use of epinepluum^ } 
Levine, Ernstein, and Jacobson,® and Katz, Hamburger and Lev; breatungo 
air consisting of 10 per cent oxygen and 90 per cent nitrogen by Levy', 
and RusselP; and the exercise test b.v Wood, Wolfertb, and Livezey, c 
and Herndon^® and, to a limited extent, by Bierring, Larsen, and Nielsen. ^ 
Of these methods, the first two were found to be unreliable and 
by Katz, Hamburger, and Schultz,® and by Katz, Hamburger, and Le\^ 
sponsors for the exercise test claim to have observed definite electrocai io»l 
changes after exercise in some patients with angina pectoris which 
present in normal persons. Thus Wood, Wolferth, and Livezey 
iiormal individuals showed no important changes in the QRS comp ex. ^ 
was merely an occasional deviation of the electrical a.xis to the mg' 
xvave also showed no change from a positive to a negative phase. 
wave changed occasionally to positive or a positive wave became moie 1’^° jj, 
In half of their anginal patients, on tlie otlier hand, they noted a 
the S-T segment and changes in the T wave from positive to negatne. ^ 
also found frequent changes in the T wave in tlie anginal cases a ci 
but added that "further observations will probabl.v reveal ^ j,] offw 
of these changes produced in the angina cases by exercise tj-opardic- 

than anginal cases.” Bierring, Larsen, and Nielsen , P,af a 

graphic changes after exercise in four anginal persons and s a 
controls did not show any clianges. 

BeceiveU lor publication. July 20, 1939. 
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TIic object of tlic investigation covered in tliis i^apcr was to determine if 
exercise actually jirodnccd different elect roeardiojjrupliic changes in an abnormal 
rather than a normal heart. The test was carried out on 112 jiersons. Fifty- 
four had normal liearts; 20 had hypertension, 9 had questionable coronary 
changes, and 23 had unmistakable evidence of coronary artery disease. 

In each case a tracing was obtained in the tliree conventional leads just 
l)efore exercise, soon after exercise, two niimitcs later, and in some cases, again 
in four to six minutes. Because electrocardiographic changes may occur on mere 
change in posture, as shown in a previous communication,” all tracings both 
before and after exercise, were obtained in the standing position. 

In the noncardiac group there were eases of psychoncurosis, bronchial 
nsthma, obesity, diabetes, and the menopausal syndrome. Tliirty-five persons, 
10 of whom were hospital interns, were perfectly normal individuals with no 
comi)laints. Of the 23 persons with definite evidence of coronary disease, 10 had 
effort angina, 1 Iiad recurring attacks of typical angina occurring spontaneously, 
and the rest had such symptoms as effort dyspnea, weakness, gastric disturbances, 
or prceordial discomfort coming on after exertion In the hvfiertensive group, 
the usual symptoms were palpitation, weakness, occasional dyspnea, and pre- 
cordial pain. Some persons were symptom free. 

It will be observed that in our study we took persons with coronary disease 
as a group, and did not limit it merely to those patients with the anginal syn- 
drome as previous authors have done. The reason for this is that we were 
interested in learning whether coronaiy insufficiency as such, regardless of what 
its clinical manifestations might be, will jiroduco different electrocardiographic 
changes following exorcise than otherwise normal hearts. Tliis applies also to 
the hypertensive group where at least relative coronary insufficiency is assumed 
to exist in many cases. 

ANAIA'SIS OF THE ELECTROCARDIOGRAMS 

P'^V(lve Changes . — Only 27 persons showed changes in the P wave soon 
after exercise. Of those, 19 were normal, 5 coronary, and 3 hypertensive. The 
changes consisted of increase in its lieight from 0.5 to 1 mm. and change from 
a rounded to a more pointed form. In some the changes were still present at the 
cud of four to six minutes. In others the voltage became lower tlian that of the 
pie-cxereise level, by that time. 

Changes in the QltS complex were observed frequently and consisted of 
<hmiiuition or increase in voltage and slight sliift in the axis to the right or left. 
The incidence of changes in voltage is sliown in Table I. Such changes oecuned 
more often in the normal than in the coronary, questionable coronary, and 
^Jpertensive groups. No prediction could be made as to the type of change in 
tbe various groups. 

Immediately after exercise more pei-sons showed diminished rather than 
increased voltage. The reverse was true two to six minutes later. The maximum 
'■Jiviation in voltage of the QRS complex in the lead showing the greatest change 

6 mm., the usual being 2 to 3 mm. The gi-catest fluctuations occurred in the 
normal group. 
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Pig. 2. — Prom a male 54 years old. with delinite coronarj' disease minutes 
coronary occlusion three months before. A, before. B, soon after, and i . ^Iminbiiw 
exercise only trivial changes are noted in the T wave. QRS voltage m the in 
and ventricular premature contraction appeared after exercise. 

The 

Changes in the R-T or S-T segment occurred in 26 persons. pgj^ons, 

consisted of rounding, elevation, or depression. Of tliese, 6 pae, 

3 with coronary disease, and 2 with Jiypertension had noi'nial goon 

two, or all three leads before exercise which became depressed oi .jlie 

after exercise, and in some cases remained so for two to six ^ 
greatest elevation or depression in any case was never more ^ .^v!lid'■ 
normal persons had very slight depression and rounding aeim’s- 

returned to the isoelectric level afterward. One normal person i< 






KLKCTROCAKDIOGRArHIC ClfANGKS INDUCED DY EXERCISE 




“on and anoliiei- some elevation before exercise, which returned to the isoelectric 
Orel Jaier. In oj,q person with coronary disease, a pre-existing depression of t ic 

segment in the second lead became more depressed soon after exercise and 
tohinied to the original condition two to six minutes later. There were 5 persons 
"ith coronary disease with slight dcpre.s.sion of the Il-T segment, one with 
o’ovation and 2 with rounding iiofore exercise, which remained tlie same after- 
ward. 

Changes in the T icnrc occurred frequently and consisted of increase or 
<'oerease in voltage, more rapid conduction time, and slight change in appear- 
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f hypertension. .4, before. S. soo” ^^nafl 

The n-l« f ; ^ compIe.y diminished and of T "•«'e rem-Jn 

^omewhit^nviS?^* - Pi’e-cxercise level in two minutes, but the T 3 „,i H 

mhiures^after^e.^ercise*^'^^ premature contraction is seen bef 
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aiice from a rounded to a pointed form. As shown in Table I, the eliangcs were 
observed more often in the first and second leads in the coronary group and 
in the third lead in the normal group. The maximum change in voltage was 
1.5 mm., the usual being less than 1 mm. 

In the normal group the T wave in the first lead never showed any changes 
from positive to isoelectric or negative. One person, however, showed sueii 
change in the second lead (Fig. 6) and six persons in the third lead. In six other 
persons an isoelectric T wave in the third lead changed to positive, and in nine 
persons negative T wave changed to isoelectric soon after exercise but returned 
to the original condition two to six minutes later. In five persons a positive 
T wave in the third lead before exercise i-eraained so soon after, but was changed 
to negative or diphasic two to six minutes later. 

There was one male, 33 years old, who complained of left preeordial pain. 
Because his first heart sound was diminished in intensity and there was some 
peripheral arteriosclerosis, lie was put in the group of questionable coronary 
disease. His eleeti’ocardiogram before exercise (Fig. 1) showed merely left axis 
deviation. Soon after exercise the T wave became almost isoelectric in the first 
lead and negative in the second lead, remaining so at the end of three minutes. 


Table II 


Persons in the various groups, sliowing range of heart rate, percentage increase in rate 
after exercise, percentage of persons returning in the pre-e.xercise level, and maxi- 
mum percentage increase still present among those who did not return to 
pre-exercise level. The heart rates were calculated in all persons 
from tlie electrocardiograms obtained in the standing posture. 


GROUPS 

ORIGINAL 
HEART RATE 

PERCENTAGE IN- 
CREASE IN RATE 
SOON AFTER 
EXERCISE 

PERCENTAGE OP CASES 
THAT RETURNED TO 
PRE-EXERCISE LEVEL 
AT END OF 




4 to 6 inin» 

Normal 

60 to 115 

8.S to 51.2 



Hj-pertension 

65 to 120 

2.1 to 46.3 



Coronary 

60 to 125 

6.5 to 43.8 

34.7 

81.3 

Questionable 

coronary 

92 to 115 

10.2 to 46.5 

44.4 

72.9 


maximcm inceease is 

KATE OVEE PEE-EXEE- 

CISE LEVEL STItt 

PRESENT AT ESP 01 


2 rain. 


27.0% 

39.1% 

20 . 0 % 

29.5% 


4 to 6 ms- 

23.07c 

20.07t 

oS.Off 


In the group xvith coronary disease, one person (Fig. 


r ) had positi™ T 


a 

after 


waves in the first and second leads, wliich became almost isoelectric ' 

after exercise and returned to the original condition later. In one pa 
positive T wave in the first lead before exercise changed to isoelectuc ^ 

exercise and was still in that condition tw'O minutes later. In 
diphasic T wave in the first lead before exercise changed to mildly post i 

after 


isoelectric T wave in tlie first lead before e.xercise, became positb e so 

Similai ciu 

second and 


exercise, and returned to isoelectric again two minutes later. Similai 


were noted in the second lead alone in two persons, and in the -- 
leads in two other persons. All othens in this group showed a on 
T-wave changes as tlie group with normal hearts. cliangf^ 

In the hypertensive group an isoelectric T wave in the secon w 
to positive immediately after e.xereise (Fig. 5) in two persons t!:e 

after exercise in two others. Similar changes were noted in wo p 
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third lead. In one person a positive T wave in the second lead changed to 
diphasic soon aftei* exercise and again to positive two minutes after. In four 
pereons, the T-wavc cliangos in the third lead were the same as in normal cases. 

Effect of Exercise on the Heart Rate . — The acceleration of the heart rate fol- 
lowing exercise is shoum in Table II. It will be seen that individuals with 
Roi’mal hearts have a tendency for a somewhat greater acceleration soon after 
exercise, and such acceleration lasted longer than in persons with abnormal 
hearts. Inasmuch as the electrocardiograms from which the rates were deter- 
mined were obtained in the standing postures, tiie rates m general are higher 
than the usual averngc. 

DISCUSSION 

If we consider the electrocardiographic manitestations occurring during 
the interval between the inception of the Q \va\c and the end of the T wave 
as the algebraic summation of sjn'cad and rcccs.sion of the fractional components 
of the electrical potential in the individual car<liac muscle fil)ers in the ventricles, 
changes in tiie phy.sical state of the heart muscle should theoretically produce 
changes in the resulting complexes. 

Exorcise is one condition where tlic physical of the heart should un- 
dergo rapid change, and such change siiould occur earlier and l)e greater in 
coronary disease than in the normal heart. Anoxemia and the accumulation of 
^vaste products should occur much quicker and to a greater extent m coronary 
insufficiency. Theoretically, therefore, the exercise test should help ns in the 
diagnosis of coronary insuilficioiiGy. Practically, iiowcvcr. no marked differences 
were noted in our findings in persons with normal and abnormal liearts follow- 
ing exercise. Comparatively few cases of coronary disease showed changes after 
exercise that were not found also in the normal. 

That the heart rate, as determined from ti»c electrocardiogram, did not 
return to the pre-cxcrcisc level in some cases as long as six minutes after exercise 
and that this occurred moi'e frequently in normal liearts than in coronary dis- 
ease appears to bo contrary to belief that the heart rate must come down to the 
pre-exercise level within two minutes after exercise if we are to consider the 
heart normal. This might pai-tly be due to the fact tiiot all determinations were 
done in the standing postures. 

In assigning significance to the findings presented in this paper, the amount 
exercise employed in each case is probably an essential factor. Individuals 
presented symptoms of dyspnea, palpitation, fatigue, precordial oppression 
pain early did not do as much exercise as others. This may partly account 
a more sustained effect of exercise on the electrocardiogram in the normal 
heart. If subjective reaction of the individual, more than the 

^ketroeardiographie findings, should be considered the important criterion of 
^Jocardial insufficiency. 

SUMJIARY 

Electrocardiographic studies were carried out in 112 persons before and 
differ exercise. Fifty-four had normal hearts, 26 had hypertension, 23 coronary 
fibrosis, and 9 questionable coronary disease. Mnny of the persons showed 
‘•^creased voltage of the P wave, increased or diminished voltage of the QRS 
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complex, slight elevation or depression of the R,-T or S-T segment, and increased 
or decreased voltage of the T war’e. These changes occurred soon after cxcrcLsc 
and lasted in some eases as long as six minutes. In two persons with coronary 
and in one with suspicious coronaiy disease a positive T wave in the first lead or 
first and second leads before exercise changed to negative or isoelectric T wave 
after exercise. In no normal persons did such changes occur in the first and 
second leads, but several showed it in the third lead. The usual changes were 
about the same in cases with normal as with abnormal hearts, except that in tlie 
normal heart they were somewhat more marked and lasted longer. In the normal 
heart there was a tendency for a greater increase in the heart rate after e-xereise. 

We may conclude from these findings that the electrocardiogram does not 
usually show characteristic changes after exercise that could be taken to indicate 
the presence of coronary insuffieiencx'. In an occasional case it may be of value. 
The subjective reaction is perhaps still tlie most important criterion of the 
cardiac functional state. 
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IIYPKRTENSIOK AND OHESITY' 


A Statistical anl Ci.in'ical Study of 10.S83 Individuals 


Samuel G. Kouinfon, !Marsiiall liiiucLR. and John i^Iass 
Chicago, Iu.. 


T O WIIAT extent is obesity rclatetl to Iiyperlension ? ^Medical literature 
does not eonelusivcly answer this question Altljongh a wide variety of 
groups lias been studied, there has been no staiulardization of either the hyper- 
tension or the obesitj' concept. The meaning of the term “obesity’^ is not 
olear. Sure]}' weight alone does not measure it. and a cliiiical impression or 
a “build group,*' while helpful, is not a final dehuUion of obesity. There is, 
therefore, need for a more adequate treatment of ibis subject. 

Since the first rough studies of blood pressure were published, the most 
comiuon associated physical finding has boon ovorweiglit Every study of the 
blood pressure-weight relationship has shown that the average blood pressure 
of a large group of persons rises with increments of weight. Yet there are 
conflicting opinion.^ confronting the all-inclusive statement that blood pres- 
sure correlates to weight. Bowes^ in 1917 found no weight relation to blood 
pressure. However, his group consisted of a small number of aged individuals, 
most of whom ivere afflicted witii disease.s other than hypertension alone. Post 
3nd Stieglitz* and Schulze and Schwab* reported groups of hypertensive per- 
sons in whom obesity was relatively rare. Gcil and Secher,* though over 50 
per cent of their hypertensive patients were obese, concluded that "ostensibb” 
obe.‘?ity has no significance in hypertension.'’ Mosentbal,* while recognizing 
die relation, states that the influence of weight has probably been exaggeiated. 

The literature on obesity and hj-pertension is also confusing on the question 
of what ages are liable to the overweight-hypertension relationship, Symonds,*^ 
arrangijip- ]ii.s stud}’ by build groups on a M-eigbt per unit height basis some- 
similar to ponderal index, found an increase in pressure with an increase 
'» relative obesity for all ages. The Actuarial Society of America/ on the 
oilier hand, found that two-thirds of all individuals ten pounds or more over- 
eight have an elevated blood pressure, but specified that this relation existe 
o^ly for ages over forty. Another confusion arises from the work of Hubei,' 
"'ho showed that 53 per cent of underweights and fi per cent of overweights 
bad low blood pressure, while 21 per cent of underweights and 14 per cent of 
had high blood pressure. 


Northwestern 


IJnivcrsitr. and the Department of 


Xtedicinc, 

or thl. mnlorial was furnished by llie personnel of the tVork 
'“Is Aiimlniatration. omcinl nojcct No. 46j-54-3-3i-(3). 
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A survey of the literature on the problem can be broken into a number 
of subdivisions according to the methods of study. Some authors have used 
the clinical impression of obesity in its extreme state and have noticed, many 
times ivithoiit specifieallj’^ looking for it, the common association with an ele- 
vated blood pressure.®'^® Conversely, other authoi’S working with hypertensive 
persons have found a large percentage of tlieir groups to be obesed^'*® 
Fewer data are available in regard to the opposite relationship between 
underweight and low blood pressure. The conclusions of Huber® and Brower” 
point out a very strong tendency for low blood pressure to be associated witii 
imderweight. 

Another important source of data concerning the weight-blood pressiire 
relationship has been furnished by the insurance studies. Hoivever, the in- 
surance medical examiners haAm never used a standardized technique for re- 


cording Aveights. It has been only during the past few yeans that insurance 
examiners haAm carried scales. Yet eA'en noAV scales are rarely used, and what 
is more, Aveights are never measiu-ed in tlie micle subject; hence a variable 
Aveight of clothing is recorded. In the past the insurance doctor merely asked 
the examinee Avhat his Aveight Avas, and Avheu in doubt, used the nearest drug- 
store scale. Medical directors themseh'es have recognized the uureliabiiily 
of these Aveights, and, accordingly, have used a synthetic Aveight measure cal- 


culated from a formula embodying height, chest, and abdominal measures. 
It is obAuoiis that such an indirect measure cannot give scientifically accurate 
results. Similar criticisms liave been made on the lack of standardization o 
the technique of measuring blood pressures for insurance examination, jc 
dissatisfaction of many medical directors with the standardization^ of their 
examinations is promising of conelusiA'e work in the future. Bearing ic® 
criticisms in mind, the insurance studies have all shoAvn that blood pleasure 
increased -with overweight and decreased with underweight. * “ 

A further criticism of much of the literature on Aveight and blood pressu^ 
is that there have been feiv studies that have established an index o ® • 

as differentiated from pure Aveight alone. Most of the work that has 
nized the difference betAveen Aveight and obesity has circHmA’’ented the 
by creating “build groups,” accurate enough to differentiate 


of obesity but not satisfactoiw in delineating the accunuilation 


Avithin AAudelj' Amrying types of build.® 


accurately the 


In order to overcome these criticisms and to determine more acci 
relationships inherent in the correlation of overu-eight and hypei 
abstracted tbe periodic physical examinations of 10,883 indiA'idua s, 
healthy or Avith minor complaints.® In each case the examina mu 
under standardized conditions by one of six phj^sicians. Iden ma 
were used in measuring the blood pressure, height, Aveight, chest, aswa® 
and an effort Avas made to control the conditions of examination 
possible. All physical measures Avere taken on the nude subjee . 
measured on a beam scale made by the Continental Company , on 

to the nearest pound for the pni-pose of this study. x 

a specially* designed apparatus Avherein the heels of the sii jec 
a<^ainst the backboard of a platform and tlie shoulders tiiown 

»For a complete analj-."!i.s of the blood Int JW'!-- 

S. C., and Bruccr, M. : The Ranso of Normal Blood Pressu.e, Arch. Int. 
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a rod; the head was tilted to obtain the maximum iieight to oiie-foiirtji of an 
inch. The ciicst incasiu’c was taken witli a steel tape. Ju the maJe it was 
taken about an inch .above tlie nipple line durin*? quiet breatliiu',’'; in the female 
the chest measure was taken above tbe breast tissue well above tlie nipple line. 
The abdominal measure was at the level of the iimbilieu.s. Blood pre.ssure 
measurement was made with mercury nianometers on the left arm of the sitting’ 
.subject. The auscultatory technique and the fourth diastolic pha.se were used. 

Bor the study of weight and blood pressure, 7.478 male and 3,405 female 
records ivere examined. The physical measures herein correlated were dis- 
tributed in a manner to be di.seiissed next. 


PONDEUAL INDEX AND UI.OOD PRESSUnE 


Despite the obvious correlation of weight to blood pressure, conclusions 
drawn from the weight measure alone arc highly inaccurate. Except at the 
c-vtrenie ends of an array, weight alone does not sluiu a necessary correlation 
of obesity to blood pressure. For example, of two men — the one very short, 
the other very tall- — ^eaeh weighing 150 pounds, tlie short man would be over- 
iveight while the tall one would be underweight. 'i'Jds snnjile example makes 
ohvious the iieces.sUy for rejecting weight as a single criterion of obesity. In 
order to relate obesity to liypcrtensiou it is first necessary to determine the 
degree of obesity within specific height groups Tlie clinical impression of 
obesity, as used by some atUhors, has palpable shortcomings, and likewise, the 
typing of individuals by build group.s, as is practiced by insiu-ancc actuaries, 
is not entirely without fault, for this assignment of individuals into groups 
hears neither the statistical conveuience nor the accuracy of a calculated index 
of relative obesity. Perhaps tiie simplest and most easily available method of 
ranging individuals relative to degree of obesity is witli the use of the ponderal 
index The ponderal index is defined a.s the simple ratio of weight in pounds 
divided by height in inches.^ Thus of two men, each weighing 150 pounds, 
Ike one 74 inches tall would have a ratio of 3.0, a lightweight index number, 
I'diile the short one at 60 inches would have a ratio of 2.5, a lieavyweight index 
luimber. It is easily seen why such an index is far more accurate and pracueal 
than weight alone, because it provides a single statistical unit combining heig it 
(Uid iveight, thus giving us a better numerical picture of obesity.t 


Ha. also Been 

S.V. ■■■ ^ 

s?s ■ ■ . llsswtrsr=:=ei 

^'icoticenlr • 66 1. . 

cSL’..nV?4 

6 I neight index arc as follows: 

CoyreldtioH 


Men S.iOS UVHien 

W/fl to systolic pressure s= 0-196 + 0-011 anO 0-262 + 0.022 

WH< to ffl-stolle pressure = « 183 . O.Op anO 0.2|| 1 « J-0 

ll'/H’ to aystoho pressure = 0.198 .0-02- ano u-.io . 

2vW/H to wstol.e pressure = 0-171. 9.023 and 0.283^0.0;- 
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THE PONDERAL INDEX DISTRIBUTION 


Tlie cliytribution of poncleral index among 7,478 males and 2,325 femaies 
shows that the ratio ranges from 1.5 in extremely lightweight persons to over 3.7 
in extremely heavyweight persons. The mean male ponderal iiide.x was 2.3, 
with a slightly lower mode at 2.2. A standard deviation of 0.3 showed that 
the bulk of tlie males ivas grouped in the range from 2.0 to 2.6. The female 
di.stribntion showed a mean ponderal index slightl.v loiver than tliat of iiiales, 
at 2.2, with a mode at 2.0 ; the standard deviation was 0.4, whieh indicates tliat 
the bulk of the females was in the range from 1.8 to 2.6. 

By clinical impression and comparison with standard tables it was decided 
to divide the group teutativel.v into lightweights (a ponderal index up to 2.0), 
medinmweights (a ponderal index from 2.0 to 2,4), and heavyweights (a 
ponderal index of 2.5 and over). These groups merge one into the other; in 
the original statistical analj^sis much finer subdivisions were used. This divi- 
sion classed 17 per cent of the males and 38 per cent of the females as light- 
weight,® 57 per cent males and 41 per cent females as uiediumweight, and 26 
per cent males and 21 per cent females as heavyweight. 


Table I* 

The Relationship of Age to Ponderal Index 


AGE GROUPS 

UKitEJ; 

20 

20-29 

30-39 

40-49 

50-59 

GO ANP 

QVZK 

T 

1 .tots 

7J7S Males 

No. of eases 1 

Mean ponderal index 
Mode ponderal index | 
Per cent lightweight i 
Per cent heavyweight 

1 113 1 

1.96 
2.04 

51 j 
6 

I 1652 1 

1 2.31 

2.06 

26 

13 

H 

■HilM 


HIIH 

H 

S,SgS Females 


No. of cases 

Mean ponderal index 
Mode ponderal index 

Per cent lightweight 

Per cent heavyweight j 

46 

1.95 

1.85 

72 

0 

595 
! 1.98 

1.85 

63 

7 

1 797 

! 2.36 

2.05 

38 

IS 

j 503 
i 2.28 
2.25 

1 20 

33 

232 
! 2.48 

2.36 
i 21 
' 40 

2.28 

2.17 

21 

27 

2.10 

1.P3 

3S 

21 

ct.iti5tiC3l 


measures ha^'O been expressed to the nearest unit. 

With an increase in age tlie ponderal index increases for both 
female groups (Table I). The twent,v-year-old males have a 
index of 1.96, whicdi steadily rises as the age increases until thepeavpo 
index of 2.42 is reached tow'ard tlie end of the fifth decade. Note 
only 6 per cent of the very young men are heavyweight, fulij 3.) 
the men in the age groups 40 to 60 are lieav.vweight. The ^ 

a similar tendenej-. Starting at an index of 1.95, eomparathe> ' 

. Theretore. ^mA,rv"c;in*'aC<5 '’(O; 
he It j. ih- 


Continued front itage S09. 

instance exceeds 0.027 in the men and 0.030 in tlie women 
studv. the complications inliercnt in the modifications of tlie "j-e- 
little to the value of tlie index. The weislit-Iieiffiit index is used W ims u, r 
.simplest and easiest to understand. ,„pasure. However, ■_ 

Some authors use the sitting height instead of tlic standing liciBh ‘ 7,nf,niiiUar aw' 
sitting heiglit measurement is not generally taken by the physician, - 
mands more rigid standardization. At any rate, the statistical differenv 


measures is said to be slight. 

•The fact tiiat tlio females were a slightly younger gioup 
Eoniewliat. 


would modify the 


(iiifere; 
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that of males, tlie female ^^roup {rains weijrlit more slowly to reach a peak 
poiidera! index in the sixth decade. ‘Wliile only 6 per cent of the young fe- 
males are heavyweiglit, in tlic 50 to 60 year a‘j:c group -10 per cent of all females 
are in the heavyweight class. This increase should not be interpreted as a 
plij'siologie accretion of weight beyond the third decade. A yearly increase 
in weight does not take place in tlie physically active farmer group where 
obesity is i-elatively rare,-'' nor is it the rule among primitive peoples-® u'liei’e 


THE INCREASE OF WEIGHT WITH AGE 
IN DIFFERENT PRESSURE GROUPS 



ua a group of physical!}* active Souili African nativt-s <301 the ''Mifg,} 

^^‘tchea befoie the thirtieth year and remained constant throughout adult hfe. In a civilized 
trouj) of males, those with low blood pressure followed a s.milai \v«-i^ht tur\e. while those with 
'''511 pressure continued to gain weight over the entire life span. 


there is no opportunity for sedentary living. For example, in a study of Soutli 
African natives, Broiiie'"’ observed an increase in wei^dit up to age 2d, after 
"'liieh tile average weight remained at tlie 135 pound level. These natives 
"■ere physically active. Only among a .sedentary group is there an interfer- 
ence with the normal physiologic proce.sses regulating body weight (Fig. 1). 
".'■ this interference with the regulation of body weight, tlie span of life is 
eiortened. The effects of a yearly increase in weight are lucidly illustrated 
recent mortality studies.^’'' == AVith every increase in weight, beginning 
"■ith below average levels, there is a progressive increase in gross mortality. 

this overweight mortalitv soon reaches alarming proportions has long 
''«en known.''>='-3.-. The high mortality of the obese explains the decrease in 
’"Mil ponderal index after the fiftieth rear, and thus we may surmise that 
i-elatively few heavvweiglits live long enongli to be included in the older age 
fWiips. Although the peak of overweiglit in the female occurs about 10 years 
'’’‘"’• than in the male, overweight in the female is accompanied by the same 
’■alalive mortality tendencies.^” 


THE nnuATiON of roNDEnAU index to systolic dlood pressure 
'"’ith an increase in relative obesity, as measured by ponderal index, there 
"■"■i a decided .steplike increase in .systolic blood pressure. The modal pressm-e 




The Relation op Ponderal Index to Blood Pkessore 


832 


THE JOURNAL OP LABORATORY AP 
























noniNSON ET AL. : IIITERTENSION AND OBESITY 


S13 


THE INCIDENCE OF OBESITY IN LOW AND HIGH 
SYSTOLIC PRESSURE GROUPS 



USHTWEIGHT HEAVYWEiaHT 


2325 FEMALES 




V 









L 

/ 




1 1 



150 2.00 2.50 3i00 350 

USKnVEieHT HEAVYWEIGHT 


PONDERAL INDEX GROUPS 
PONOERAL INDEX • WEIGHT/HEIGHT 


Fie. 2.— The Incidence of high pressure Is less frequent .imong the Uglitweiphts nml m* 
creases In frequency as weight Increases. On the other h.iml h’w blooJ pleasure is most no- 
(pient among the lightweights and sharply decreases with in<iea«e in wtiglit 


THE RELATION OF WEIGHT TO BLOOD PRESSURE 

PERCENT OF ACTUAL TO EXPECTED INCIDENCE 


7478 MALCS 232S TEMALCS 

SYSTOLIC 


k till 

i fii 

— UQl 

idMHI 

laffliilill 

Ml fillli 

M 

u 

li 

ill li 

M» ii » 
illMilliiJ 
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PRESSURE 
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EACH FIGURE EQUALS c.SOX 

L 3 pressures arc more common among the hea'Vj'weights and 1 ot\ pressures arc more 

common among the llghtweignts. 
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increased with an increase in relative obesity, though not as maricedJy as did 
the mean.'^^ This indicates that there is not a ponnd'for-pound, inillimeter-for- 
niilliineter rise, but instead, an increasing incidence of high blood pressures 
with each increase in relative obesity (Table 11). That this is more striking 
in the females is to be expected because of the very low pressures ve observed 
in jmung females at the age when we expect them to have a relatively low 
weight. Lightweight females have lower pressures while heavyweight females 
have the same systolic pressures that are observed in men of similar weight. 

The relative incidence of low and high pressures in the various weight 
categories shows this relationship clearly (Fig. 2). Note the high incidnwt 
of low pressures (40 per cent) in the lightweight males. This incidence sharply 
decreases with each increase in weight until among the obese males only one- 
tenth of the group has low pressures. Converselj^ in the incidence of high 
pressures, the very opposite tendency is apparent. Starting with an incidence 
of only 7 per cent of high pressures among the lightweight males, there is a 
slow aeoumnlation of high pressures in the middleweight group and then an 
accelerated rise to a 30 per cent incidence of high pressures among the obese 
males. 

In the female group the tendency is similar. The lightweight females Inne 
a high incidence of low pressures and a low incidence of high pressures, uhi e 
the heavyweight females have a lower incidence of low pressures (though not 
as strikingly low as the males) and a higher incidence of high pressures. ^ 
crossing of the incidence curves of low and higli pressures, as pictured in h’ 
2, is a dramatic illustration of the effects of weight on blood pressure. 


Table III 

Per Cent Actual to Expectep Ratio Ponperal Inpe.v to Systolic blood 


1 

7,478 

MALES 


lightweights 
(under 2.0) 

HEAVVrWEIGHTS 
(OVEP, 2.4) 

Low pressure 

(Under 110 mm.) 

145 

GS 

High pressure 

(140 mm. and over): 

55 

155 


lightweights 
(usper 2.0) 
T35 

36 


2.325 FE.MALES ___ 
HEAVYwiiKnTS 
fo vnr. 


"40 


The per cent actual to expected ratio shows clearly fiicre 

derweight-low pressures and overweight-high pressures (Ta ) e ;j, 5 tea(i 

is almost a 2.5 to 1 chance of the hjTJertensive pei’son being oieineic 


*In the male group the liRlitweights had a mean 4 ilood pressure of me.in -. • 

as compared with 121 mm, in the niediumweigrhts. Among- the nea-^ ' ver.v oW- ■ 

pressure -n-as 134 mm. in the least heavy group, rising to mer 15 u nu j^jffgrcncc tfcf 

standard errors of these means were small, thus indicating a sisn examplv- «- j 

blood pressures of the lightrveights, niediunnveights. and huai3«e'f>— (jjjj - y;),. 

formula 3 VtySwT-cSST the difference between the \ fS to be 

and the mediumweight pressure (120.9 ± 0.23) would need he o . Murio- 

the actual difference is 4.3 mm. , , ip u.=eful , par- 

tThe per cent actual to expected ratio is very ^^TPhL^irsion of another voTf'f.ure.' L; 
the relative effect of the extremes of one arraj- upon tlie disper. . blood pvty ll 

we have used this technique to .show- the uwi^m-cssures under 

example, if. as in any random group, we find 22 blood picKUire. bloof t!;‘.f; 

Wood pressures over 140 mm., and if there were no ®'T^leiKh°i This is '' 

should find the same ratio, 22 to 11. in pressures under HO over W 

are actually only 1.3 Instead of 22 u''erwe>slRs h-ith s>stolic pr ^ cnmPored.f.V 

instead of 11 overweights with pressures over 140 mm. cirrlplr " 

pected incidence of 15/22. or only 63 per cent, of »‘«A^"-vweight group- £*"'^1, 
17/lL or 155 per cent, of expected htehpres.sures among our heaw 
the expectancy of hypertension among heavyw-eights is amw. 
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of underweight, and tlie imderweig^ht pei-sou has the same eiiance of having 
a low pressure. The per cent actual to expected ratio shows the female high 
pressures to be even more strikingly associated with obesity than is the case 
with the males. Thus we find a G to 1 chance of the hypertensive female being 
overweight, while the lightweight female has almost a 4 to 1 chance of having 
a low pressure (Fig. 3). 

It might be argued b}' some that the factor of age has its effect on these 
figures because the higher pressures ami the overweights are found in the 
older ages, W’hile the underweights and loner piesMires are found more gen- 
erally in younger ])ersons. This criticism is partt<iily circumvented by plotting 
the correlation in each age group separately ami constructing this multiple 
correlation in the form of a three-dimeii.sioual giMpli. as in Pig. 4. Bach row 


THE RELATION OF PONDERAL INDEX 
TO SYSTOLIC PRESSURE 
IN SPECIFIC AGE GROUPS 



Hr. i — See description In text. From a model exhibited at the St. Louis Sessions of the 
American Medical Association. 1939 

of peg.s represents an age grouj), from 15 to 19 j'ears on the extreme left to lO 
Jears and over on the extreme ri"Iit. Each age group is broken cloivn into 
Ponderal index groups, 1.5 (tlie very tliin pensoiis) in tlie extreme front to 3.0 
(the very obese) in the extreme rear. Tlie height of tlie peg represents the 
^‘riglit of the average sy.stolic pre.ssnrc for each specific age-ponderal index 
group. 

From this multiple coiTclation graph ive learn that in each male age gioup 
die average sj'stolic pre.s.sure tends to rise -with an increased pondcral index 
^’hl tliat the more noticeable elevations come in the older age groups. ns 
fannot be interpreted superficiallv as a poiind-for-poniul, niillimeter-for-miMi- 
meter rise. It is eifed, rather, as’ evidence tliat hypertcn.sive persons fall most 
‘■ommoiily in tlie ovenveiglit groups. Tlie overweight groups in the older ages 
"■■a more intensively affected by orerweight-hyperteiisive males than are the 
•Jaimg ages (Table IV). In the relatively few cases where liypertension does 
['•'I in an uiiderweiglit group, it is almost alway.s in middle-old age. In the 
'male age groups the relationship is not as apparent. Tlie very young and 
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tlie very old females do not follow this order. The paucity of subjects over 
60 years of age lends some doubt to any interpretation of the higher pressures 
among the lightweight females; a feiv unusual subjects can easily distort tlie 
mean figure. However, an adequate explanation of this discrepauey lias iwt 
yet been worked out. 


Table IT 


PoNDEBAL Index to Systolic Blood PnEssur.E at Various Ages 


rONDEHAL 1 

INDEX 

UNDEB SO 
YEARS 

AGES 

30-39 

AGES 

40-49 

AGES 

50-59 

AGES O’O A.VD 
OVER 


F 

M 

F 

ir 

F 


F 

U 

F 

1.7 and under 

lie ! 

109 

112 

112 

113 

111 

121 

127 

339 

354 

t-S 1.8 

lie 

110 j 

115 

111 

117 

lie 

135 

318 

123 

352 

1.0 

117 

109 

114 

in 

119 

116 

125 

126 

330 

35S 

...2.0 i 

IIS 

112 

117 

112 

ns 

119 

122 

120 

32S 

349 

2.1 

119 

111 1 

117 

111 

ns 

118 

124 

128 

328 

B 9 

f'S2.2 

120 

111 

no 

115 

120 

ns 

123 

125 

334 , 

|i| 

&> 2.3 j 

119 

114 

118 

114 

122 

122 

128 

133 

344 

II 

2.4 ! 

121 

1 115 

ns 

[ 118 

120 

124 

131 

133 

334 

! 143 

2.5 

121 

1 113 

119 

115 

117 

126 

130 

132 

338 

i 12S 

...■S 2.6 1 

120 

i 111 

121 

113 

125 

131 

126 

127 

331 

i 146 


121 

105 

124 

119 

125 

130 

133 

130 

! 138 

1 IIS 

2.8 1 

124 

' 111 

122 

116 

124 

126 

140 

134 

142 


2.9 i 

122 

I 

121 

t 123 

131 

331 

132 

144 

135 


3.0 and over ! 

119 

no 

124 

122 

129 

129 

337 

3.38 



Total cases | 

1,748 

035 

2,387 

797 

1,967 

56,3 

943 

232 


n 


If the incidence of high sj^stolic pressures among the heavyweights, the 
lightweights, and the total male group is coinjiared in each age-group (Fig.5)i 
the heavjwveights show an accelerating increase which tapers off at the oMef 
ages. The aeeelei'ation of incidence of high pressures in the total group 1*?® 
somewhat behind the heav 3 wveight group, but at the older ages tends to ap 
proach tlie heaiyweiglit curve. While there is a rise in the incidence of 
pressures among the underweights, the curve falls away from the total gi'WH 
curve as the age increases, and is not as apparent as in the heavj u eig ' '‘'• 
In order to Adsualize more elearl 3 >^ the effect of age, we have 
pj'essures into two classifications : sj’stolic pressures under 110 
pressures over 140 mm., and each of these divisions was further bioken t 
into two weight classes, light and heavy, for each age group. In 
group except the last the lightiveight men and ivomeii show a highei 
tion of low pressure than high pressure (Table V). Howeier, 
becomes older the ratio betiveen low and high pressures decreases. 
weight men and ivomen shoiv a greater incidence of loiv pressme ‘ 
pressures up to the fortj^-fifth year (though much less than is lounj ^ 
lightweights). After age 45 this ratio is entirely reversed, Jii 

high pressures than low pressures among heavyweight men anc 


ev 


ery age group there is a higher percentage of high pressmes 


atnoii? 


the 


heavyweight than among lightiveight men. In v'omen 


this is also true 


pxcep* 


in the verv young and the veiy old. _ l ■ . p • 

Wiien tlie incidciiee of high and low lilood pressures in then u 


-idecl weieW 
(ed inci(h"‘'''- 


categories is compared on the basis of the per cent actual to expee ^ j ^ 

tdiigh pressure 


we see veiy iilainlj* the tendencj' toivard a heavA-Aveight- 
Aveight-loAV pressure grou}Hng (Table YI). Note that in 


each ago groti[' 
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weights show a tendency toward low ])rc.ssiire, and Iioavyweij’hts tend to congre- 
gate in tlie liigh pressure grout). Contrariwise, heav.vweights sliow a very low ratio 
of low pressures and a high ratio of higii pressures. Furtlicr, with an increase 
in age the lightweight-low pressure group shows an increased ratio. The fact 
that tlie heavj'weight-high prc.ssure ratio decreases as the group becomes older 
jiiiist be interpreted in the light of its relationship to the total group. AVhile 
the actual incidence of high pressures increases with age among tlie heavy- 
weights, tile incidence of high pressures in the total gi-onp also increases, and 
ill old age approaches the incidence among the heavyweights. Tims, the ratio 

INCIDENCE OF HYPERTENSION IN OBESE 
AND IN UNDERWEIGHT MALES 


1972 OVERWEIGHT MALES 7478 MALES ALL WEIGHTS 1255 UNDERWEIGHT MALES 



AGE CROUPS 

Fiff. all age groups overweight individuals show a higher Inciilcncc of hypertensive 

pressures. 

between the two incidences ivill decrease. Conversely, tlio lightweight-high 
Pi'essiire incidence increment falls away from the total group curve, and the 
latio between the two increases somewhat. Again, the very old female group 
does not conform to the general low weight-low pressure tendency an unex- 
plained discrepancy. In the other age groups hypertension falls more pre- 
^lomiuantly among’ the overweiglits. But it is important to call attention to 
‘be decreased correlation between oI)esity and hypertension ns age progresses, 
^ finding contrary to what one would cxjiect. 

THE RELATION OF PONDERAL INDEX TO DIASTOLIC PRESSURE 

, Tile male diastolic pressure, as did the .systolic prc.ssure, .showed a definite 
"mi'ease in vascular tension with an increase in relative obesity (lable II). 
hi the very lightweight males the modal diastolic pressure was around 70 mm. 
’>'111 rose fnllv lo mni. as the relative obesity indc.x rose to the heavyweight 
tlas.,. Whereas about 16 per cent of the lightweigl.t males had pressures under 
™>11!11., les.s than 1 per cent of the heavyweight males had low pressures; and 
'I'liereas only 5 per cent of the lightweight males had high pressures, fully 19 
Tai cent of the heavyweight males had pressures over 90 mm. 




Percentage Incirence op Low and Hig}i Systolic Pressure Among Lightweight and Heavyweight Men and Women 
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The female group showed a similar distribution. The lightweight females 
had a diastolic pressure of about G6 mm., wliich rose fullj' 10 mm. in the over- 
weight group. While 20 per cent of the liglitweight females had pressures 
under 60 mm., only about 8 per cent of the overweights had low pressures. 
Conversel}', while only 2 per cent of the lightwciglit females had pressures 
over 90 mm., fully 20 per cent of the obese had high pressures. 


Table VII 

Pen Cent Actual to Expecitd Ratio 
PO.VDERAL I.VDEX TO DIASTOLIC RrX)on PCESSURE 



7478 

MALES 

2325 FEMALES 


LIGHTWEIOIIT 

HEAVVWLIOIIT 

LIGHTWEIGHT HEAVYWEIGHT 

Low pressure (under 70 nun.) 

i-in 

■»7 

1.U) CiS 

Hipli piossnro (00 mm. and oier) 

4?> 


33 21 7 


Tile per cent actual to expected ratm ates iliis rclationsliip more 

clearly {Table VII). Of tlie lightweight males, 14J per cent of the expected 
Arill have a low pressure, while only 4.1 pei ^-ent will liave a high pressure. 
Conversely, of tlie heavyweight males, 57 per cent ot tiic expected will have 
a low pressure, while 180 per cent will Iiave a higli pressure. The female 
frroup is similarly inclined. The liglitweight-Iou pressure group shows 130 
per cent of the expected incidence, and the iiglitweiglit-bigh pressure group 
shows only 33 per cent of the incidence expected. Conversely, the heavy- 
tveight-low pre.ssure group is only 68 per cent of the expected, and the 
heavyweight-high pressure group shows an incidence double that of expected. 
Thus, in both males and females a light weight usually is associated with low 
diastolic pre.ssure and a heavy weight with high /liastolic prc.s.sure. 


Table VIH 

PONDEUAL IKDEX TO DIASTOLIC Bl.OOD PKES-SUHE 


VONDET-AL INPEX 

UNDER 30 
YEARS 

AGES 30-39 

AGES 40-49 

AGES 50-59 
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80 

77 

S3 

84 

81 

81 

78 

70 

76 

70 

75 

73 

78 

77 

81 

70 

76 

77 
82 

82 

76 

71 

71 

73 

75 

78 

80 

77 

81 

78 

81 

81 

71 

86 

75 

87 

78 

S3 

82 

78 

84 

84 

76 

84 

7*3 

78 

80 

iotal casoi; 

1,748 

635 

2,3S6 

797 

3,967 

503 

943 





. As with the systolic pressures, it has been argued that the age factor has 
“S effect on these conclusions, because Avith an increase in age ive find an 
““■•case in botli Aveigbt and pressure. To circumvent fliis criticism tlie ponderal 
mdex-pressure correlation was carried out in each age group ivliere tin's tend- 
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eney of pressure to rise as weight increases was again noted (Table VIII). 
Again, in the aged females either the low frequency has distorted tie sample 
or there is another factor operating rvhieh we have not as yet explained. 
Except for this irregularity, no matter what the age, the heavyweight person 
is more liable to a high diastolic pi-essure than either the inediumweight or 
the lightweight person. This evidence bears out our clinical experience: that 
hj'pertension is definite!}' a hazard among overiveights and conversely, even 
more strikingly, ovei’weight is a hazard of hypertension. 


DISCUSSION 

We have investigated the relationship between weight and blood pressure 
in a group of 10,883 individuals, residents of an urban region. An increase 
in -weight -was found to be concomitant with an increase in blood pressure. 
However, iveight alone was found to be a poor indication of excessive fat 
storage because of the wide valuations of obesit.v possible in identical weight 
groups. By taking height into consideration a more accurate index of relative 
obesity is obtained. Most existing studies are lacking in one or more of the 
essential criteria for a conclusive analysis, which, combined with a lack of 
standardization, has led to considerable divergence of opinion on the question 
of iveight and blood pressure. In our sample we found ponderal index, an 
accurate measure of obesity, to vary direetl.v with both systolic and diastolic 
pressure in such a manner that high pressure tended to congregate among tic 
heavyiveights and low pressure tended to be most usual among lightweig t®. 

Since the incidence of obesity and hypertension increases with age in 
about the same degree, a study of mixed age groups does not measure t lai'’ 
intrinsic correlation. Within specific age groups this obesity-h}T)ertension cor^ 
relation holds true excepting in the oldest age group. Since the degiee o 
correlation increases with age, it is surprising to find that the oldest age gio'T 
studied fails to follow' the expected trend. We cannot give an explanation 

this disturbing deviant correlation. _ i i . i<;e 

Because liypertension begins at an earlier age than obesit} aiu 
of the high incidence of familial hx'pcrtension, heredity is probably the rs^ 
in the predisposition tow'ard hypertension. Body build, reflecting t le 
tendency, pi’edisposes the individual to different pressure levels, ^ 
nary studies indicate. It is essential to separate the obesity factoi 
body-bnild factor. Current literature on hypertension and obesit} 
pletelv ignored their interrelation. The interrelation of hod} bui ( . o 
and hypertension will be the subject of a subsequent study. ■’ 


CONCLUSIONS ^ 

1. In the analysi.s of 7,478 males and 3,405 females, weight 
to be a poor mea.sure of obesity. Consequently, a poiuleial iR 
divided by height — was used as an index of relative ovenveig ' ■ [it 


2. With an increase in age there is an increase ?• 

pondei'al index. After the age of 30 this inci'cnsc in weigi is 


pathologic process. _ ^ stepl'l''’- 

3. With an increase in ponderal index tow'ard obesit} fenink’ 

rise in both mean systolic and diastolic blood pressures in t e mR ® 
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4. The modal systolic and diastolic pressures increased with aii increase 
in pondcral index toward heavier wei^^ht though not as inarlccdiy as did the 
mean. 

5. The per cent actual to expected ratio shows that the obese males have 
almost three times more systolic hypertension and almost four and one-half 
times more diastolie hypertension than do the uiulerweight males. 

G. Tlie obese females liave six times more systolic and diastolic hyperten- 
sion tliaii do the underweight females 

7. Tlie obese males have only one-half as many low systolic pressures and 
only five-eighths as many low diastolic pressures a*, do the underweight males, 

8. The obese females have only three-eighths as many low systolic pres- 
sures and one-half as many’ low diastolic pressures as do underweight females. 

9. In any hypertensive group overweight is prtjportionately more common 
than iinderweiglit, and, conversely, in any low pressure group uiiderweiglit 
is more common than overweight. 

10. The per cent actual to expected ratio shows that among obese males 
higli systolic pressures arc two and one-half times more common than low 
pressures, wliile high diastolic prcssiire.s arc three time.s more common than 
low pressures, 

n. Among overweight females there are three times more liigh systolic 
and liigli diastolic pressures than low systolic and low dia.stolie pres-sures. 

12. Among underweight males there are two aiul (>ne-lialf times more low 
systolic pressures than high systolic pressures, ami three and one-half times 
more low diastolic pressures than high dia.stolie pressures 

13. Among underweight females there are almost four times more low 
i-ystolic and diastolie pressures than liigh systolic and diastolic pressures. 

14. In every age group (except females over CO years) there is an increase 
hi mean systolic and diastolie pressures with an inerea.se in weiglit. 

15. Among the overweights under the age of 45 there are more low pres- 
siu'cs than high pressures. This ratio between low and higli pro.ssures de- 
creases with succeeding decades so that at the age of 45 there is a complete 
reversal and thereafter there are more high than low pressures. 

16. The per cent actual to expected ratio shows that in every age group 
everweight males and females more often have high jire-ssures tlian low pi’essiiies. 

17. In every age group underweight nialc.s and females (except females 
over GO years) more often have low pressures than liigh pressures. 

18. In every age group hypertensive males and females (except females 
over 60 years) more often are overweight than underweight. 

19. Ill every age group males and females with low pressure more often 

underweight than overweight. 

20. In general, it may be said that obesity and hypertension are frenuently 
■''ssoeiated, but judgment ms to the significance of this fact must he withheld 
until the influence of body build on obesity Has been appraised. 
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145 DRUNKEN DRIVERS—A BLOOD AND URINE ALCOHOL STUDY’ 


Don'am) F. Bavis, M T., Lin’coln', Ni:n. 


I N A previous .'irticlc,^ \vc niontioiied the favl tliat about 100 drunken drivers 
had been oljserved by fliis laboratory for ab'oliolie content of their blood 
and urine. It is the purpose of this article to present the results of this study. 

IVe had hoped that by this time a much larjior number of eases could be 
reported, but unfortunately, due to noncoopcratnm. tlie taking of specimens 
oil accused drunken drivers dropped off and pra.-tieally ceased as a routine 
procedure. 

Of 145 persons, ^ve took both blood ami unnc spi'ciiiicns on 66. This gave 
us a chance to observe tlie accused pei-sou when (In- call to the police station 
was made to obtain the blood; wc were, thorcforc, able to make a full set of 
observations on each person. Tlic method used was that of tlic National Safety 
Councirs Committee on Test.s for Intoxication as pu-viously explained.'^ It also 
gave us an opportunity to note the degree of correlation betucen the concen- 
tration of alcohol in the urine of these subjects ami that of their blood. 

There were several other advantages, chiefly from the legal standpoint. 
Tor example, one may te.stifj' repeatedly that the results of urmc alcohol tests 
are, as a rule, close to the results of tlie blood test. One may state that the 
results run parallel after the first one and one-half hours, witli the urine 
slightly higher, but in a close definite ratio to the lilood. All this is not as 
definite, nor does it have the legal weight, as docs ijeing able to testify from 
experience with a large number of cases where blood and urine were run 
simultaneously. This also makes the acceptance of the urine result alone much 
easier. Another legal advantage to such a procedure is that one is enabled 
to testify from one’s own experience that there is a close relationship between 
the results of the analysis and the observations. 

Of the 145 persons, 54 had urine tests, 25 had lilood tests, and 66 had both 
ui’ine and blood tests. 

Pig. 1 shows the correlation lietweeii the CG blood and nrine results. The 
first point that .strikes one’s attention is the peculiar bunching of the results 
ill a rough square bounded by 0.15 to 0.25 per cent in the blood concentrations 
'■"gl by 0.2 to 0.3 per cent in the urine. This peculiarity is only api>aient as i 
becomes noticwl within a few weeks of experience in riiniinig the tests One 
discovers as a consequence, if the Ileise method is used, that he may discar 
»11 but one dilution of the distillate as a matter of routine, and use only the 
tha t covers the 2 to 3 mg. range in the urine and the 1.5 to 2.5 mg. range 

•From the L,ol,oratorv of the Health Department of the Oily of Lincoln. 

Uccelved for publication, July 31, 1939 . 
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ill the blood. He is enabled to do this because the niajoriH of dniiikea ilrivm 
fall ill this ela.ss and an iiukiio-wu .speciineii may usually he e.xpccted lu oontain 
this amount of alcohol. 

A few words of explanation will make the reason for this clear. A person 
with a blood alcohol below 1.2 mg. per e.e. and a urine alcohol below 1.5 mir. 
i.s. as a rule, not intoxicated enough to make the effect on his driving giussly 
noticeable, and as a consequence, does not usually run afoul of the law iinless 
he has an aecklent. Conversely, a person with over 1.5 mg. of alcohol per e,c. 
in his blood and over 2.0 mg. per e.c. in his urine is, as a rule, intoxicated 
enough to interfere with his driving to make it noticeable and invite arrest 



The paucity of results over 3.0 mg. per e.c. in the blood ami o.o mg- 
in the urine is likewise explainable. A person with that much ahe 
body is nearly always too intoxicated to manipulate the controls o 
hence docs not appear to any extent among a large group of 
arrests. This is obvious when it is realized that a of 

per c.e. in the blood of a 150 pound man is equivalent to about - 
whiskey. lYhcn one approaches one pint of whiskey, Iheic aie C' 


individuals who will escape serious intoxication. _ 

Table I show's the correlation of the concentration of alcohol^m 
with the degree of intoxication of 120 consecutive eases. The .i 

by the table, agree well with those reported from other somces> 
majority of the per.sous fall in tlie 0.2 to 0.3 per cent ela.s.s. go.ciilk'' 

per cent were moderately intoxicated. By moderately, ■" c 
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clinical stage of confusion. A representative person in this class is about 40 
years old, of average ■weight, ■who has obtained liis alcohol from whiskey, gin, 
spiked beer, or pop. lie ■was either reported driving on the ■wrong side of the 
street, probably fast and in a manner irregular enough to draw attention; or 
sideswiped another car or collided ■with the rear eiid of one. Sometimes in- 
stead, he collides with the curl) in rounding a eoi'ner, or runs over the curb 
and hits a tree, telephone, or light polo. When tliis same driver is on the high- 
■\vay, he has an accident that usually results in serious injuries or death to 
someone. In the city the accident is usually' a minor one. The reason for the 
more serious results on the highway is, of cour.se, the greater speed on 
the highway. lie is usually arrested duritig the uoek end and usually between 
the hours of midnight and 4 a.m., and, as a rule not far from a beer tavern. 

T.vble I 


Correlation of Concentrations of Alcoiioi. i.n Urim; With Degree of Intoxication of 
120 Subjects 


URINE ALCOHOL 
CONCENTRATION 
PERCENTAGE 

NO, 

CASES 

1 PEOREE OF INFLUENCE BV PERCENTAGES 

NOT 

INFLUENCED 

SLIGHTLY 

INFLUENCE!) 

MODERATELV 

INFLUENCED 

STRONGLY 

INFLUENCED 


1 





0.11-0.20 

18 

1 case 

C7% 

2:‘^c 


0.21-0.30 

60 


n% 

SSf-'r 


0.31 and o\er 

32 

1 c.asc 

0 

f)4^y 

2 cases 

Total 

120 

4 cases 



2 cases 


When brought to the station, he always insists he is not drunk and unwittingly 
cooperates, sometimes comically, in attempting to prove that he is not. His 
stock in trade alibi is that he had had two glasses of beer A\ hen examined, 
his speech is usually moderately thick, his pulse usually rapid, his eyes watery 
&nd fairly often bloodshot, his pupils moderately dilated; his face is nearly 
always flushed and sometimes his hands and forearms as well He may he in 
almost any emotional state, from morose stubborn silence to wild hilarity or 
tears. He walks with a decided, though slight, stagger, and if bUndfoldc<l, 
will always sway to some extent, usually so badly that he will lose his balance 
entirely. He will almo.st always willingly agree to tlie taking of a blood speci- 
men — we have had only two who refused during the two years. His skin 
sensibility is noticeably deadened- — ^\'enipuncture is not felt, judging from the 
kck of the slight flinching which a sober adult usually manifests. The icsult 
of the urine test in this stage will show about 2.3 to 2.6 mg. of alcohol per c.c., 
find tlie blood about 1.8 to 2.0 mg., eorrasponding in a 150-pound man to about 
one-half to two-thirds pint of whiskey. 

■'^11 the symptoms outlined will not necessarily he present in the same pci- 
son at the same time. For example, the pupils may be widely dilated, with no 
flush to the face, or vice versa. In other woids, it is the degree and quality 
of those symptoms that are present that is significant, not the total number of 

symptoms. 

The majority of specimens were run by the Heise method. The Ilm’ger 
htration method was used in about two-thirds of the cases to confirm the Heise 

result. 
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Our study of the 145 persons covers a period of a little over tivo vcaK. 
During this time, constant checking of results against each other and of tlie 
methods themselves against known amounts of absolute aleoliol ivas carried 
out. The two methods gave essentially the same results from the standpoint of 
checks against known amounts of alcohol. 


The results, as shown by both tables, confirm previous results l)y various 
authors, pointing to the same conclusion; viz., that within the range of normal 
physiologic variations in individuals and. the results of chance sampling of all 
classes of drunken drivers, the analysis of all body fluids can be expected to 
reflect about an 85 to 90 per cent true picture of the clinical effects of tlic 
amount of alcohol found. 


There seems to be some evidence® that occasional persons may be found wlio 
do not conform to the correlation between the stages of intoxication and the con- 
centrations of alcohol in the body'- fluids. The majority of this group (consti- 
tuting probably 10 to 15 per cent of all people) seem to possess the ability to 
pull themselves together under the influence of shock of accident, arrest, ex- 
citement at the station, questioning, and examining. "We have repeatedly seen 
this occur. AYe have seen a staggering drunk sober up in fifteen miiuite.s 
during the course of an examination to the extent that he could ivalk stcadib. 
only to fall asleep when left alone and then stagger again when aroused. 
There still seems to he a small percentage, prohahly 2 to 3 per cent, of this 
nonconforming group that cannot he explained on this basis. For examp c. 
an occasional person is encountered with a blood alcohol concentration of 3 mg- 
per e.c. or ov'er, with little symptoms of intoxication. Jetter' reports one uh 
a blood alcohol concentration of even as high as 4 mg. per c.e., who, accor m,- 
to him, showed little symptoms of intoxication. 'We saw one with 3 mg. t ^ 
we were forced to describe as being practically sohei'. 

However, we liave gained an impression, wliich ive admit seemingh 
no very concrete basis, that as far as police work is concerned in 
driving cases these persons are just as guilty of drunken driving as t le pc 
who staggers visibly. It seems somewliat significant tliat this kind o 
seems to be subject to the same type of accidents as the more visibly a 


person. 


of the 


These occasional discrepancies do not invalidate the 
results of the tests in police work. The tests are absolute proof of t le 
of nnburned alcohol present in the person ’s body at the time the 
were obtained, and when we prove that a person had close to a pint o 
or half a pint of unbnrned aleoliol in his body at the time a 

.splitting hairs when we quibble ox’er the way he walks. He is T'-s <- 
menace as the staggering human being xvitli the same amount in ns^ ’(^rivc c. 
ability a person has to walk has little connection witli liis a 1 1 } ^ 

car, and when any' person has between 2 and 3 mg. of nnbiirne n ^ 
ing tbrongli bis brain, be is utterly incapable of controlling a mm ‘ j]iat 
sane manner for, in the last analysis, it is the state of a peison 
determines bis fitness to drive a car. 
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In a future paper \vc shall present the results of some animal experimenta- 
tion, together with some experimentation on human beings, and a discussion 
of the problem of occasional puzzling results in more detail. At present we 
wish to emphasize that persons who apparently do not conform seem to be rare 
and little or no concern need be given them. 

The law is slow to recognize any new scientific procedure. The states of 
Maine, Indiana, and Illinois liavc recently rewritten their laws pertaining to 
(liTinken drivers, incorporating the results of blood and urine tests as legal 
evidence. To the arguments of those conscientious objectors who make use 
of the hackneyed '^constitutional rights of the individual against self-incrimi- 
nation” to triiimphantlj’ prove that the use of the tests forces a person to 
incriminate himself, we simply refer tliom to the excellent discussion of the 
legal angles of this que.stion by Profc.ssor Ladd '' The ridiculousness of this 
assertion is apparent when one realizes that the oneinal and true meaning of 
this constitutional pronsion was to protect the individual from being forcibly 
made to confe.ss^ something of which he may not be guilty. Obviously, threats, 
blow.s, arguments, or physical pain cannot change the concentration of alcohol 
in a person’s blood. The use of this argument of constitutional right then 
beeome.s nothing but a means l)j' which a guilty pcv.son may escape punishment 
and an innocent person sometimes falsely found guilty. 

AVe can say in absolute honesty that never, in the course of our experience 
vifh these tests, has a person been falsely ineriminat<‘d fiom the results of a 
test. Unfortunately, ^ve liavc seen entirely too many found not guilty in spite 
of conclusive proof of guilt. 
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THE RELATION OP LYMPHOCYTES TO THE ACTIVITY OP 
MYCOBACTERIUM TUBERCULOSIS'" 


L. A. Turley, Ph.D., and Thomas P. Dougherty, SLA. 
Oklahoma City, Okla. 


T he role of phagocytes in the battle of the body against disease has been a 
live question in the world of medical sciences for three quarters of a century, 
and any fact that can be brought to light on this question is of practical as veil 
as scientific interest. Since the lymphocyte is present in all tubercular lesions, 
and so greatly preponderates or is the only phagocyte present in established 
tubercular lesions, our attention is necessarily directed toward it. Tiie que.stioii 
as to the relation and mechanism of the relation of the ly'mphoeyte to lubercula! 
infection is a timely and poignant one. 

Rather extensive literature exists on the srrpposed relationship of the 
lymphocyte to tubercular infection, but it consists largely of clinical observations 
and observations in connection with clinical procedures, which, while of 
vahte in establishing the existence of a relationship, do not tell ns ai'j t 
of the nature or mechanism of the relationship. AYhat experimental wor ' ms 
been done has in the main had as its object t])e test of the truth of c uwn 
observation. Some of the experimental work has led its authors to thcoie 
conclusions at variance with known scientific facts and is, therefore, 
question. No experimental work, so far as we are able to find, has sic( SL 
light on the character of tlie lymphocyte-tubercular relationship. 


Ullom and Craig^ first reported the fact that in acute cases 


of tuhcrculosu a 


relative excess of neutrophiles is found. This observation is snppoilcf 
work of Alorris and Tan,^ who found an increase in polymorphonucleai « s 
monocytes in active tuberculosis. Ullom and Craig, however, 
actual increase in lymphocytes seems to correspond to the increase o - 
on the part of the organism to the tuberculous infection; 


quired to confirm this deduction. ’ ’ Wright and King,^ Watkins, 


andSolis-Colies 


and Strieklei'^ have studied the relation of lyirrphocyte counts to t le c im 
of tuberculosis and have concluded that when tire lymphocyte couir j 

prognosis is good, arrd that a decreasing number of Yev- 

decreasing resistance to the infectioir. IVebb and Williams, an gp,] 

man, arrd Gilbert' are in agreement with the alrove eonelusions. ' 

Ellis,® on the ba.sis of the results of experiments in which ^ nA' 
tissue was decreased by x-ray, believe “tire lymphocyte^ plays }i>; 

in the animal ’s resistance to tuberculosis. ’ ’ Hussey also « i 
Ivirrphoeyte plays a part irr the resistance to tuberculosis. 

•From the Department of Patliolosj'. School of Jletlieine. ^ 

These studies ■were financed by a Legislative Research Approp a 
Received for publication, August 3, 1939. 
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Quite extensive cxpei’inuMils liavc been can-ied on in an attempt to show 
(hilt in tnlicrculosis there is an invci*se relationship between the monocyte and 
the lymphocyte ; i.c., the lymphocyte is an indication of resistance to the course 
of the disease, wliercas an increased number of monocytes indicates a loss of 
this resistance. The literature in this regard is extensive, j\Iost of this work has 
heeii done by Sabin and her co-workers, Sabin, and Sabin and Doan.“ IMedlar,^- 
however, feels, “The factor of greatest significance in the leucocytic picture of 
tuberculous cases is the ratio between the jiolymorplionuelears and the lympho- 
cytes. The reason for tliis ratio being of such groat importance is that in tiie 
tuberculous lesions the polymorplionuclear represent one type (unfavorable) 
of pathological activity and the lymphocytes another (favorable).” Further, 
“It is the opinion of the author that the main function of leucocytes is to dispose 
of products harmful to the normal fiinctionhig of luing tissue.” 

The mechanism by which the lymphocyte produces a resistance to tubercle 
bacteria has been investigated to some extent. Watkins* believes that the effee- 
liveiiess of the lymphocyte in tuberculosis is explained by its elaboration of a 
lipolytic ferment wliich dissolves tiie waxy sbeatli enclosing the tubercle bacilli. 
If this is true, it is difficult to see bow it could operate ni a case of tuberculosis 
because the tubercle is a iionvaseular lesion. Therefore, tlie bacilli would not be 
I’eaclied by any antibody, and, since few, if any, plui'/ocytc.s otlicr than lympho- 
cytes are found in tubercles, tliere would be none to dis])ose of the tubercle bacilli 
even if they were stripped of their armor. It could linrdly inteifere with the 
tji’0\Yth of the bacilli because of the readiness witli which tubercle bacilli grou 
lymphatic tissue. Pawlow^^ has reported that lymphocytes will cause a dis- 
integration and clumping of mycobacterium tuberculosis witliin two and one-half 
bours at 58® C. If this is the case, it could not be the important factor in lym- 
phatic resistance because sucli temperatures do not occur in tubercular infec- 
tions. 

The question has been raised as to whether tlie lympliocytosis in tuberculosis 
is tlie manifestation of direct activity on the part of tlio lymphocyte or wliether 
it is merely correlated witli a greater resistance on the jiart of the individual, 
^niithbiirn^* encouraged a lymphocytosis by injections of embryonic chick cx- 
ti'J'ct. He then inocnlated rabbits with a virulent strain of tuliercle bacillus. ^ It 
'vas found that an inverse correlation existed; i.c,, animals possessing a high 
Ivmpliocyte count died sooner than the controls. Commenting on JIurphy’s 
Smithbiirn feels that the lymphatic response as indicated (by Jlurpliy) as 
the cause is in reality tlie effect of resistance to tuberculosis. CorpeF" also has 
^onie to the conclusion that there does not seem to bo a relation between the 
b'mphocyte and the course of tuberculosis. The variance of Smithbum's re.sults 
''’hh almost universal agreement to the contrary might 1)0 explained on the basis 
the intoxication produced by the chick extract. 

SUBiaiARY OF LITERATURF. 

The observations so far made seem to justify the conclusions: (1) that 
'yRiphocyles play an important role in the resistance of the body to the activity 
tubercle bacilli; (2) that the magnitude of the lymphocyte count is an index 
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to the dcgTce of resistance of the body to tiie activity of tubercle bacilli, iind k 
therefore, of prognostical value; (3) that the polyiuonocyte : lyiuplioeyle index 
varies xvith the general destructive action of the tubercle bacilli and is, there- 
fore, high ill the early acute and late stages of the disease. We have no indica- 
tion as to the nature of the resistance factor of the lymphocytes, ivhether this 
factor is opei'atix'e on the bacilli or whether the effect is produced in some other 
way, and if so in xvliat way. The answer to this latter question must solve the 
paradox that while lympJioeytes provide a factor in the resistance against tu- 
berculosis, lymphatic tissue seems the most defenseless tissue in the body to the 
invasion and activity of tubercle bacilli. 

These studies were undertaken to ascertain, if possible, (1) whether a 
lymphocytosis prior to infection by tiibevelc bacilli had any effect on the conrse 
and duration of the subsequent disease; (2) wliether or not lymphocytes had 
any direct effect on tubercle bacilli as to virulenee or in any other way; (3) to 
check the polymorphonuclear-lympliocyte index of Medlar; (4) granted lympho- 
c.ytes play a part in the resistance to the action of tubercle bacilli, could any 
intimation be discovered as to the nature of the resistance factor. 


JIATERIALS AND METHODS 


Three-hundred gram guinea pigs were the experimental animals used, They 
were kept in cages in a well-ventilated room of constant temperature and fed thf 
same food; every precaution was taken to prevent intercurrent infection. The 
animals were divided into three groups : the first group was used as coiiho •>, 
the second group was untreated; the third group was injected intra-abdomina y 
on three successive days xvith 5 c.c. of a .sterile suspension of nleuronat to pio 
a lymphocytosis prior to the injection of the bacteria. 

Cultures of Jamaica 22 strain of tubercle bacteria were used as 1 le 
organism because it is a strain of Imown high virulence. Two sets o 
organisms were prepared. One set was untreated and used for inoculation 
the control animals, and those in which a lymphocytosis had been produeci . 
other set was mixed with suspensions of lymphocytes and incubated 
varying from two and one-half to seventy-two hours at 37.5° C. 
eytes for this purpose were secured by injecting massive doses (la to - 
aleuronat) intra-abdominally into rabbits. A xveek later the 
injected intra-abdominally with sterile salt solution and Idlled immedw e 
peritoneal fluid was then aspirated by means of a sterile syringe an 
homeopathic vials. It xvas found that a high concentration of ce s 
obtained, most of which were of tlie lymphocyte type. as 

the lymphocyte suspension and ineuliated for varying peno s o 
indicated. a 

Suspensions of untreated bacteria in sterile .saline nO’C 
3 c.c. dose contained from 14,000 to 20,000 organisms. Tiiree c« 
of this suspension xvere injected intra-abdominally into each o (,f 

animals, and each of the treated animals five days after the <is jj,.-. 

aleuronat. After incubation as indicated, 3 c.c. of the lymphoey c )■ 
pension, containing approximately the same number of 
the doses of untreated bacteria, xvere injected into animals m le 
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The survival time of eacli animal was taken as the criterion of the resistance of 
the animal to tiio tubercle bacilli. Autopsies were performed on each animal at 
death, and the presence of tubercular lesions verified liy microseo]uc study of 
the organs. 

Total and differential counts of 300 cells in each case were made on one 
animal in the control and aleuronat groups cverj' five days, seven animals were 
studied almost daily. In addition morphologic and growth studios were made 
of the bacteria which had been subjected to the lymphocytes in snsi>ension. 



Control -tlouro- Ltjmpho- Lijinpho- 
nat evtes oyteS 
Zi MBS. 72 HRS. 


DISCUSSION 

The bacteria which had been placed in the suspension of leucocytes showed 
no obvious elumpiug or splitting-np o£ tiic bacilli. UiT preparations weie ma o 
and stained l)y the Zielil-Neelsen technique. No obvious chanties in morphology 
"ere noted. Treated bacteria were seeded on egg-agar slants and resumed tlieir 
inevious growth. No evidence was seen that tlie lymphocytes had any effect 
“11 the morphology or viability of llic tubercle bacteria, and no observations wore 
iHiide which would tend to uiihold the findings of Pawlow. 

The average survival time of the animals in each group is shown in Graph 1. 
The average survival time of the six control animals was 35.6 days. The longest 
survival time was 41 days and the shortest was 27 days. The average survival 
time of the 6 pigs given aleuronat previous to infection was 51.6 da>s, tic 
fange being between 54 and 49 days. The average survival time of 12 pigs S"cn 
"le hacteria-lymphoeyle suspension which had Iteen incubated two and one-halt 
I'oins, was 46.8 days. The longest survival time in the group was 6o days anc 
*he siiorte.st was 27 days. Two animals given the hapteria-lymphocyte siis- 
Pnision which had been incuhated for seventy-two hours, died in the remarkably 
time of nine days. Both were found to have died of tuberculosis mfee- 
lion. The viscera were almost completely covered with tubercles. 

It is to lie noted that while all of the animals died within the average range 
of longevity of guinea pigs injected with virulent tubercle bacilli, there was a 
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rehUivcly longer survival time in the groups in u-liicii the tubercle liacilli kd 
been exposed to living Iymp!ioc.vles. Tlve remarkably short survival time of t!ic 
animals injected willi llic bacieria-lympliocyte sus])ension incubated for scvcnly- 
tivo hours was probably due to the effect of the toxins of the dead lymphocrtis 
in addition to those of the bacteria. 

The study of tlie blood pictures in animals in these experiments is interest- 
ing. The total white blood cell counts in the control animals showed an immedi- 
ate rise which reached its peak on the fifth day and then began to drop stcadih 
until the twenty-fifth day, be 3 ’’ond which no counts rvere made. The total comit 
at the outset of tlie experiment ivas highest in the aleuronat animals, i)eii!g 
16,050, and the actual nnmher of l.rmphocytes was 9,450. It is seen, lioivevcr, 
that an immediate fall took place until the twentietli day, wlien a slight increase 
was again noted. A short rise was noted in the lymph oeyte-baclcvia siispen.sioii 
gwnp at the end of the fifth daj^ witli an immediate drop and then an increase 
in total number. 

The lymphocjde count and the neutropbile count were ealcuiated in ahsohitc 
number and plotted to show the relationship of the actual number of lympiio- 
eytes to the actual number of neutrophiles. It may he seen that throngiioiif ffc 
period of twenty-five days the lymphocytes in all eases remain liigher in nunihci 
than the neutrophiles. The highest number of lymphocytes in all three seis of 
animals was found on the tenth day, the highest actual number being found i« 
the control animals, but ivith a more immediate and e.xtensive drop in d'C J’l"" 
her of cells. It is also observed that the pol.vmorphonuelear cells lend <o deeieo-'i- 
in number during the lymphocyte rise and then begin to maintain a more o! 
constant level with a slight rise in number. There seems to be an a u'Os^ 
reciprocal relationship between the tymphocytes and neutrophiles. 
and 3 show the relationship between the actual number of ||| j 

neutropliiJes in one of the control pigs and one of the aleuronat pigs. 
shows this relationship in one of the lymphocyte pigs. TJiese arc tiie on } 
studies nitide on the control and aleuronat sets, whereas seven studies neie i^ 
in the l.vmphoe,yte group; all tend to show the same general 
Grajili 2. The fundamental nature of the reciprocal relations up 
mi'cloid and Ij’mplioid tissues has been discussed by Wiseman. 

A mathematical expression of this relationship may be obtained Ip 
the actual number of neutrophiles by the actual number of 
found that tlie index for the normal pig is 0.S3 (based on values jfd- 

berger and Carl in Kolmer, Boerner, and Garber’s Approved ie ti''' 

Thus it may be seen that as the number of neutropln es 
index tends upward; wdien the tendency is dowiuvard, it is due to 
her of lymplioeydes, and the greater tlie resistance of the ainma vi 

pected to be. . , . .e nenfroiiie'f' 

The control animal (Graph 2) had a rather high nmnicv jjic fifteen**' 
at the outset. The index in tliis ease immediately fell to 0.41, 
day fell to 0.29, after w'hieh it began to rise and on the inenty 
0.60. The animal died on the thirty-seventh day of infection. 
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The lymiihocytc count increased in the alcuronat animal to sucli an extent 
Ikt the index at the outset was 0.62, falling to 0,05 on the fifteenth dav and then 
riMiig to 0.6( on tlie twenty-fifth day. This animal lived forty-nine days. 

Tiie lympiiocyte sns]iension animals wore studied in more detail. In each 
of the .seven the index was quite low, ranging between 0.015 and 0.70 at the 
outset. It may he further seen that there was less flnctiiation in the number of 
cells at any particular time until shortly before the time of death. These 
ammals, with the e.xcciition of the one shown in Oraph 4, were studied until the 
time of dcatli. In each case there was a gradual rise in the number of neiitro- 
pliilc.s to the time of death, the lowest index heing It 02 and the highest being 2. 
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It may Jjc further observed tliat the period of the second "wcok would seem 
that fT these studies, tiie point of greatest resistance. It is observed 

] 0 Jowing an initial rise there is a direct dou-nward trend on the part of the 

P ocytes, with an upward trend on the part of the poI.^^norphonuclear cells, 
■i hough an increase in monocytes is observed, it does not seem to he as 
ons ant as tlie neutrophilic relationship. Thei’c is fnrtiier difficulty in the 
monocytes since a "monocytoid” form of lymphocyte appears 
^ piesent in the blood of tlie guinea pig during tuberculous infection. 

I is to be further noted tliat. altliougli Spink’^ finds Kurloff Korper in 
ocjtes during tuberculous infection of the guinea pig, wc did not. IMost of 
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the Ktirloff Korper (if not all) in this study were found to be in the lymphocvies. 
A direct relationship between eosinophiles and Knrloff Korper was not noted. 

CONCLUSIONS 

A careful study of llie results of tliese studies seems to warrant the foHoivhii' 
conclusions ; 

1. Lj'inphoeytes play an important part in the resistance of the body to tk 
action of tubercle bacilli. 

2. This role i.s due to the activity of the active living lymphoevfe. It is 
not due to any extracellular agglutinin, enzyme, or lysin which acts on tk 
bacilli, but must be due to the lymphocytes disposing of the bacterial toxins, tlms 
I’obbing the bacteria of their initial as.sault ammunition. This conclusion is 
further strengthened by the observation of all pathologists that tubercle badlli 
seem to grow more readily in Iym])hatic rather than any other tissue. In this 
case the lymphocytes, not attacking the bacteria but di.sposing of their metabolic 
products inimical to themselves, allow a move profuse growth. 

3. There is a definite lymjihocylo.sis, the magnilnde of which varies with the 
progress of the tubercular disease. 

4. The ueulrophile-lymplioeyfo indo.x is liiglicst at tlic onset of tl)C disease 
and again at the approaching death of the animal. 
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THE WELOH-LIKE BACILLUS IN HUMAN LIVERS 


Edward C. IMason, ]\LD., Ph.D., and Maynard S. Hart, B.A., ^I.D. 
Oklahoma City, Okl\. 


TF A SMALL piece of liver is sectioned aseplically and dropped into the al)- 
* (lominal cavity of a dog' or rabbit, death occurs in fifteen to eighteen 
hours.^'*’ The first recorded observations on this subject were made by Mason 
and DavidsoiP in 1925, and their autopsy rccor<ls at that time include the fol- 
lowing: “Probably the most marked changes occur in the free liver tissue. It 
appears to liave undergone a complete transfoiniatuin, there being present no 
gross characteristics of liver tissue. The color is that of light chocolate while the 
feel is that of lung tissue, being spongy and gas containing. “ 

It will be observed that they recorded the presence <>f gas in the aulolyzed 
liver but assumed tliat such gas was due to the presence of the colon bacillus. 
However, the gas in the sectioned liver was latei shi>v\n to he due to the action 
of ■\Velch-likc bacilli.^- iMason and Nau"’ fouiul that the Welcli-like or- 

ganism was present in the central portion of tlie raljbit ’s liver and showed that 
the peripheral portion of the ralibit’s liver could be cultured without the pres- 
ence of the organism. Emulsions of tlie autolyzing liver containing the organism 
were injected intravenously into rabbits without any ill effects If the rabbit 
was killed a few minutes after the injection and suiisecjuently placed in an 
incubator, the organism destroyed all soft tissue. 

EXPERIMENTAL 

Iii our present study we have cultured tissue taken from five human livers 
and in all we have found a AVelch-Iikc bacillus. Anaerobic cultures have been 
made, using pyrogallic acid with 5 per cent sodium hydroxide, but the abundance 
of gas generated invariably blew out the stoppers; lienee we have resorted to 
covering the tissue with at least 1 inch of paraffin oil instead of using pyrogallic 
acid. AVe have collected and measured the gas generated and found that within 
twenty-four hours it is approximately seven to ten times the volume of ILer 
cultured. Tissue taken from three different livers gave the following : 


==== 

LIVER 

CAS 

RATIO 


. 

Gm. 

c.e. 




6,25 

52 

7.2 

10.5 




4.6 

5.8 

33 

61 



Fig. 1 is a pliotomicrograph of an impression smear of human liver which 
^‘ad been incubated anaerobically for only sLx hours. It will be observed that 
^cd blood cells are iireseiit in the smear, and it will be noted tliat the organisms 
p'owing in the human liver sliow an almost pure culture of tlie organism. There 
J^^^iderable variation in the size of the organism, and such variations are com- 

horn. Department of PhysioIog>' and the Hospital Laboratories. University of Okla- 
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moiily seeii iii B. welcMi. Normally B. wclchii vary in size from 0,8 to 1.2 
micron in diameter, and from 2 to G microns in length. It normally occurs singly 
or in pairs both in culture and in the tissues. Sliort and nearly coccoid elements 
are not infrequently seen. Tlie organism shown in Fig. 1 proved to he gram- 
positive as is also the "Weleli haeillus. 

Fig. 2 is a pJiotomicrograph of an iniprcs.sion smear of human liver which 
Jiad been incubated anaerobically for twenty-two hours. Again it will be 
oI)servcd that the culture is practically free of all other organisms. The average 
size of the organism is larger than that shown in the six-hour culture and the 
spore formation is quite pronounced. Apparentlj" spore formation occurs wlien 
the carbohydrate becomes depleted. The maximum activity, measured in terms 
of gas formation, occurs in approximately fifteen lioiirs and is practically 
completed at the end of eighteen hours. This again is limited by the amount 
of carbohydrate present. 

AVc have grown the organism in milk cultures prepared by boiling the milk 
and cooling it rapidly to expel the oxygen. The milk is then inoculated with 
the organism obtained from liver culture, covered «ith an inch of paraffin oil, 
and heated at S0“ C. for twenty minutes to kill all vegetative forms. The or- 
ganism produces a very marked fermentation of milk. 

Three cubic centimeters of the whey obtained from a milk culture uere 
injected intravenously into a rabbit. The rabbit showed marked symptoms 
H'ithiu thirty seconds and died within three minutes. It was then incubated foi 
fourteen hours and had all the usual characteristics of a rabbit injected with 
5. U'clchii. This is known as the AVelch-Nuttal ralibit te.st 


SUJIMARY AND CONCLUSIONS 

We have called this organism the Wclch-likc bacillus because it has the fol 
lowing characteristics in common with B. ivelchn: (I) It grows under stiiet 
anaerobic conditions, (2) is gas-forming, liberating seven to ten volumes of gas 
b’om liver tissue, (3) is gram-positive, (4) produces ‘‘stormy fermentation of 
’ntlk," and (5) gives the Weleh-Niitlal rabbit test. Tim bacteriologist, Kendall 
considers these last two tests “presumptive tests for B. wclcliii. ^ T]ic;> are no 
conclusive but strongly suggestive of the ])rcscnee of the organism m tlie rnatcria 

Under investigation. ” , ■ i ■ 

ff the response in the human being is similar to that in other amraa ® 
conceivable that injuric-s to the imman liver, ■vvhieh cau.se impairment of circu a- 
f'ou, may afford a culture medium for Wclch-likc organisms and thus cause 
death. 
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THE EFFECT OP REDUCED EVAPORATION ON THE VITAMIN 
CONTENT OF FRESH VECETABLES IN REFRIGERATED STORAGJP 


Robert S. Harri.s, Ph.D., Harry B. Wishmann, M.B.A., and 
David Grekklik, S.B., Camdhidce, Mabs. 


' j HI ERE is ampic evidence in the scientific litcvaUire that low tempenituvos 

help maintain the vitamin content of fresh vegclabies, but wo Iiave found 
no report on the effect of reduced evaporation. In tliis jiaper evidence will 
be presented on the effect of storage under increased lumiidity and deeveasod 
air inoveincnl, both of iviiieh reduce evaporat ion, on tlie vitamin content of foods. 

EQUIJ’JIENT 

Two types of domestic electric refrigerators were used in this study. Be- 
fi’igei’ators A were of conventional construction, cooled by a coil siUTonnding 
the ice-cube compartment at tiic top of the cabinet, /is the surface of this 
coil was small with respect to the cabinet, area, it was necessary to inaiuta'!’ 
a larger temperature differential between the coil and the refrigerator cow- 
partment and to keej) the coil sufficiently' cold to got sati-sfactory and rapid 
convection cooling. This caused moisture 1o condense on the coil, drying the 
atmosphere of the cabinet, so that oi’dinarily the relative humidity of the cow 
partment was below 65 per cent. 

The compartment of refrigerators H was identical in size to those in 
frigerators A but was divided I'ougJily in tJie middle with a liorizontal rnhhcr 
sealed glass shelf. The upper section was refrigerated with a coil of the sawr 
size as in refrigeratons A. In the walls and floor of the lower compartment a 
long continuous refrigeration coil was imbedded. Because of the large surfocc 
of this coil it was necessary to maintain only a slight temperature diftm®** 
between the coil and the eompai’tment, reducing the condensation so that or^ 
dinariljv the relative humidity of the lower compartment was 93 per 
more. 

‘From the Massachusetts Institute of Technologj', Cambridge, and Arihitr D. D 
Inc., Cambridge. _ U,! 

m 1 Prgented as part of a symposium on vitamins at tlie meeting of tiie Aaierica 
Society, Boston, Mass., September 11-15, 19S9, 

Contribution No. les from the Biological Hesearcli Laboratories, Massaclms«t- 
of Technolog}'. 
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In all experiments the temperature at the center of each refrigerator at 
a distance of 25 cm. from tlic tioor was lield at about 41° F. Tliis position was 
15 cm. below the glass sliclf in the H i*efrigcralors and 60 cm. below the ceilings 
of all the refrigerators. In all experimouts comparisons were made between 
food substances placed in the humid lower compartment of refrigerators II 
and in corresponding positions in refrigeratoi’s A. Temperature, location, and 
time were substantially the same in all instances except as noted below; essen- 
tially only humidity and convection (air movement) were different. Differences 
in results could, therefore, be ascribed to these two factors. 

The rate of evaporation of moisture from foods stoi-cd in the A refrigerators 
averaged some four limes tliat of foods stored in tiie II refrigerators. JIuch 
less moisture was lost by foods placed in covered metal containers on the floor 
of refrigerators A than when placed on ojien shelves, because convection was 
lowered and the humidity of the air hi these containers rose to about 93 per 
cent. Foods in similar vegetable containers and in like positions in refrigera- 
tors H lost least moisture because convection was further reduced and the rela- 
tive humidity was raised above 98 per cent Evaj)oration from foods stored 
in the vegetable containers in A refrigerators was substantially two and one- 
half times more rapid than in containers in corresponding positions in II re- 
frigerators, This was due in part to a difference of 8 - F. in tlie temperature 
of the interior of tiie containers, as in refrigerators A cooling was dependent 
upon convection from the coils at the top of the refrigorafor 

MATEHrAI..S AND PROCEDimK 

Green vegetables w'crc selected because they are especially active bio- 
logicall}', are sensitive to changes in Immidity and air movement, are particu- 
larly good sources of the unstable vitamins, and arc commonly stored in domes- 
tic refrigerators. Chemical, photometric, and biological tests wore made to de- 
termine the rate of loss of the unstable vitamins A, Bi (thiamin), and C (ascoi- 
hic acid) in these vegetables. Because of the extreme sensitivity of ascorbic 
Qcid, and because of the convenience and reliability of the chemical titration 
procedure by wliich ascorbic acid is determined, data from measurements of 
this vitamin predominate. For tlie cliemical and photometric tests, vegetables 
of the best available quality were secured from local retail markets. For the 
biological tests on vitamins A and B„ green lettuce, and for the biological 
tests on vitamin C, par.sley, w'cre secured daily, freshly picked from the same 
greenhouse. All tests were made in the late summer and fall of 1938. 

Each lot of samples was placed in a small dish in the refrigerators. The 
^Jshos were Aveighed to 0.01 Gm. before and after loading AVith samples, and 
again upon removal from storage. Chemical determinations of the vitamin con- 
tent were then made, and the results compared Avith data similarly obtained on 
samples tested before storage. Results arc expressed in relation to tlie origina 
ncight of the samples, Avhieh Avere refrigerated for three, four, fiA'c, and scAen 
days. Vegetables stored for more than seven days in the A refrigerators were 
ftcnoraliy unpalatable. 
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ASCORBIC ACID, CHEMICAL ASSAY 

The amount of ascorbic acid in lettuce was determined by Tillmans’ pro- 
cedure,' as modified by aiaek and Tressler j In testing vegetables other than 
lettuce, however, this procedure was departed from to the extent that the 
pulverized and preci]ntated cell fragment material was not separated from the 
extract before titration because it did not interfere with the determinations and 
it allowed a more rapid determination. Except in one instance, ten or more lots 
of samples were tested for each jiosition or storage interval, and the loss in 
ascorbic acid was determined separately for each. Prom these data the mean 
averages and variations were calculated. The data from o37 determinations are 
given in Table 1. 

Table I 

Effect of Hu.miditv ax'i> Aiis Move.mext ox Ascormre Acin Loss 
(Average percentage losses and mean deviation based on original n-eight.) 


POSITIOX 

REFRIGERATORS 

A 

REFRIGERATORS 

31 

refrigerators \l 

ft-EG. COXTAIKEF.) 

AVERAQF. HUMIDITY 

05 per cent 

93 per cent 

98 per cent 

vegetable 

! DAYS 

.STORED 

PEKCEXTAGE LOSS I.N' ASCORBIC ACID 

Lettuce 

1 

3 

7 

Avg. 

20.5 ± 13.3 

55.1 ± 4.1 

48.0 ± 19.4 j 

43.2 ± 12.5 1 

14.3 ± 10.0 

36.7 ± 10.2 

3S.S ± 1.0.4 

29.9 ± 15.4 

20.4 + l(i.3 

29.4 + 16.3 

33.7 i 13.3 

23.5 ± 15.3 

Spinach 

4.5 

7 

A-.g. 

77.4 ± 0.8 ! 

52.4 ± 2.6 

70.9 i 4.7 

07.0 i 13.0 

5S.6 ± 10.0 

63.1 ± 11.8 

62.4 ± 15.0 
66.4+ 7.1 

64.4 + 31.0 _ 


4 

7 

Avg. 

17.4 + 0.2 

31.8 + 5.0 

24.0 ± 5.5 

S.O ± 8.9 ! 

21.0 ± 7.9 i 

14.5 ± 8.4 

3.5 ± 10.1 

13.4 + 7.1 

9.6 ± 8.5 

Snap beans 

3 

Avg. 

aO.S + 12.8 

50.0 ± 0.4 

40.0 + 9.0 

24.4 ± 12.S 

32.1 ± 6.4 

28.2 ± 9.6 

28.2 ± 

35.9 i 12.8 

32.0 ± 12.8 _ 

Shelled 

lima 

beans 

4 

7 

7f 

Avfr, 

35.0 + 10.0 

54.8 ± 4.7 

39.4 ± 5.5 

43.1 ± 0.9 

31.5 + 9.8 

29.2 ± 7.9 
i lb!2 ± 8.7 

23.0 ± 8.0 

19.3 ± 8.0 

! 28.0 ± 8.7 

' 4.7 + 7.1 

17.3 ±J£__- 
ilTTi; 

6.8 ± 4.8 

5.4 +_8;0__^ 

29.1 ± 8,3 

26.0 

Shelled 
peas ^ 

m 

12.9 ± 4.8 

30.7 ± 6.9 

31.9 ± 5.8 

4.5 ± 3.4 

0,2c± 1.8 

1.0 ± 2.2 

A%'crage 

4 

7 

Avg. 

38.1 ± 7.6 

49.3 + 7 0 

43.6 ± 7.0 

2S.8 ± 9.8 

28.4 ± 9.0 

28.0 + 9.4 

•This series was run earlier in the season than other series of the same \esre 


•’Only three runs ; averase weighted accordingly. 

"’Gain. 

Although there were variations in tlie data on the same ^ gfid 

different vegetables, tliere was a consistently greater destruction of asco^ 
in the vegetables stored in the A refrigei'atoi’s than in vegetables s^o 
same position in the H refrigerators or in vegetables stored m j^arked 
container on the floor of the H refrigerators. Concurrent conta’''*^’^ 

reduction in evaporation from the vegetables stored in tlie i egeta 
in the H refrigerators, there was a tendency for the destruction o as 
to be less rapid during tlie fir.st four days and more rapid dm mg 
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llian wiicn these vegetal)les were stored outside the container but in tlie 
same refrigerators. At tlie end of .seven days, however, the deslniction was sul)- 
stantially tlie same. 

The (lata in Table I arc presented in condensed form in Table II and Fig. 1. 
In Table II the data are treated by the use of indc.x mimbei-s to make the com- 
parison clearer. The inde.x numbers indicate that the destruction of ascorbic 
acid averaged over C4 jier cent more rapid in refrigerators A than in the more 
liiimid refrigerators 11. The least dilTercnee A\as shown by spinach, which lost 
ascorbic acid 27 per cent more rapidly in refrigerators A. Supplementary 
experiments indicated tliat destruction of aseorbic aeid in closed vegetable con- 
tainers on the floor of rcfrigeratoi’s A also proceeded at a rate substantially more 
rapid than in refrigerators IF, either in the open or m similar containers. 

T.\bi.k II 


•Sriixf.xr.Y or Avkf:.\oe A.scoriuc Ann Lossr?. ix la.i f v Vi (.i r\Ri ks L'N'on: Diffep.e.xt 
Stokace C0KmTI«»NS 


rOSlTIOK 

I'ERCEKTACF. I.O.SS I 

1 IN'I*EX NIMBERS 

RErmcER- 
ATORS A 

REFRIGER- 
ATORS H 

REFRIGER- 
ATORS ir 
(VEG. « OV- 
TAI.VERS) 

l.f IRTGFR- 
AToK', \ 

reiricer* 

ATOR.S II 

REFRIGER- 
ATORS ir 
(VEG. COX* 
TAINERS) 

AVERAGE 

HUSIIWTY 

Cj% 

93% 

9A% 

6o% 

93% 


wttuce 

43.‘J 


23.5 

144 

100 

lO.O 

BpiDach 

79.9 

63.1 

64.4 I 

127 

1 ino 

108 

Parsley 

24.G 

14.5 

9.0 

170 

1 100 

00 

Snap beans 

40.4 1 

28.2 

32.0 

14.'*. 

t mo 

113.5 

Bheiled llmas i 

43.1 1 

23.0 

17.3 , 

183 

1 100 

73.5 

Shelled peas 

31.9 

1.0 

5.4 

3,190 

1 IMO 

540 

•‘'verages 

43.8j I 

20.7 

25.4 1 




Index Xo. 

1(54.3 

100.0 

95.1 




Index No. 

172,0 

10-1.9 

100.0 





This e.xtensivc scries of determinations indicates the liitherto unemphasized 
*rnpoi'lanee of the effect of evaporation on the .ascorbic acid content of fiesh 
green vegetable.s and demonstrates the importance of maintaining sucli foods 
in an atmosphere of liigh humidity and low air movement, as well as at a low 
temperature, to preserve their ascorbic acid content. 

ASCORBIC ACID, BIO-ASSAY 

The more extensive destruction of ascorbic acid in green vegetables .stoied 
>n refrigerators A than in refrigerators II was confirmed by Ino-assay’’ on two 
of young scorbutic guinea pigs. 

haeh day during a period of four weeks an equivalent of 0.7 Gm. { res i 
'^'^i^ht) of parsley, which had been stored respectively in refrigerators A and II 
*nr six days, was fed to each animal as a supplement to tlie scurvy-producing 
niet. At the end of tlie test period the animals fed the extensively dehydrated 
P^ii’^iley stored in the A refrigerators had lost 1.9 per cent in weight, while those 
10(1 parsley stored in the H refrigcratoi-s had gained 4.8 per cent m weight.^ The 
f'-’^periments from which these results were derived, however, were not sufficiently 
•^xtensive to be more than corroborative of the chemical findings. 
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VITAMIN A, PHOTOMETRIC 

Tlie amount of carotene (provitamin A) destruction was estimated, using a 
recording- spectrophotometer^ whicli plotted the reflectance curves of vegetables 
before and aftei- storage in the A and H refrigerators and in tlie vegetable con- 
tainers in tlie II refrigerators. TJie.se spectra were compared witli tliose of alpha 
and beta carotene and oxidized carotene. 

The results indicated that tliere was more destruction of the carotene in 
lettuce and carrots .stored in the A refrigerators than in the more Immid II 
refrigerators. No difference in carotene desti-uetion was noted with respect 
to spinach, tomatoes, and Swiss cliard. 

Interpretation of results was made difficult because the spectra for the 
carotenes and the cldorophylls overlap in the regions of greatest absoi-ption. 
An instrument which would read in the region of the ultraviolet maximum for 
carotene is needed. 


100 

90 

80 

TO 

60 

50 

40 

50 

20 

10 

0 


■ EEFEIGERATOeS A, 657. HUMIDITY i 
a Refrioeeatoes H, 957.MUMIDITY ■ 
la Befeioeeators M, Vegetable 

Containers, 967. Humidity . 



LETTUCE SPINACH PARSLEY SNAP SHELLED SHELLED AVERAGE 

BEANS LIMAS PEAS 


fluenceil 


Figr. 1. — Average destruction of ascorbic acid in refriserated green vegetablts 

by evaporation. 

VITAMIN A AND Bj BIO-ASSAYS 

Biological tests were performed to determine qualitatively v j| 

A and like ascorbic acid show a tendency to be destroyed moie ^ 

lower humidities. One group of rats made deficient in vitamin i g^Qi-odfor 
daily supplement of 60 mg. of lettuce (fresh -weight) that hac 
four daj's in the A refrigerators. A similar grou]) was lect ti 
lettuce that had been stored for four days in the H refrigciatois. , 

One group of rats made deficient in vitamin B/ was fed g 

of lettuce that had been stored for four days in the A sanieP®”!)^ 

similar second group was fed daily 1.00 Gm. of lettuce stored or le 
of time in the H refrigerators. The lettuce was comminute an 
diet. 
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In botli instances the animals fed the lelliiee stored in tlie H refrigerators 
showed bettor weight increases, indicating tliat the vitamin A and vitamin Bj 
of lettuce is bettor preserved wlicn vogcla!)k‘s arc so maintained in refrigerated 
storage tliat evaporation is minimized. 


SUJI5IARY AND DISCUSblON 

An extended series of determinations indicated tiiat the maintenance of 
vitamin C (ascorbic acid) in fresh green vegetables is considerably improved 
by storage at a high humidity and low air raov(‘ment. During storage in 
domestic refrigerators the destruction of this vitamin proceeded at a rate aver- 
aging some G4 per cent greater for six green veeolables stored at an average 
humidity slightly below G5 per cent and with ctmsidorablc air movement than 
when stored at the same average temperatun (41^ P ) but at an average 
humidity of about 93 per cent and with low air nmeinent Biological and photo- 
metric measurements indicated that vitamin A and vitamin Bj (thiamin) as well 
as vitamin C (ascorbic acid) were better prc^vivod when vegetables were stored 
in more liumid atmosplieres. 

Supplementary studios showed that tlie stoiage oi’ fresh vegetables at high 
humidity and low air movement marhedly rotarth'd wilting and consequent 
wilting plnsmolysis. It is eustomaiy for willing }d<isinolysis to necelcratc the 
oxidation of the cell constituents and impair the natural resistance of the plant 
to microbial invasion. This may explain why vegelahios maintained in a humid 
and quiet atmosphere show better maintenance of viiainins and overall froslmess. 
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FURTHER STUD\ OP THE Vi ANTIBODY CONTENT OP THE SEIi 
OP TYPHOID PATIENTS AND CARRIERS 


Lois Almox axd W. D. Stovall, Madisox, ^Yls, 


' I 'HE development of Vi antibody to a titratable degree in the sera of typhoii 
patients has been shown to be sjioi'adic and unpredictable (Almon am 
btovalld Almon, Read, and Stovall;- Felix, Kidkorian, and ReitleP). Its oc 
currenee in the sera of chronic carriers, on the other hand, seems to be a mud 
more common oceurrenee. Felix” reports that the proportion of carriers ii 
whose sera the antibody may be demonstrated is high enough to make it feasibt 
to use this characteristic in the location of carrier suspects. Bhatnagar, Speedily 
and Singh,^ and Pijper and Crocker® report that all carriers who are slicddiiij! 
organisms may be shown to have the Vi antibody. Although the results re- 
ported in this paper do not differ materially from those of other workers, tk 
additional number of sera studied may add to the statistical value of the figures. 

^Ye have tried to choose a method both sensitive and accurate. The earlier 
work on the titration of the Vi antibody w'as done by absorbing the sera of 
their 0 and H antibody content and testing for the remaining Vi with a culture 
knomi to be highly agglutinable by this antibody. Here recently', three direct 
methods, somewhat similar in principle, have been proposed for demonstrating 
this antibody. One of them, that of Detrc,® consists essentially of the selection, 
iry alternating agglutination and plating procedures, of a culture of Phcrf/idf'i 
t'jplwsa completely inagglntinable in typhoid 0 antiserum; and of the reraoial 
of the flagella from a suspension of this culture by repeated washings in saline. 
Tlie resulting suspension is not agglutinated by 0 or H antibodies, but fu .' 
retains its seirsitivity to the action of the Vi antibody. Bhatnagar, Speechlj, on 
Single found -what they described as a Vi variant, i.e., a cidture whicii pos 
sesses no H antigen and shows little 0 and remains stable in this coiidition- 
They used it for the direct titration of the Vi antibody and found ficQU® 
control and rejuvenation procedures unnece.ssary. Their method, * 

like that of Detre except that their culture is stable in the Vi condition. ^ 
third method, described in detail by Felix,' makes use of earefuU.' 
strains of organisms, but dispenses -with removing the flagella, and stan 
their Vi agglutinability witli a “provisional standard serum.” If is this me 
which has been used by FelLx for the titration of carriers’ sera. 

Since the work reported in this paper was begun before the details o e 
method had been published and before the existence of Bhatnagar ’s cu 
been announced, the method of Detre,® slightly modified, was the 
The cultures to be used were selected, as in the original method, ‘ 
from the supernatant liquid of an agglutination tube in which those oio 
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Table I 

A Co.\ipakison' oe the Results of Titratikg Sera fob Vi Axtibody Following Absorption 

AKD BY TIJK METJIOD OF DeTRE 


case no. 


tcrPre cases 

9 

11 

20 

2S 

5G 

Mild to niodemtc caiics 

1 


3 

5 

C 


IS 

20 

30 

40 


Carriers 

17 

22 

23 

31 

37 

$8 

39 

42 


TIME SINCE ONSET 
OF ILLNESS 


44 (lays 
IS days 
49 daj's 
95 days 
G months 
8 months 


’23 

Gays 

'37 

(lavs 

159 

clays 

1 4 

days 

HI 

da vs 

21 

(lavs 

45 

days 

1 s 

davs 

>17 

davs 

t2S 

days 

[42 

days 

50 

daj-s 

GS 

days 

43 

davs 

:t5 

days 

U1 

days 

;27 

days 


days 

G 

days 

(Not known 

iNot known 


'28 years 
35 years 

No history of typhoid 
4 years 
20 years 

No history of typhoid 
17 years 


TITER BY PETRE TITER FOLLOB'- 
METHOD INO ABSORPTION 


0 0 

0 0 

1:40 0 

0 G 

0 0 

0 0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

i) 

0 

0 

1-40 

0 

0 

0 

0 

1:80 

0 


0 

0 

0 

0 

0 

0 

0 

(I 

n 

0 

0 

0 

1:40 

0 

0 

0 

0 

0 

0 


1 : 160 0 

1:160 0 

1:40 0 

1 :4n 0 

0 0 

1:40 0 

1:40 0 

0 0 

1:80 1:60 


sensitive to tlie 0 aiitiliody liad agglutinated and settled out. The organisms 
icnmining in the supernatant liquid were, therefore, clnefl.v o£ the 0 resistant 
'.'■I'C. Prom the plates a numher of colonics were transferred to slants and 
lested for their 0 agglutiuahilit.v. These procedures were repeated until several 
strains completely inagglutinable in potent 0 antiserum were found. The 
tnltures thus selected were seeded on plain agar plates, and after twenty-four 
"oiirs the resulting growth was washed off with saline. The suspensions thus 
iverc centrifuged and the sediment -was resuspended in fresh saline, 
tils being done six times. The final suspensions were tested for thcii O, H, 
aii^d Vi aggUitinability u-ith highly potent antisera maintained for this purpose, 
aose suspensions which were totallv inagglutinable in 1 M and 1 :80 dilutions 
the 0 and H sera and were stionglv agglutinated by the Vi serum were 
for subsequent tests. (This method of te.sting for the complete removal 
T 'iDtigen has heen entirely satisfactory, and seems simi>lcr than the 

"dm ink method included in Detro's original de,scription.) Such suspensions, 
” "ft too higijj. dii„(ed, maintained their Ti character for periods of at least 
"0 nocks in the refrigerator. 
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tabi-e n 

Vi, 0, AND H Antibodies m Patients’ and Carriers’ Sera 


CASE NO. 


TIME SINCE ONSET 
OP lEENESS 


VI TITER 


0 TITER 


H TIKE 


Severe cases 

59 

()1 

(Fatal) (55 
(Fatal) 60 

Alild to moderate cases 


S.l 

54 

5G 

57 

58 
00 
02 

03 

64 

44 

67 

OS 

09 

70 

71 
70 

77 

78 

79 
SO 
81 
82 
83 
26 


Carriers 


i 2S days 
38 days 
9 days 
21 days 
22 days 
16 days 

(24 davs 
128 days 


7 days 
)28 day.s 
5 10 days 
)28 days 
)20 days 
(35 days 
(10 days 
[IS days 
(is days 
[25 days 
J2S days 
[31 days 

14 days 

10 years 
0 years 
29 years 

No history of typhoid 
4 years 

No history of typhoid 
No history of typhoid 
3 years 
28 years 

8 years 
2 years 

32 j'ears 
40 years 
37 years 
2 years 


1:40 

0 

0 

1:80 

1:40 

0 

0 

0 

0 

1:100 

0 

0 

0 

0 

0 

0 

1:40 

1:40 

0 

0 

0 

0 

0 

0 

1:40 

1:80 

1:80 

1:80 

1:40 

1:80 

1:80 

1:320 

1:80 

1:80 

1:80 

0 

1:100 

1:160 


1:5,120 

1:2,5(50 

1:320 

1:80 

1:1,280 

1:040 

1:040 

1:640 

1:100 

1:5,120 

1:100 

1:160 

1:1,280 

1:640 

1:320 

1:320 

1:1,280 

1:640 

1:40 

1:160 

1:640 

1:640 

1:100 

1:160 
1:1,280 
3 :5,120 
1:2,5(50 
1:160 
1:640 
1:640 
1:1,280 
1:640 
1:320 
1:640 
1:040 
1:80 
1:80 
1:80 


1:5,120 

1:160 

0 

0 

1:160 

1:2,560 

1:640 

1:640 

1:80 

1:2,500 

0 

1:160 

1:160 

1:160 

1:320 

1:160 

1:1,280 

1:640 

0 

1:40 

0 

0 

0 

1:S0 

1:40 

1:160 

1:1,280 

1:640 

1:160 

1:160 

1:160 

1:5,120 

1:640 

1:160 

1:640 

1:640 

1:160 

1:320 


The authors are indebted to Dr. E. S. Sanderson, of the UnL’ers'tV 
lecting and sending: the sera and histories of 11 cases reported in sera from carrier . 

of the Michigan Department of Health, for similarly furnishing us vn r 

retitratioii by 


Tlie experiments here reported deal with (a) the ^ (Alnioii) 

method of ivhat remained of the sera reported upon in a pievions P® j.ecentl'‘ 

Bead, and Stovall-) ; (b) the titration of sera from 14 patients ffl j,g(,eiitl.v 

made available; (c) the titration of sera from 15 carrieis a so 
made available. . , ab- 

A comparison of the titers of the Vi antibody, as j. The 

sorption method and by the method of Detre, is presentee in in 

inagglutinahility of tlie Vi suspension in 0 and ® j-SO diluP®”® 

every series of agglutination tests by setting it up m 1 : _ ti,c 

o( rallbit antisera liariiis: high 0 and H titers The ^ „,s conSr""'' 

presence of Vi antibody, as demonstrated by the classic * , ,^, 1 , « 

hr each case by the method ol Detre. This mas t™ f .1 «« 

labhit antisera, not inclnded in the tahle. Not only m«s «■» P 




ALMON-STOVALL : VI ANTIBODY CONTENT Of SEKA OF TYI»HOID PATIENTS S47 


Vi antibody confiiTnecl by the new method in those sera wiiicli had been sliown 
by the old method to contain it, but 6 human sera and 5 of a total of 31 rabbit 
sera tested, which had given negative results by' the absorption metliod, were 
shown by the more direct mctliod to contain the antibody, thus giving evidence 
for the greater sensitivity of tlie direct inctliod. In the light of these results 
the newer method was the only one employed in the subsequent work. 

Tlic results obtained by the titration of the sera recently acquired from 
cases and carriers arc given in Table IT. In order to make this report parallel 
^^ith previous ones, the titers for 0 and II antibodies arc also included. 

From Tables I and II in this paper and from Table II in the paper 
published previously (Almon, Read, and Stovall') tlie essential findings con- 
cerning the Vi antibody' content of human sera are broiiglit together in sum- 
mary form in Table III, TIicsc data siibstanti<itc our previous conclusion that 
the appearance of the Vi antibody is not dein(HKtra)>]y correlated w'ith severity 
of symptoms of typhoid infection nor with any partii'ular stage of active infec- 
tion. The correlation with the existence of the carrier state seems to be more 
definite. It is possible that even a gi'catcr percentage of positive results among 
carriers’ sera might have been obtained if all of these originally studied had 
been available for retitration by the Dctrc method Jn the original study only 
two of eleven carriers wore shown to liavc the antibody in their blood, but 
upon rctitration of those samples (seven in number) wdiieh had not been used 
tip, all but two were shown to contain the Vi antibody. Of tlioae which were 
not available for restudy, one had been shouTi by the absorption metliod to 
contain Vi antibody. This leaves two still in question. But at best our figures 
for the occurrence of the antibody among earners would be somewhat lower 
than those of Felix, of Bhatnagar and his co-worliors,^ and of Pijpcr and 
Crocker.®’ 

Table III 


SuJiMARY OF Present and Previous Work Concer.vinc the Occurrence of tub Vi 
Antibody in Human Sera 



No. OF patients 

investigated 

NO. POSITIVE 

FOR \'I 

PER CENT 
POSITIVE 

severe cases 

iKlfl to moderate cases 
yarners 

14 

26 

26 

6 

9 

20 

43 

34 

77 


It is conceivable that with more refined methods, tissue reactivity to the 
^ I antigen may be detected in still more individuals ■who have been infected 
"itli the organisms, since nearly all of the evidence points to the oeeuiTencc 
“f tliis antigen in most freshly isolated cultures from patients and carriers 
aliho (Felix, Krikorian, and Heitler;* Craigie and Brandon;* 'Welch and 
Jhclde;'" Almon, Read, and StovalF). This detection might be accomplished 
V the use of lower dilutions of the sera if complications due to factors other 
'••an tlie V; .antibody could be ruled out. Felix and his co-workers in aU of 
1^‘air work dealing w’ith this antibody have reported titers a,s low as 1 :5, hut 
have never been able to satisfy ourselves in our own work that results with 
auch low dilutions were reliable.' However, the procedure of measuring cir- 
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dilating antibodies is at best a crude one for the study of immunity. Tlie ixed 
tissue antibodies in this disease remain entirely uninvcstigatecl. 

SUStMARY 

By a direct titration metliod 15 of a total of 40 typhoid patients investigated 
and 20 out of 26 typhoid carriers xvere found to have demonstrable amomits of 
Vi agglutinin in their blood. It is concluded that the correlation betiveen the 
presence of this antibody and the existence of the carrier state is significantly 
high, but no attempt is made at interpretation of this phenomenon. 
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CACHEXIA RESPONDING TO EXTRACT OP THE ANTERIOR LOBE 

OP THE PITUITARY*^ 


Don C. Sutton, M.S., M.D., and John Ashworth, M.D., Chicago, Igl 

S IMJIONDS' described a cachexia due to destructive lesions 
lobe of the pituitary gland. Pie originally described the syn 
of premature aging, atrophy of the genital organs with loss o jgjo 

acteristies, and loss of hair. He beliex'ed the etiology to be t a o 
destruction of the pituitary gland by embolism. Later, howev ei , pa 
described in whom there were destructive lesions of the pitm aij o 

of Si»- 
erifiel 
arlttl 


AW/V/VA AAA V/ — 

to neoplasm or aneurysm, and in mau 3 ' no cause has been 

Lisser and Escamilla- analyzed the sjTnptoms of 134 clinica , yjijeil 

- - -- - — s found in tna J 


monds’ disease, of which 69 were verified. The symptoms ^.g nia 
cases reveal that females predominate over males 2 to 1. loss is 

loss of weight, with an average weight of 91 pounds; in ae , c 

. ^ .. T^jcdical school no 
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siifr^'ostod as a cardinal symptom. A.sthcnm was present in 83 per cent; 
psychic apathy and soiniiolcnco wore i)resei\t in 48 per cent ; anorexia in 33 
per cent; and vomiting in 30 per cent. Diabetes insipidns was descril)cd in 
13 per cent; sensitivity to cold was present in 41 per cent; amenorrhea in 52 
per cent. Libido was lost by 58 per cent ot the males. Premature aging oc- 
curred in 46 per cent and dry shin in 5t> per cent. Loss of axillary and pubic 
hair was observed in 38 per cent. The basal metabolic rate averaged -31, and 
a low body temperature was found in 78 per cent. 

A careful review of the literature fails to reveal case reports that can be 
closely correlated with the following report of a man who has been under 
observation since December 26, 1937, with the possible exception of a case 
report by Osgood.^ 

Osgood observed a female, who, although slit* had a voracious appetite, 
persistently lost weight, and became greatly cmafinted. She had an achlor- 
hydria, low basal metabolic rate, and a persi.stcnt <!iarrlien. She was treated 
for a time with antuitrin-S. Four years laler shn died fiom pulmonary tulicv- 
culosis, but at autopsy the pituitary gland was fmmd to l)e normal. Osgood 
reports this case as an instance of riuestionable pituitary eai-hexia. 


L. W., a G4'year>ol(l white laborer, cntcrod Cook (’<»iint\ llo'^pital December 20, lfiS7 
H|g iniTnediate complaints were diarrhea, loss of weight, mid filcmu of the loot, which had 
come on suddenly three weehs previously. He was irrital*!? and after a shoit stay left 
die hospital, He "was readmitted on January 27, la is, with the sump complaints. He 
stated an operation had been performed in 10153 for a g.istnc ul«'ei (according to Ms his- 
tory, a part of the stomach had been removed and a now opening made). However, 
repeated x-rays of the stomach and direct gastroscopy gave no evidence of a gastro- 
pJilerotomy, Since the time of his operation there had been no lecurreiico of his gastroin- 
testinal symptoms. The edema of the feet had been noticed at various times during the 
past three years; in fact, during that period he had been treated ut a dispensary a?, a 
chronic cardiac patient. The remainder of the history was essentially negative. 


At the time of examination he was pale, emaciated, weak but not acutely ill. His 
temperature was 98.2* F.; pulse rate 48, respiratory rate 0, and blood pressure 120/80. 
He shoived evidence of marked weight loss. An examination of the chest and abdomen re- 
pealed no abnormalities. Reflexes were normal. A slight edema of the ankles was present, 
"hich, however, disappeared with bed rest. 

He became progressively weaker, with a persistent diarrhea of from 5 to 12 stools a day, 
Tliese stools were yellow, watery, and of low specific gravity, but contained no idood. There 
'P-is a complete achlorhydria after an ordinary Ewald test meal. Repeated x-rays of the 
ea^trointestinal tract failed to reveal any abnormality. Direct gastroscopic examination by 
Hr, Schindler revealed a few superficial erosions upon a reddened mucosa. A proctoscopic 
fxammation showed a reddened mucosa. The ba«^al metabolic rate was -34. Blood and 
*P;nal Wassermann tests were negative. There were no abnormal constituents in the urine, 
blood chemistry showed nonproteln nitrogen 25, urea 15.41, uric ajnd 2.u, cholesterol IbO, 
^“?ar total protein 6.83, albumin 4.37, globulin 2.40, and ratio l-n- 

Shortly after entering the hospital a severe glossitis developed. Xeither the glossitis 
6‘e diarrhea was improved by the administration of nicotinic acid or intramu-scular liver 

<*xtTnct. 


During his entire stay in the hospital his appetite was better than ^ ^ 

f'ough he was given a high caloric diet, the weight Ions continued. The basal metabolic 
•■=“6 remained low, averaging from -26 to -34, Prom a normal umght of ISO pounds bis 
gradually decreased to 90 pounds. By this time he had become so weak that be 
hardly able to lift his bonds. 
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Various forms of therapy were tried during the period up to October, 1938. During 
this time he was treated with high caloric and higii vitamin diets, intramuscular injections 
of liver extract, and, at various times, thyroid, insulin, and nicotinic acid. 

During tliis period tliere liad been considerable discussion as to the cause of his 
illness, and it was finally decided that although he did not present a typical picture of a 
Simmonds ’ disease patient, he should be treated for the disease. Accordingly, beginning 
October 19, 1038, he was given daily'- 1 c.c. of extract of the anterior lobe of the pituitary 
gland* intramuscularly^, contained no water-soluble vitamins. By April 8, 1939, he liw! 
gained 70 pounds, his weight being 101 pounds. Shortly' after beginning administration 
of the extract of anterior lobe of pituitary' the patient began to feel better. His diarrhea 
decreased, and after thirty days he began to gain weight and strength. By May, 1939, lie 
weighed 167 pounds and his basal metabolic rate was -10. 



A. 


B. 


Pi^. 1. — A, December, 1938. AVeight about 100 pounds. B, May, 1939. AVe'Sl't ab 

The pituitary' extract was discontinued in May', 1939. The he va' 

until October 15, 1939. After a loss of 9 pounds and a recurrence o ijjjrty dayS) 
given 1 c.c. of the gonadotropic hormone of the pituitary' gland daily 
prompt relief of the diarrhea and return to his previous w'eiglit appear® 


the belief that it 


about the ward, although he has not fully regained his strength. 
be perfectly normal. 

The gonadotropic hormone was not continued because of 
possible to procure an extract free of the other hormones. 

The histoiy of a patient seen in private practice seems 
of the preceding case. 

•The extract of the anterior lobe of the pituitanv ^’®”^’l..„^gon'sh*ouId destroj 
pany was used throughout. The method of preparation of poljanson 
soluble vitamins. 


lie! 


, to he a partial pa® 


- COTJ^’ 

oL-^r^allvater- 
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Mrs. T. E., ^as seen on August 14, 1939. She had recently moved to Evanston from 
Colorado. Her initial complaint was that of weakness, loss of weight, and emaciation. 
She stated that during the past five years she had continuous diarrhea of from three to 
numerous liquid stools daily. Tliis diarrhea had been present at various times for the 
past fifteeu years. Menses were irregular, the quantity greatly decreased and usually 
accorapaaied by pain. 

An examination revealed an emaciated white woman, 44 years of age. Her facies 
ivcre striking; she was wrinkled and looked many year.s older than the age given. She 
had the peculiar wizened expression seen in the hypopitiiitary dwarf and a slight glossitis. 
Her weight was 92 pounds. 

Examination of her blood showed hemoglobin If..*), red blood cells 4,800,000, white 
blood cells 0,050, total nonprotein nitrogen 29.5, gluc'o<5c 91, cholesterol 213, and chlorides 485. 
Basal metabolic rate was -7. Gastric analysis revealed fiee liydrochloric acid 0; total 
acidity 22. X-raj* of the gastrointestinal tract was entirely negative. 

Eepeated examinations of the stools revealed a trace of blood on one occasion. 
Amoebae were not found although they Imd been leported on one previous examination. 

This patient varied from the preceding one in that her appetite was poor. At one 
time she had gained considerable weight while on forced feedings in a sanatorium under 
tlie care of a neurologist. Because of the peculiar tacies, she was given the same extract 
of the anterior lobe of the pituitary as the first p.itieet; ■flight glossitis, which was present, 
immediately improved. By February, 1940, she had gained 13 pounds in weight, her .strength 
"as sufficient to take care of a household, a foui*rooin apartment, anil normal social 
activities. She still has some diarrhea, especially n hen she is under a nervous strain. 
The menstrual periods have become more regular, normal, and painless. 

DISCUSSION 

With the exception of the loss of hair the patient described as L. W. 
answers well the description of Simmonds* di.sease. He lind extreme asthenia, 
'vas apathetic, had lost his libido, and had lost weight persistently. He had 
the low basal metabolic rate described in pitnitary cachexia, and because of 
this a myxedema was considered. He showed no reaction to thyroid therapy. 
He was given insulin in the hopes of increasing a utilization of sugar. WHb a 
diagnosis of an avitaminosis he was given for a long period a high caloric diet 
with %'itamins added in the form of yeast and intramuscular injections of a 
liver extract. Because of the acute glossitis he was given sufficient quantities 
of nicotinic acid to cause amelioration of such symptoms. It is inteiesting to 
note that the glossitis did not disappear until he had been given the extract of 
the anterior lobe of the pituitary gland. 

In the second patient, the sole criteria for diagnosis have been the peculiar 
facial expression, the loss of weight, the extreme asthenia, and the unstable 
nervous system. It is true in her case that anorexia nervosa mast be con- 
sidered. Anorexia nervosa is the most common condition confused with Sim- 
J^onds’ disease. In this instance the diarrhea is a symptom not usually present 
in anorexia nervosa. 

She had received considerable care during the preceding five j ears, v hen 
siie had been treated by one physician for an amoebic dysentery and by others 
for a neurosis. 

Within two weeks after the institution of the intramnscnlar injections of 
extract of the anterior lobe of the pituitary, there were a marked cimnge in 
'''f emotional stability and a definite gain in weight and strength. This im- 
provement lias continued np to the present time, with a total gam of 13 pounds. 
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It is true that she still has spells of diarrhea, Avhieh consist of 3 to 4 stouis, 
usually in the morning. The total quantity of feces expelled by such diarrheal 
attacks is considerably less than a pint. These attacks occur as the result of 
situations that upset her mentally, and are especially likely to occur just hc- 
forc attendance at some social function. 

CONCLUSIONS 

1. Two pc‘i'son.s witli cachexia are reported greatly improved or fully re- 
covci'cd following the administration of extract of the anterior lobe of thr 
pituitary gland. 

2. It i.s believed that these two patients represent atypical instances o! 
yimmonds’ disease or dysfunction of the anterior lobe of the pituitary. 

3. It is possible that the second patient represents a ca.se of anemia 
nervosa, although the response to the glandular therapy makes it appear 
proper to include her in these ease reports. 

4. The prompt recovery of the glossitis in both patients, and of the red- 
dened rectal mucosa in the first patient, obviously suggests a relationship be- 
tween the function of the anterior lobe of the pituitary gland and the utilka- 
tion of the vitamin B complex. Evidence in support of this suggestion will be 
presented in a forthcoming paper on pellagra. 
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LABORATORY METHODS 


AN APPARATUS FOR CONSTANT INTRAVASCULAR INJECTION 
OF LIQUIDS' 


J. j\[. RoGorr, M.D., Sc.D., PrrrsnuRGii, Pa. 


T he apparatus lierc dcscnl)cd is cliaiaetcrizud by its shnplicity of constructiou 
and its high degree of efficiencj’. It was designed for use in experimental 
investigations in which it is desired to introduce various liquids into tlie blood 
stream (vein or artery) at a constant rate of flow. 

Repeated tests of the apparatu.s, performed by causing it to deli\er water 
into microburettes, have demonstrated that both the rate of flow and the vol- 
ume of water delivered per unit of time remain constant during observations 
conducted over a period of one to one and one-half hours, i e., the period re- 
quired to completely empty the syringes used wlion filled to capacity. 

The essential construction of the device includes a constant speed motor 


which drives a nuggled disk by a hard rublier friction drive wJiecl that is at- 
tached to the revolving shaft of the motor. The di.sk ojicrntc.s a pinion and 
gear reduction to a long screiv which is thus kept in a constant forward motion 
tiud propels the piston of one or more syringes. An adjustment is provided on 
the screw to automatically stop the motor when the pistons have reached the 
end of the barrel of the syringe. 

The only adjustment or replacement that may be required, after long con- 
tinued use of the apparatus, is that due to slight wearing down of the circum- 
ference of the rubber friction drive wheel. Wiicn necessary the wheel can be 
replaced with a new one in a few minutes. It is advisable also to clean the 
waggled surface of the disk occasionally to prevent accumulation of dirt which 
niay sometimes cause the drive wheel to slip in spots. 

A synchronous motor is essential for constant speed. Such a motor, how- 
ever, has much less power than a shaded pole induction motor of the same size. 
In most constant injection experiments, a physiologic range of constancy can 

obtained with the induction motor. The motor variation under a con- 
tinuous load is insignificant, sometimes not more than about 0.2 per cent. ■\^ o 
•'five found the shaded pole induction motorf entirely satisfactory in onr ex- 
perimental work involving constant injections of aqueous or physiologic saline 


UlttsbS'” Laboratory of Experimental Emlocrinoloey. Sebool of Jledicinc. Univer.«ity of 

Demonstrated at the nicetlnfrs of the Federation of Ameiican Societies for Experimental 
■o'oe}’. Toronto. Canada. April 26-29. 1939. . 
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solutions. The apparatus is illustrated in Fig. 1. The following is a detaikl 
description of the apparatus, its construction and operation. 

The motor is set on two rods (2) so that its position can be adjusted in 
relation to the nuggled disk (7) by manipulating the handle that is attacked to 
a screw ( 3) which moves the motor forward or baclcivard on the supporting rods. 
A line or arrow on the side of the motor serves as an indicator that can be ad- 
justed, bj' moving the motor, to various positions on a scale (i), placed alongside 
and just below the motor. This enables the obsei’ver to determine the speed of 
propulsion of the piston (17) in the syringe (18) and the corresponding rate of 
delivery of its contents after a preliminary detemination is made for the syringe 
employed. Speed of propulsion increases as the drive wheel is moved from cir- 
cumference torvard the center of the nuggled disk, and vice versa. 



The motor rotates a shaft (5) at 50 r.p.m. At the end of the sia is 
taehed a hard rubber friction drive wheel ( 6), 2.5 cm. in diameter an 
wide at the cireuraferenee, which rests against a nuggled disk (0- 'f, j g 

9 cm. in diameter, is held firmly in contact wdth the drive wheel by t le ai 
spring ( 8) which is coiled around a portion of the di'ive shaft (9) that pm i ^ 
from the support (10). Wlien the motor is moved fonvard or 
sure on the disk toward the support permits the drAe wheel to be 
the desired position -without friction against the disk ; releasing the is^^ 
it again to contact firmly with the drive wheel. Lubrication of the m 
is provided for by oil holes (11) in the support. 

The shaft operates a pinion (12) wdiich drives a geared wheel 

the threads (see Fig- 


is attached a split damp (14). Within this damp are 


■ffitb 


that propel a long (30 cm.) threaded rod or screw' ( 15) as the clamp roj 
the wdieel to which it is fastened. The long screw passes tlnoug i 
and the geared wheel wdthout contact, and it is propelled foiwai 
tating. 




rogoff: constant intravascular injection of liquids 
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At the forward end the screw is fastened to a wooden block (16) which 
propels the piston (17) of one or more syringes (18) that lie in grooves of a 
wooden support (19) wlicre they are hold firmly by a grooved wooden clamp 
(20) that constitutes the upper part of the support. The block is moved along 
on two lubricated rod supports (21) and to it are fastened rubber laiobs (22) 
which press against the heads of the pistons, propelling them in the cylinders of 
the syringes. 

A set screw (23) is adjusted to the t)uU*r end of the long screw so that it 
contacts the “off” button on tlie switch (21). when the syringe is empty, and 
automatically stops the motor. 



Fig. 2 illustrates the construction and operation of the split clamp (Id) 
which propels the long screw' (15) that controls the movement of the piston in 
the sjTinge. If it is desired to continue an injection beyond the period required 
to empty the syringe (or s 3 ’Tinges), refilling the sj'ringe requires onlj* a few 
seconds. The split clamp is opened bj' loosening the nut on the threaded holt 
(^) which fits into a groove (E ) on the opposite half of the clamp. This permits 
the clamp to open at the hinge (A), releasing the threads (B) of the long pro- 
pelling screw' {15, Fig. 1) w'liich is driven bj' the threads (C) in the split clamp 
fis it revolves with the geared w'heel (F) to w'hieK it is attaclied. 

To refill the sj'ringes, tlie block w'hich propels the pistons of the sj'ringes is 
pushed back so that the screw' passes unrestricted through tlie split clamp, geaiod 
wheel, and support, to the original starting position. A metal saddle (25), w'hich 
I'ides on top of the block, is notched so that it grasps the head of the piston of 
tlie syringe. As the block is displaced baclcwards the saddle draws hack the 
piston and the fluid to be injected is drawn into the cj’linder of the sj'ringe 
tlii’ough a side tube (26 ) provided for this purpose. While this is done, the 
clamp is removed from the rubber tubing on the glass side tube (26, Fig. 1) and 
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placed on the tubing attaelied to the syringe. The clamp is replaced on tlie side 
tube before starting the motor again for continuing the injection. The split 
clamp is again closed around the propelling screw, and the motor started by 
pressing the “on” button of the snitch. 

The apparatus at present employed in this laboratory is provided with three 
50 e.c. syringes. Using one syringe, with the drive wheel adjusted at the outer 
margin of the nuggled disk, it delivers 0.7 e.c. per minute; if the drive wheel 
is moved toward the center of the disk, the speed is increased until 2.5 c.e. per 
minute is delivered when the drive wheel is close to the center of the disk, Tims 
the 1 ‘auge is from 0.7 c.e. (one sjwinge) to 7.5 c.e. (three syringes) per minute. 
Of course, it is possible to increase tire number of syihiges employed, permitting 
the performance of a uumher of experiments with a corresponding numher of 
animals at the same time. 

The speed of propulsion can be reduced by employing drive wheels of 
smaller diameters and by using di.sks of greater diameters. Furthermore, the 
quantity of liquid delivered can be reduced by employing syringes with cylin- 
ders of smaller diameters. Thus, by a combination of these factors, rvhich can 
easily be introduced into the construction of the aiiparatns, it is possible, quan- 
titatively, to vary greatly the speed and volume in the delivery of the tluic! 
injected. 

The author is inciebted to Mr. Ben Supovitz for drawing t!ie Illustrations. 


TflE PHOTOELECTRIC MICRODBTBRMINATION OP NITBOGKNOUS 
CONSTITUENTS OP BLOOD AND URINE BY DIRECT 
NESSLERIZATION^ 


William S. Hoffman, Ph.D., M.D., and Bess Osgood, A.B., Chicago, Rl 

W HEN Nessler’s solution is added to a dilute solution of 
an amber-red color is produced which is proportional to the 
of ammonia in the solution and ivhicli can, therefore, be used for the co onm 
estimation of the ammonia. TIo-wever, if the concentration of 
great, the colored substance is precipitated. Even in dilute 
tion or clouding occurs on standing; but before it occurs, the co oi 
progressively more intense. Many factors other than time also m u 
intensity of tlie color or the speed of cloud formation. Among these 
low’ing; the proportion of Nessler’s solution used to the final vo goiii- 

tion, the concentration of salts, such as sodium sulfate; the pT a jgjjg; 

tion ; the presence of substances -wiiieh form precipitates wit i mm ^ 
traces of oi’ganic solvents, particularly acetone; substances *V|}jpa(]cieil 

which produce a color ivith Nessler’s solution. To these factois s i 

♦From the Bepartment of Physiological Chemistry. Chicago Medica 
Beceived for publication, August 2, 19S9. 
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II.C eonstaut presence in almost all laboratory reagents as well as on laboratory 
f-iassnare, filter paper, and other equipment, of traces of ammonium salts or of 
substances producing ammonia on ashing, or of substances inllucncing the color 
produced by Nessler's soUilion. 

It «f ammonia nitrogen by nesslerisation must take all 

I. 0 S 0 factors into consideration. The technique employed must minimise these 
soiiices of error and make them constant both in the standard and in the mi- 
■noun so iitions. One of the methods of minimizinfr the interfering factors is 
0 aerate or distill the ammonia formed into an acid solution and then to 
iicsslcrize this solution. However, if such procedures arc used, tlic determina- 
lons are then more conveniently and aceuvalely mailc by lolnmctric rather than 
ly CO orimctne methods. It is to avoid aeration or distillation, wliich is usually 
amaeroprocednre and which is time-consuming ,md requires elaborate apparatus, 
liat most biological laboratories make use of met hods m\ olving direct nesslcriza- 
1011. Many of these methods liavc not only th.' usual subjective errors of ordi- 
tiiiry Colorimetry hut also the much more siaiufi-ant cnors produced by failure 

to consider tlie many factors which influoiiee tlic color iiroduccd bv Ncsslcr's 
solution. 

The photoelectrie colorimeter, when used witli ihc ]. roper liaht filter and 
Precautions of producing constant conditions, piTimis much move nceuratc 
as ucll as more rapid determinations than do iiistiumenis winch re.iuirc suh- 
3ee ive color matching. Furthermore, since pale color-' ,ire rt'iul witli as great 
acenraej as more intense ones, tlic photoclcctne iustrunu-nts make ])ossihIc an 
U ramierotechnique unthought of before in routine lahovatories. ITowcver, ihc 
unmodified adaptation of the crude methods of ordinary cohirimctry to the photo- 
c ee ric colorimeter would hardly he worth while: for. thnuiili the subjective 
errors would ho removed, the gross technical errors would lie untouched. Resides 
us, other errors arc introduced beeaxtse of a fundamental difi'crenee in the two 
miqucs. In color matching constancy of conditions is not su important since 
'ifiioum and standard are made up simnltanoonsly, whereas in idiotoeleetric 
lods standard curves are made up at one time while tiie unlniown may he 
jzed months or years later with different or aged reagents, and at a possibly 
erent temperature. The adaptation, then, of colorimetric methods to tiie 
P lotoelectrie colorimeter requires careful study of all tliese sources of error. If, 
o\\c\er, these sources are eliminated or controlled, the resulting methods arc 
icfined and ra])id, and have the accxiracy of the best volumetric methods. 

The following procedures for the determination of the nitrogenous con- 
■ uents of blood and urine by direct nesslcrization were designed to offer such 
^jxantages. They are based on the miero-Kjeldahl teclini(|ue of TCoch and jITc- 
* O'ln.' Tjjjj amber solutions obtained bavo absorption bands between 400 and 
'^0 m;i and are, tlierefore, best analyzed ivitli a blue filter .(Ceneo filter No. 1 , 
'icu, with an incandescent source of light, has an effective maximum transmis- 
sion at 430 m/i). About 0.020 mg. of ammonia nitrogen is used for tlic final 
formation, which, with 3 c c. of Nessler’s solution in a final volume of 20 
•|*M gives readings around 50 on the microgalvanomctor when water is set at 100. 
amount of sulfuric acid chosen is the least possible for convenient ashing, 
to minimize the concentration of the sodium sulfate in the final solution. 
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In the determination of nonprotein nitrogen a trichloracetic acid filtrate o£ blood 
has been chosen for analysis i-ather than the usual Polin-Wu filtrate, because 
the latter solution contains substances which Avhen ashed may produce clouding 
on addition of Nessler’s solution. It will be noticed that all standard curves are 
made by determination of standard solutions subjected to the same procedures 
as the unknown solutions, so as to include the blank in the curve. That tlie blank 
values are different for different procedures can be recognized from Pig. 1. 
where the readings for the same amount of nitrogen are different in the three 
procedures. 

METHOD 


Reagents and Apparatus. — 1. 2.4 N H 2 SO 4 . Into a 1,000 c.c. beaker, con- 
taining about 600 c.c. of water, add slowly with stirring 67.2 c.c. of concentrated 
sulfuric acid. Cool and make up to a liter in a volumetric flask. (Keep this, 
as well as other reagents, protected from ammonia vapor.) 

2. 1.2 N H=S04. 

3. 30 per cent H 2 O 2 , C.P. 

4. 5 per cent trichloracetic acid. 

5. 22.5 per cent Na^SO*. This solution is made up from anhydrous sodium 
sulfate with water at 37° C. and kept in an incubator at that temperature. 

6. Nessler’s solutions (Koch’s modificatioiff). Several liters should e nia e 

up at a time and kept in a tall bottle. A small amount of precipitate sc 
the bottom on standing. It is futile to filter this oft’, as it vdll . 

quantity needed for the day should be pipetted off from the top. i 
will keep indefinitely. 

7. Pyrex 25 c.c. test tubes, marked for 20 c.c. with a file. ^ 

washed with distilled water just before using. Other test tubes, w nc 

dry at the time of use, should be kept stoppered when not in use. ^ . of 

The Determination of Nonprotein 
blood or serum is mixed in a small dry test tube (15 by 1 u™- 

of water and then treated with 2.5 c.c. of 5 per f Pe 

urine containing protein is to be similarly analyze , 1 s per 

so that the nonprotein nitrogen concentration is not more 
100 c.c. The diluted solution is then treated as previous y.; 
oughlv stirred and allowed to stand for several gg possible- 

on a folded 7 cm. filter paper, wliicli has been . ' rppe fo-st few 

(Whatman No. 40 filter paper has been found E.xaetly 0.5 c.c. 

drops of filtrate are caught in the original f foi- 20 c.c. To’* 
of this filtrate is then transferred to a pyrex test tu e c v ^ saturated 

is added 0.5 c.c. of 2.4 N sulfuric acid. The tube is pla 

caWum chloride end heeled for severel mmiite nt „„.ve ll« 

be<rins. (This preliminary step may be omitted, hi priePioraectic acid, 

„fter end chloroform, formed from tho ^ teated imnedi.!* 

ndthout the annoying spattering that occurs "h«" " ‘ „ „a heatel «« 

„„r a free flame.) The tube is then remoted I'"™ " Jll the »*• 

constant agitation over a /“T "f 30 per cent hf'’*'” 

After about forty-five seconds of coolnir,, 1 cli P 
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peroxide is added from a capillary pipette directly to the sulfuric acid. De- 
colorization is immediate, but the tube is heated again with agitation for about 
ti\o minutes, at which time the ashing is complete. The cooled solution is diluted 
to about 15 c.c. and treated with 3 c.e. of Ncssler’s solution from a pipette 
reserved for that purpose. It is then made up to 20 c.e., thoroughly mixed with 
the aid of clean rubber stoi)|ior, and read in the i>hotoeleetrie colorimeter within 
two minutes.® AVhen .several determinatioii.s arc made at the same time, it is 
more accurate to make the' reading after each ne.sslerization ratlier than to 
ncsslerize all tubes at one time. IIowcvci-. readings at five minutes arc usually 
not more than 0.3 lower than those at two minntc.s. 



1— Tlie lelatlonsIUp between iihntoloinelcr rs'itl'ocs 
tCline A), concentiatlon albumin nitrogen 1 ‘Ins nonprotejn m n reads '55.8 : 

onrosen (Curve C). In Curve A, 0.02 inc. nltioeen reads 55 a: m cune B, it reans o 
ana In Cune c. It reads 58 . 0 . 


Calculation is made by reference to a curve or tabic of values obtained from 
standard solutions. For this purpose 4.7166 Gm. of purest ammonium sulfate 
•■ue dissolved in 100 e.c. of water. This is the stock solution for all the nitrogen 
aaal,vses described here. It contains 10 mg. nitrogen per cubic centimeter. If 
all the curves required are made within a day or two, it is unnecessary 1® a 
any preservative to this solution, which thus eliminates a possible .source of 
anor. Of this stock solution, 3, 5, and 7 c.c. are diluted to 100 c.c. in volumetric 
flasks, making solutions containing 30, 50, and 70 mg. nitrogen per 100 c.e., 
‘■Mpcctively. Analyses of these solutions, as well as of a blank of water alone, 
are carried out c.xactly as for blood, including the filtration and ashing. AVith 
llie proper light filter it will be found that the points, when plotted on scmi- 
legarithmic paper as in Fig. 1, fall on a straight line. 

Kic Determination of Total Nitrogen in Serum and Urine.— To 20 c.c. of 
-■t N sulfuric acid in a test tube is added 0.1 c.c. of serum or urine measured m 

Cvnco-sbearrt-SnnforU pbblelomctcr.- mamifacturwl b.v the Central Sclcntlae Co.. 
® tiscil In all these experiments. 
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a pipette calibrated “to contain.” The pipette is washed out several times witli 
tlie sulfuric acid in the tube. Exactly 0.5 c.c. of the well-mixed solution is 
ti'ansferred to a pyrex test tube marked for 20 c.c. and heated for several mimites 
in a boiling water bath. (This preliminary step may be omitted, hut it serves 
to hydrolyze tlie protein and thus prevents foaming.) Tlie tube is then heated 
in a free flame with rapid agitation until charring occurs and sulfur trioxide 
vapors fill the tube. After forty-flve seconds of cooling, a drop of 30 per cent 
hydrogen peroxide is added; this decolorizes the solution. The heating is tlteit 
continued gently for two minutes. The tube is cooled under the tap, and water 
is added to about 15 c.c., followed by 3 c.c. of Nessler’s solution. The solution 
is made up to 20 c.c., mixed thoroughly, and read in the colorimeter within two 
minutes. The complete determination can be made in less than ten minutc.s. 

Calculation is made by reference to a table or curve of values obtained from 
standard solutions. The stock solution, containing 10 mg. nitrogen per cubic 
centimeter, is diluted with water to give solutions containing 5 and 3 mg. 
nitrogen per cubic centimeter. These solutions, as well as water alone and the 
stock solution, are analyzed as above by mixing 0.1 c.c. of each with 20 c.c. of 
2.4 N sulfuric acid, using the same pipette calibrated “to contain.” Onc-lmlf 
cubic centimeter is ashed, treated with hydrogen peroxide, diluted, treated witli 
3 c.c. of Nessler’s, and made up to 20 c.c. Tlie points should fall on a straight 
line wlien plotted on semilogaritlimic paper, even when extended up to 14 mg. 
nitrogen per cubic centimeter (see Pig. 1 ) , Tlie total protein concentration is 
calculated from the total niti’ogen in the usual way by subtracting the non- 
protein nitrogen concentration and multipl.ving by 6.25. In the analysis of con- 
centrated urines, if the reading obtained shows a total concentration higher Ih'iu 
14 mg. per c.c., it is better to dilute the urine with an equal quantity of na!« 


and repeat the determination. 

T/ie Determination of Albumin and Globulin in Scrum (After Hone ).— To 
3 c.c. of 22.5 per cent sodium sulfate in a small test lube kept in a beakci o 
water at 37° C., is added 0.1 c.c, of serum from a jiipette calibrated ‘ to 
The pipette is washed out sevei-al times with the sodium sulfate solution. 
contents of the tube ai-e mixed by inversion, using a clean I'ubber stoppci. ^ 
lube is replaced in the beaker of water whicli is now kept in an iiicum 
37° C. for two hours. The precipitated globulin is now filtered off on a o 
7 cm. filter paper (Whatman No, 42). The first few drops of the 
caught in the original tube and refiltered. The filtrate should be per ec 
If it is not, a finer grade of filter paper must be used. It is not uccess. 
filter off more than a few drops of liquid. Two-tenths cubic centime 
filtrate are transferred with a pipette calibrated “to contain into a 
taining exactly 2 c.e. of 1.2 N sulfuric acid. Tiie pipette is was le 


taining exactly 2 c.e. of 1.2 N sulfuric acid, liie pipetic m 

times with the sulfuric acid solution. Of this mixture exactly 1 c.c. is 

to a pyrex test tube marked for 20 c.e, and aslied as in the jj,nt 

with the aid of a drop of 30 per cent hydrogen peroxide. It 

the final clear solution solidifies on cooling because of . ‘ gfjj.jlng tn 

of sodium sulfate present. About 15 c.c. of water a™ ® ‘ . yesskr’s 

dissolve these crystals. The well-mixed solution is I, , • ‘ mimiffs- 

vea-^ent diluted to 20 c.c., mixed, and read in the colorimeter mtlun 
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Calculation is made by rci'ereiicc to a table or curve of value^ obtained from 
btaiuiard solutions. The stock solution containing 10 ing. nitrogen j'er cubic 
centimeter, and dilutions containing 5 and 3 mg. per eiibie centimeter, and water 
alone are all analyzed in the Siune way as .«;erum, using the same j)ipettes and 
filtering with the same type of filter paper. The points should fall on a straight 
line when plotted on somilogarithmie paper (see Fig. 1). Tlie values obtained 
represent albumin nitrogen jdus nonprotein nitiogcii. The albumin concentra- 
tion is obtained by subtracting the nonprotein nitrogen concentration and multi- 
plying by G.25. Subtracting the nlbiimin concentration from the total ]>rotein 
concentration gives the globulin concentration 

COMMENT 

The methods outlined involve no new i>r'!i''i{»lcs but are offered as a tech- 
nique which permits rapid but accurate determinations with minute amounts 
of material. They serve, too, to call attention -o rciiHnliable errors in previous 
methods of direct ncsslerizatiou by insisting ‘Mi <*onstancy of conditions of the 
determinations and by inclusion of the blank ui t*’.e detonninatiou of tlic stand- 
ard solutions. 

The substitution of ordinary test tubes iVu- the large cumbcr'^oine 60 c.c 
micro-Kjeldahl tubes used in most laboratories .^llollld be welcomed. However, 
for those who insist on using these larger tube;, and who believe that a slightly 
less microproeedure would be more accurate, it is lecommended tiiat the same 
proportions of reagents and fluids to be analyzed as outlined here be used. If 
the amount taken for the final ashing is 2.5 times the amount suggested here and 
if the ashed material is made up to 50 c.c. witii T.o c c of Xessler s solution, 
curves similar to those in Fig. 1 will be obtained with ])robably less relative 
blank from the filter paper. 

The accuracy of these microniethods is attested by comparison with anal'scs 
made on the same material bv macro- Ivjeldalil procedures with titiation of the 
distilled ammonia (see Table I). 


Tarlk I 

Accuracy of PErrrJiMiSATioN of KrrnoaENous Coxstituks-tr 
Tlie res^ults are expressed in mg. per 100 c.c. 


S-VMPi.e 

N.P.N. 

3IETHOD 

TOTAL NITF.OOEN 
METHOD 

ALBUMIN 

MF 

XITROOEX 

THOI> 

AUTHORS ’ 

M.\CKO- 

KJELD.^HL 

.VUTIIOKS ’ 

M.VCRO- 

KJELDAHL 

ALTHOnS' 

KJELDAIIL 

Blood 

^runi 

^rum 

^rum 

^nim 

Brine 

Brine 

au.o 

.3S.S 

27.0 

24.0 

2(1.5 

23.0 

750 

31.4 

,18.1 

2(1,5 

7 

27.0 

7.18 

1,040 

1,200 

1,1S0 

$50 

1,.350 

1,010 

1,205 

1,162 

Sir. 

1,310 

TOO 

4 4 O 

... 

7 SO 

SOO 

425 


SUMMARY 

A technique is offered for the mierodetermination of the nitrogenous con- 
stituents of blood and urine by direct nosslerization, using the photoelectric 
^colorimeter. It is rapid, convenient, and accurate. 
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A MICROPHOTOELECTEIC METHOD FOR UREA DETERMINATION 
IN BLOOD AND URINE BY DIRECT NESSLERIZATION® 


WiLLiAJi S. Hoffman, Ph.D., M.D., and Bess Osgood, A.B., Chicaoo, In. 


|\ yi OST modem methods for the determination of urea in blood and urine in- 

volve the conversion of urea into ammonium carbonate by aid of t!ic 
enzj'me urease. The latter is usually obtained as a crude e.vtract of Jack l)ean 
meal. The ammonium oarbonate formed lias been analyzed in the more precise 
procedures by measuring- the extractable carbon dioxide from the acidified solu- 
tion, as in the manomctric method of Van Slyke,^ or by aerating the ammonia 
from tlie alkalinized solution into a standard acid solution and titrating the 
residual acid.- 

Neitber of these two methods is widely used in liiological laboratories I'hefe 
a large number of routine determinations of urea must be made daily. ^ >e 
manometric method requires special apparatus and a high degree of tecimes 
proficiency. The aeration method also requires special apparatus and is time 
consuming. In this method 3 c.c. of blood must be used for each deteimma lom 
Besides, if the air current is not controlled, there may he large errors. 
reasons, manj' biological laboratories have resorted to methods imolvmg m 
nesslcrization. A number of these methods have appeared, the first an 
of which was probably that of KaiT,® who added urease to a FolinA^u 
and nesslerized without attempting to remove the urease. Grimlnn 
parently the first of a series of investigators to advocate the addition o 
directly to blood and serum, and the subsequent removal of 
proteins and urease by a standard deproteinization techmqiie. 
obtained supposedly gave clear amber solutions with Nessler s leagen , 
of which was proportional to the amount of urea in the fluid. ^ 

When we attempted to adapt a method of direct nessleiization^^ 
of the photoelectric colorimeter, -we wmre immediately impiesse id 
of aceuraei^ of most of the procedures. There were two obvious sour 
which could be ascertained easily with the photoelectric co oiime e df 

was the difficulty in obtaining absolutely clear solutions on w proteins- 

Nessler ’s solution, even when the urease was removed wit i ^ ,vliicli 

Both the blood and the urease solutions contained solu e 
produced clouding on addition of Nessler ’s solution and v ic 

»prom the Department of Physiological Chemistry, Chicago Medical Sch 
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removed by any of the standard dcproteiiiization methods. The second source 
of error was tlic variable amount of color.prodiicing substances in tlie filtrates 
other than ammonia that had been formed from urea. If lliis source of error 
were constant, it miglit not produce much difficulty, for its value could casily 
be determined witli the photoelectric colorimeter. But it was not constant and 
it was often quite large, representuig from 3 to 10 mg. of urea nitrogen per 
100 C.C. 

A number of methods of dcproteinizalion were investigated in an effort to 
obtain a filtrate from the blood-urease mixture wliich would produce clear solu- 
tions and which would contain a minimum of iioiiammonia color-producing sub- 
stances. Folin-lVu filtrates were found unsati.sfactory, as were those made with 
trichloracetic acid and ivith toluene sulfonic acid. All these caused clouding. 
The use of cadmium sulfate and sodium hydioxide. recently recommended by 
Fnjita and Iwatahc'' for the determination ot true glucose because it yielded 
filtrates singularly free of nonsugar reducing suhstanees. also proved disappoint- 
ing. Clouding was obtained both in filtrates made in the cold and in those after 
heating. The Somogyi' procedure, using zinc sulfate and sodium hydroxide 
suggested by Peters and Van Slyko,' furnished fdtrates tlmt gave clear solutions 
ivith Nesslcr’s reagent, but the blank obtained was large and variable. Besides, 
the filtration was annoyingly slow. However, when tlic mixtures were heated in 
a boiling water bath for two minutes, the subsequent filliation was rapid and 
yielded a filtrate that remained elear on the addition of Ncs.slor's reagent and 
produced only a small and relatively constant blank. 

Since in all photoclectrie procedures, curves of values from standard solu- 
tions must he obtained by a tcelinique that is constantly reproducible, it was 
found necessary to use a standard urease solution which was freshly prepared 
for each set of determinations in order to have the same blank from the urease. 
Obviously, the most exact method is to weigh out accurately the required amount 
of dry jack bean extract for each urease solution. This tedious procedure 
ooiild be avoided by using urease tablets of approximately constant weight. 
Tablets of urease made by the Arlington Chemical Co. were found to be uniform 
and firm. 

The colorimetric determination of urea involves the consideration of other 
sources of error inherent in all nesslerizatioii procedures. These have been dis- 
'ussed in another paper.® It is probably of value to emphasize that inasmuch as 
no ashing is required here which would destroy any traces of the organic solvents 
Used in the cleansing of pipettes, particular care must he employed to avoid tlieir 
W’oscnce. Acetone is particularly harmful. The slightest trace of acetone lias 
“oen found to produce sufficient clouding to cause large errors in this micro- 
method. For this reason, we no longer use acetone in cleansing and drying 
Pipettes, hut have returned to the use of alcoliol and C.P. ether. Tliere is an 
npprociable blank from filter paper. It is worth wiiile, therefore, to use an 
!>sMcss filter paper of uniform quality, such as Whatman No. 40. 

MirrHOD 

Hcugents.—l, Urease solution. A tablet of Arlco-nrcase is ground in a clean 
fii'y mortar witli exactly 10 c.c. of O.Oii disodium acid phospliate. Tlic turbid 
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solution is transferred to a small tube reserved for this purpose. Tlie solution 
must lx* used witliin tnu or tlu’cc hours, 

2. Zinc sulfate, 10 per cent. A trace of iireeipitate may form or staiiiliii':. 
It settles to the bottom and may be ignored. 

3. Sodium hydroxide, 0.50 N. 

4. Nessler’s Solution (Koeh-McMeekin'-’). 


Procedure . — Into a small dry test tube (15 liy 125 mm.) 0.2 c.c. of hloodov 
serum or urine, diluted 25 times, is transferred with a Van Slyke-Neill pipette. 
Then 0.2 c.c, of urease solution is added. The tube is rotated to assure thoroiigii 
mixing, tlien stoppered with a clean rubber stopper, and placed in a water bath 
at 45° C. for fifteen minutes. Pour cubic centimeters of water are added, fol- 
lowed by 0.3 c.c. zinc sulfate i-eagent, and 0.3 c.c. sodium hydroxide, with agita- 
tion of the contents of the tube after the addition of each reagent. The tube 
is placed in a beaker containing an amount of boiling water just sufficient to 
I’each the lei-el of llie contents of the tube. After two minutes in the boiling 
water bath (which should not appreciably reduce the volume of liquid since 
tiie upper part of the tube acts as a condenser), the tube is cooled to room 
temperature and the contents filtered through a folded 7 cm. filter papw 
{Whatman No. 40), The first few drops are caught in the original tube and 
refiltered. Exactly 2 e.e. of the filtrate are transferred to a 25 c.c. test tube 
marked for 20 e.e. with a file. About 15 c.c. water are added, then 2 c.c. of 
Nessler's solution from a pipette reserved for that purpose. The solution u 
made up to 20 c.c., mixed by inversion with the aid of a clean rubber stopper, 
and read in the photoelectric colorimeter*' within two minutes. A blue hkh 
with a maxiimim transmission at 430 m/i (Ceneo No. 1), should be used. A ) on 
determination can be made by treating tlie blood or diluted urine as m 
determination of urea by adding tlie zinc sulfate and sodium hydrosi e 
tlie urease and heating immediately for two minutes without an> ^ 
digestion. For blood we have found the blank to be of the order of 
nitrogen per 100 e.e., wliich can be assumed for all determinations. 
the urine blank includes the value of the preformed amiuonia an 
fore, be determined in each case. This determination, too, might t eoie 
be avoided if a permutit-treated ni'ine is used for the determination! 
even such liquids may still show appreciable and variable jijg pre- 

avoid the use of pei’mutit and to detei’mine the blank which inc u e 


formed ammonia. oWaini'i 

Calculations are made by reference to a table or cm’ve of 
by analyses of standard solution of urea, A stock solution ™ 

80 mg. ui’ea nitrogen per 100 c.c., is made up bj’ dissolving 1. ' ^ 

dry urea in water and making up to a liter in a volumetric solud®' 

toluene is added as a preservative. Exactly 5, 10, and 15 e.e. o _ ^ gonfaini”? 

of urea are diluted to 50 e.e. in volumetric flasks, and iva*'’'' 

8, 16, and 24 mg. urea nitrogen per 100 c.c., respective j . ^ ^ ^ ^ ,1,^ 

alone are analyzed exactly as in the procedure for bloo , ' ^-a,- 

. ■ ^ -u » 4ViF» Ccntml * 

♦The CencO'Sheard-Sanford photelometer, manufactured > 
used in all these experiments. 
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itaiidard solution and 0.2 e.e. of urease solution, and carrying out tlie digestion, 
depiotcinization, heating, and filtering a.s previously, Tivo cubic centimGtcr.s 
of the final filtrate are made up with water and 2 c.c. of Ncssler's solution to 
20 c.c. and read in the photoclcctrie colorimeter within two minutes. The curve 
obtained when plotted on seniilogarithmic paper is a straight line (Fig. 1). In 
tlie determination of blood of high urea conrentration, it is more accurate to 
anal.vze the diluted blood than to use lc.ss of the final filtrate for ne.sslerization, 
since, in the latter ease, there will he less blank. 
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rig. I. — The relationship between photolomctcr rc,i(IIncs nnU urea nitiogen concentration. 

Tlic Standard curve slionld he rciicated with several urease solutions to 
cheek on the uniformity of tiic tablets, for a good portion of the blank comes 
from tlie urease. If the tablets arc not uniform, it is suggested tliat a glycerol 
solution of tirease, as recommended hv Wren,*® but eontainin.g no acetone, be 
used. Under any circumstances, it must be recognized that unless the blank of 
Ihc urease solution is duplicable, photoelectric microanalysis of urea by direct 
ncsslerization is not reliable. 

Tabic I compares the analysis of urea by the proposed method witli that 
flic aeration method of Van Slyke and Cullen.® There is close agreement. 

TABbE I 

Accuracy of DetermiKaVtiok of Urea 




Tlic results are expressed in mg. per 

100 c.c. 


*5AilPLE 

1 METHOD I 

ADDED URB.V 

kitrooen 

1 TOTAL UREA NITROfiEN 

VAN SLYKE 
AND CULLEN 

AUTHORS' 

CALCUL \TED 

FOUND 

niooi] 

Blood 1 

Urine 1 

Urine j 

11.0 

15.7 

8.5 

788 

1,160 

ii.:i 

15.0 

8.9 

770 

1,206 

8.0 

16.0 1 

52.0 1 

400 1 

800 ! 

19.2 

ni.n 

40.9 

1,1 70 

1 2,006 

19.5 

51.7 

•in.o 

1,100 

1 2,040 
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SUMMARY 

A photoelectric method for the microdetermination of urea in blood and 
urine b.r direct nesslerization is offered. Duplicabiiity of the values obtained 
is brought about bj^ a deproteinization technique whicli gives clear solutions on 
the addition of Ncssler’s reagent, with a minimal and constant blank. 
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PHOTOMETRIC BLOOD SUGAR DETERMINATION BY THE POLiNdTO 

METHOD* 


A New Source of Error 


M. Fiokentino, jM.D., and G. Giannettasio, M.D., Naples, Italy 


S INCE the appliccatioii of pJiotometry (optical or electrical) has lecom 
wide as to gradually replace clinical colorimetry, many authors a 
tejnpted to adapt previous methods to the new instruments. 

One of the most uniA’’ersally accepted methods for blood sugai e 
tion, that of Foiin and Wu, has been repeatedly recommended oi us 

various types of photometers.^ noticffl- 

UnfortunateljL a very important source of erz-or has passe 
the very marked fading of the color, which takes place immediate 5 
mixing of the reagents and gimdually increases during umny (.j. 

It is obvious that, on account of this rapid fading, which give 

caped the attention of previous woi'kers,^ it is absolutely (unicss 


any consistent figures for the optical density of the ghicose fhis 

all time factors are very rigidly fixed). IVe have tnec “ ^vJies 

point by shortening the time necessary to arrive at a fizm this 

the fading of the color lias practically ceased, vve lave 

‘From Urn Biochemical Department of the United Hospitals of XaP 
Received for publication, June 14, 1039. 
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may be obtiiined by immersinfr fhc tubes in a boiliiiK iviitei- liath for five 
minutes after adding tlie pliospliomolybdic reagent (Chart 2). In this way, 
also, bubbling (which is so troublesome in photometric readings) has been 
entirely eliminated. 



irliipneo^«V^^ — Facllnff of color In the cour-<5e of timo. ob-soiteU m a 0 2 per cent solution of 
after two t®' using a red screen (about 69o /im). It ss to bo noticed that onl\* 

'■ght ettincri liours docs the phenomenon become Insigniflcunt ut loom temperature. L = 



Chart 2 — Loss of color after heating of various duration in a water bath. 


Chart 2 shows that after three minutes’ heating in a water bath, tlie color 
“ding has practically reached its final point, so that readings may be made 
" ich are easily comparable. 

Chart 3 shows the light absorption curve (calculated as extinction) which 
"e have obtained with pure glucose solutions. We obtained a straiglit line, 
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Chart 3 Color of glucose solutions at various concentrations. 


which goes exactly to the zero point. That is to say, there is perfect pro 
portionalitj’’ between glucose concentration and color production. 

Our results are not in accordance witli those found in the 
referring to the alleged nonproportionality of color developed in t e 
Wu method,® but we believe that previous observations are now to e c 
sidered as not entirely reliable. 

It is obvious that a dift’erent chart must be constructed for ^ 

every optical device in practice, but this is a matter of no real i en 
an}^ laboratory worker. 


SUMMARY ^ 

It is demonstrated that the color produced in the Folin-'ii u 
termination fades rapidly at room temperature, thus affectiUo e 

tometric reading. _ u o- in a water 

It is suggested to stabilize the color by five minutes lea mo 

bath before reading. 
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FURTHER OBSER.VATIONS ON THE HEMOLYTIC EFFECTS OF 
ETHYL AND CAPRYLIC' ALCOHOL*' 


Paul L. jMcLain, M.D., Pittsuurgii, Pa. 


T he woll-kiiowii influeiice of experimoutal coiulitiony upon the results ol' 
liemolysis studies' suggested rci)elition, u-itli slightly modified technique, of 
some previously reported observations on the hemolytic effects of ethyl and 
oaprylic alcohol.^ During tlicse studies, it was noted tliat caprylic alcoliol, de- 
spite its marked hemolytic properties, was ca]»abk' under certain conditions of 
protecting red blood cells against hypotonic I<ikiiig Similar results for an ex- 
tensive scries of aliphatic narcotics have been reported by Yoshitomi,® and pro- 
tection against hypotonic hemolysis has been employed by Sollmanu'* as a 
criterion of astringent action. Tlie present study includes (a) additional ob- 
servations on the hemolytic properties of ethyl and caprylic alcohol, and (b) 
observations on tlic osmotic resistance of red blood cells in the presence of low 
concentrations of these reagents. 

(a) Hemolytic Effects of Water and Alcohols 
Sbitecn samples of fresh beef blood and 5 of liog blood wore used in compar- 
ing the hemolytic powers of water, etJiyl alcohol, and caprylic alcohol. The 
1‘eagents were added, not directly to blood as in tlic previous study,® but to 0.9 
per cent sodium chloride solution in proportions identical witli those previously 
used. Small amounts of blood were transferred to the resulting test mixtures 
means of a stirring rod. Tlie su-spensions were thoroughly mixed at intervals 
of five, fifteen, tliirty, forty-five, and sixty ininiitcs. and obsci'vations for he- 
molysis were made at five and at sixt.v minutes. The criterion of hemolysis was 
transparency of the mixture. All observations were at room temperature (aver- 
age 25.3° C.; standard deviation 2.4); comparisons were made at equal tempera- 
tures. 

The results are summarized in Tabic I, which shows tlie dilution of licmo- 
lytic agent in salt solution at which liemolysis occurred. Included in the table 
for comparison are the results of adding reagents directly to blood.* Data for 
and hog blood were considered together as previous results failed to reveal 
a significant difference, 

Altliough the results suggest that, in the cases of water and caprylic alcohol, 
liemolysis was more readilv accomplished by adding the reagents direct \ o 
Mood, this discrepaiicv mav he due to the fact tliat transparency was of necessity 
lodged ill a slightly different manner for the two series of expd'iments. The 
difference in medians, wliere noted, was only one step in the scries of dilutions 
yod_Thc relative liemolylic powers of water, ethyl alcohol, and caprylic aleoliol, 

Trom tlic Dcp.ntmcnt ot Physioloirv ami Pliarm-ncolosy. Univcr-lt>- of Pittsbiirsli. 
Uccci\ed for publication. August 3, 3 939 
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as previously reported and as indicated by the blood series in Table I iveie 
approximately 1, 4, and 200, respectively. In the 0.9 per cent NaCl series, tlie 
corresponding values were 1, 8, and 200. It is, tliercfore, doubtful whether the 
results express a real difference between tlie two sets of observations. The pre- 
viously reported slowness of development of full hemolytic capacity by caprylic 
alcohol was confirmed as noted in Table I. 


Table I 


HEJfOLYSIS BY EEAGENT DILUTIONS IN BLOOD AND IN 0.9 PEB CENT SODIOII CHLORIDE SOLUTIOX 



j 

1 WATEB 1 

1 ETHYL ALCOHOL 

j CAPBi'LIC ALCOHOL 


TIME 

MEDIAN 

EX- 1 
TREJtES 1 

MEDIAN 

EX- 

TREMES: 

MEDIAN 

EX* 

THEHES 


Min, j 

Oil. 

Per 

cent 

H|^|| 

Dil. j 

Per 

cent 

DU. 

Dil. 

Per j 
cent j 

Bil 

Blood 

5 

1 

S0.7 


3 

S6.7 

3,4 


100.0 



00 1 

1 

S6.7 


4 

S6.7 j 

4,5 j 


CG.7 

0.9% 

5 

0.5 

71.5 

0.5,1 

3 

100.0 


<10 

100.0 

100,41)1) 

NaCl 

60 i 

0.5 

00.7 

0.5,1 

4 

70.2 

3,4 

100 

54.5 1 


Notes . — Figures in "dilution” coliimn.s represent parts of blood or O.S per cent NaCl solu- 
tion per one part of reagent in the test mixture. 

Figures in “per cent” columns represent the percentage of samples having the roeman 

value. 


(b) Osmotic Resistance in the Presence of Ethyl and Caprylic Alcohol 

Resistance to hypotonic laking of red blood cells from 13 samples of beef 
blood and 5 samples of hog blood was tested by transferring small amounts o 
blood, as noted above, to sodium chloride solutions having concentrations o 
0.25 to 0.60 per cent. In addition to an untreated control series, four series eac 
of test mixtures containing ethyl and caprylic alcohol were prepared foi a p'® 
sample of blood. The proportions of alcohols used were (reagent : salt solution 
1:1,000, 1:500, 1:250, and 1:125. Readings were made fifteen minutes a « 
the addition of blood to the test mixtures. Osmotic resistance was measuic^^^ 
the midpoint of the zone between complete heniol.vsis and imperceptib e le®^^ 
j'sis. As only large differences were of interest, no attempt was made to 
red blood cell fragility with great accuracy. All observations veie ma 
room temperature (aimrage 26.0° C.; standard deviation 1.8). _ 

Table II is a summary of tlie results obtained, including 
change in osmotic resistance for individual samples. In the ethyl a co w 
all dilutions showed identical averages and nearly identical distiibu miis.^ 
over, the results were so nearly like the control values that no mcasuv. ^ 
ence could be postulated on average results. Individual op. 

definite increase of osmotic resistance in 17.6 per cent of the tota 
portnnities, the great majority of samples being unchanged I’eoai’ 
dilution of ethyl alcohol used. Of the 9 definite changes lecoi e ’ ^^23.1 

tributed among the 1 :500, 1 ;250, and 1 :125 mixtures, accounting tov 


per cent of the samples tested. _ . jieoiol- 

lu the caprylic alcoliol series, averages indicate that t le 
ysis was increased. All the caprylic alcoliol averages individual 

than the control average, although this was true of the distiibntio 
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values only for dilutions lower tluiu 1:500.® Tlicre was also a statistically sig- 
nificant difference between the average osmotic resistance for the 1 :1,000 group 
and that for the 1 :250, indicating a progressive increase in resistance to hemol- 
ysis between these two classes. The frequency of definite increases in osmotic 
resistance among individual samples was most impressive at 1 :500 and smaller 
dilutions, where the number of samples showing change was 87.5 to 93.3 per cent 
of the samples tested. These frequencies wore much greater than the correspond- 
ing values for the ethyl alcohol series. 

Table II 

0.SM0TIC Pesistance OF Ped Blood Cells in the I’liESES'i-E of Ethyl Alcohol and 
Caprylic Alcohol 


(Pcadings at 15 iniii»U‘-s) 


REACENT 

DILU- 

OSMOTIC RESISTANCE 

CHANCE IN OSMOTIC RESISTANCE 

TION 

FJCTREMES 

AVO. 

MED. 

S.D. 

INCREASE 

DECREASE 

NO CHANCE 



Per cent 

Per 

Per 

Per 

Sum- 

rtr 

X urn- 

Per 

Xnm- 

Per 



N-oCl 

cent 

cent 

cent 

btr 

Ct lit 

her 

cent 

her 

cent 

Control 


0.42-0.52 

0.47 

0,47 

0.027 







Ethyl 

1,000 

0.40-0.53 

0.40 

0.40 


I 

(. ^ 

0 

0.0 

15 

93.7 

filcohol 

500 

0.41-0,52 

0.4G 

0.4.5 

0.0.34 

.; 

IV, 

0 

0.0 

13 

81.2 


250 

0.40-0.50 

0.40 

0.40 

0.032 

2 

r. ! 

0 

0.0 

13 



125 

0.40-0.52 

0.40 

0.40 

0.0.3.S 

r* 

j.n 

0 

o.n 

10 

70.9 

Uprylic 

1,000 

0.40-0.49 

0.44 

0.44 

0.02.3 


2'».4 

" 

0.0 

12 

70.0 

alcohol 

500 

0.38-0.4Q 

0.42 

0.41 

0 024 

14 

s7 .j 

0 


2 



250 

0..3S-0.45 

0.41 

0.41 

0.010 

14 

1».3 

« 


1 



125 

0.38-0.45 

0.40 

0.40 

0.022 

10 

00 0 

0 

0 n 

1 

9.1 


Figures In “ailution” column represent paru of sodium chlonUe solution per one 
part Of reaecnt In test mixture. 

S. D. represents stantlanl deviation from the .average , , » 

. Only alterations of osmotic resistance m c.Nces*! of 0 03 per cent NaCl aic recorded as 
^^nanged In this table. 

To ascertain tlio permanency of the clianses just outlined, osmotic resistance 
"as measured for 5 samples of blood at hourly intervals over a period of five 
ioui's. Alcohol concentrations were the same as tliosc previously mentioned, w ith 
omission of the 1 ;125 dilution. A smaller number of sodium chloride concentra- 
tions was employed. No changes in resistance to liypotonic laking were noted 
'll the ethyl alcohol group during tlic period of observation. Increase in osmotic 
lesistance occurred in a majority of tlic caprylic alcohol tests up to the end of the 
second hour. Beyond this point, 1:500 and 1:250 dilutions began to show 
definite decreases in osmotic resistance wliicli, at the end of the fourth lioui, 
i'leluded all samples. In five liours, two out of five 1 -.1,000 dilutions still showed 
uicreascd resistance, wliile tlic first decrease for tliis dilution had just appeared. 
It is apparent, tliercfore, that the increased resistance to hemolysis caused by the 
eoiiceiitratioiis of caprylic aleoliol lierc employed was limited in duration, tlie 
'lemolytic powers increasing in prominence with prolonged contact. 

summary 

1- The relative liemolytic powers of water, ethyl alcolioI, and caprylic 
alcohol were tested at room temperature over a period of one hour by adding 
S'"'!!! amounts of blood to various dilutions of hemolytic agent in 0.9 per cent 
acdiiim chloride solution. In two-thirds of the .samples, water caused hemolysm 
i'l dilutions of 2 ;1. Etliyl alcohol had approximately eiglit times and caprylic 
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alcohol about two hundred times the laking jiower of water. These resiiKs were 
compared Avith analogous foldings for direct additions of hemolytic agents to 
defibrinated blood. The differences noted were of doubtful significance. 

2. Resistance of red blood cells to hriiotonie laking ivas tested at room 
temperature in the presence of A'aidous concentrations of ethyl and capn-iio 
alcohol. Ethyl alcohol caused no changes in liours at the dilutions employed. 
Caprylie alcohol in dilutions of 1 ;500, 1 :250, and 1 :125 increased the osmotic 
resistance for at least fifteen minutes in approximately 90 per cent of the samples. 
Such protective action urns diminished in three liours, and only decrease in 
osmotic I'esistance occurred after four hours. 
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A NUMERICAL SYSTEM USING COLORS FOR MARKING 
ALBINO RATS AND MICE* 


Janetta Schoonover Dohan, M.S., Philadelphia, Pa. 


N umerical systems for designating laboratory animals usually mvobj 
tattooing, clipping of ears or toes or both, or leg hands, but 
mice are so easily marked by putting spots of color on their coats t ta 
a very popular method. It is especially so if there are objections to 
the animals by clipping. Most of the laboratories which ^ 

method are contented ivith the use of one or two colors and a stan av 
of marked sites, further differentiation being effected by placing le 
in two or more cages in each of wliich no two animals bear 
eombinatioii of marks. This procedure often is not entirely contain- 

times it becomes expedient to place a marked animal in a cage a rct 
ing an animal with the same mark, thus necessitating additioua 
a change in the records. Moreover, animals which have en- 
cages are not easily identified. Finally, these markings tjieni. 

tries in the records unless numbers are arbitrarily assigne ],as 

A system of color marking employed recently “ “I'”" ‘pji those of 

red to combine all of the advantages of a numerical svs 
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llie color technique. Tlio improvcnuMit in housing, in ro(-'oi‘cMvi‘epinj,L and in 
references to experimental animals used in the past, is obvious. Combinations 
of colors and sites are used and are arrani'ed in an orderly Avay so that the 
number wliich any combination represents may I)o recognized immediately -with- 
out reference to a code. Familiarity with the system i.s acquired usually before 
50 animals have been marked. 


METHOD 


The nine different locations on the ral stand tor the digits from 1 to 9, and 
the four colors stand for the column in whieli tliese digits are to be found. Tiio 
nine digits are represented conveniently by the iollowing nine sites: 


1. Left car 

2. Eiglit ear 

3. Left slioulder 

4. Back of neck 

5. Right shoulder 


6, lliddle of back 
7 I.eft hip 
S Lower back 
9 . Right hip 
0. No mark at all 


Although the snout is a desirable location on acconni of ifs \isibility, it is not 
given a number because the murks placed tliore \ant.sh loo quickly. On the sites 
listed the colors last for about tlirec weeks and arc* renewed, as any dye mark- 
ings must be, when tliej' are about to become indistinct. The four colors, yellow, 
red, green, and purple, sliow whether the digits belong in tlie ones, tens, hun- 
dreds, or thousands column, respectively. This order is ciioscu according to 
the permanence of tlie stains on the coats of the aiunnils; the numbers in the 
ones and tens column arc u.sually the most significant and are, therefore, 
assigned the most lasting colors. The practical api>lication of the system is 
■‘'hown best by the examples in Table I. Obviously, a number in which tlie same 
digit occurs more than once (55, 1232, 6686, etc.) cannot be represented, for 
tiiat would entail tlie application of two colors to the same site. It is foi this 
reason that not all of the 9999 numbers arc available. The some digit appears 
two or more times in 4491 numbers, thus leaving 5508 which arc suitable for 
use. 


Table I 


-Mark 

PURCliE 

CREEN 
(-n — ) 

RED 

( Jb-) 

YELLOW 

( n) 





Left shoulclej 

30 



Left shoulder 


300 


Left slioultler 



3000 

34 

43 1 

403 

430 

432 

4321 

snr.7 

Left ?ihoul<ler 

Back of neck 
Lower back 

Back of neck 
Back of neck 
Back of neck 
Left shoulder 
Bight hip 

Left shoulder 
Back of neck 

Left shoulder 
Left shoulder 
Eight ear 

Middle of hack 

Back of neck 
Left shoulder 
Left shoulder 

Eight ear 

Left ear 

Left hip 


Tlie colored marks on the animals can be produced by painting on the 
following solutions; (1) yellow, by a saturated aqueous solution of picric acid; 
(2) red, l,y zieiii’s carboifnclisin solution; (3) green, by a 2 per cent solution 
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of malachite green in 50 per cent alcohol; and (4) purple, by a saturated aleo- 
holic solution of gentian violet diluted with thirty volumes of 50 per cent alco- 
hol. The purple and green solutions proliably may be diluted considcraldy be- 
fore they fail to give satisfactory results. One ounce widemoutlied bottles 
stoppered with corlis in which camel 's-hair brushes have been inserted make 
convenient containers for these solutions. The bottles are mounted in a row 
in a wooden block. None of these dyes has been found to be poisonous to 
the animals. 

SUMMARY 

A numerical color system for marking white rats and mice is described. 
With the application of one to four colors on one to four of nine locations ontlic 
animal there become available about fifty-five hundred different, combinations 
which may be designated numerically. 


itIETHOD OP SniULTANEOUS FIXATION AND DECALCIPICATIOX 

OF BONE® 


W. L. McNam.vra, M.D., Berta Murphy, B.S.. and W. A. Gore, M.D. 

Los Angeles, Calif. 


T he method effecting simultaneous fixation and decalcifiealion of bone kis 
been successfully employed in our laboratory for a period of five .icbd- 
Because of the corrosive sublimate fixation, the resulting jircparations are sint- 
able for the application of the majority of the special staining procedures. II 
this method of decalcification, tissue distortion is minimal, and the .stainnis 
capacity of the nuclei is not diminished. 

' Becalcifying-Fixing Fluid: 


Alcohol, 95 per cent 
Formaldehyde 
Nitric acid 
Corrosive sublimate 
Trichloracetic acid 
Distilled water 


1. Dissolve corrosive sublimate in 300 c.c. of water 
Cool. This is solution No. 1. 

2. Dissolve tricbloracetie acid in 100 c.c. of water, add 
and formaldehyde. This is solution No. 2. 

3. When solution No. 1 is cool, add solution No. 2. 


50 c.c. 

40 c.c. 

5 c.c. 

10 Gm. 

30 6m. 

400 c.c. 

f xmtli ihc flW- 0/ 


nitric acid, aicoho!, 


4 The finished stock solution will keep indefinitely in the iceb 


room 

temperature the mercury tends to precipitate after three 

the Pathological laboratory. Veterans Administration Hosi) 

c U S. Veterans Administration. 

* Beceived for publication. August 11 . 1939 . 
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METHOD 

1. Cut sections ol fresii bone, not inove than 8 to 10 mm. in thickness with 
a scroll saw. 

2. Place sections in deealcifying-fixiug solution (at least 100 times as much 
fluid as tissue) and place in an incubator at 37* C. The entire process of 
decalcification is carried on at this temperature. 

3. Replace tlie decalcifying-fixing Ihiid daily until tissue is soft. Tlie 
degree of decalcification may be tested by palpation or by cutting an extremely 
(hill slice with a sharp laiife. The common practice of piercing the tissue 
with a needle frequently breaks the architecture in the most interesting portion 
of the section. 

4. When the tissue is soft, place in running wafer for tw’cnty-four hours. 
{We liavc found this suffieient; liowevcr, 1.5 to - P'-r cent ammonia water may be 
used for twelve hours, followed bj* running v\atci toi twenty-four hours.) 

Place tissue in: 

80 per cent alcohol for two hours 
95 per cent alcohol for six hours 

Absolute alcohol for from sixteen to tuenty-four hours 
Xylol for from five to ten minules 
Oil of cedar (clearing) for twenty-four liours 
Xylol (two changes) for thirty minutes 
Paraffin 56* to 58* (3 changes) for from four to six lionr.s in 
all. 

Embed. 

If tiic following procedure is employed before staining the intensit}' of the 
nuclear stain is increased: (1) Immerse mounted sections (after removal of 
paraffin) overnight in Bouin's fluid. (2) 'Wash in running water for from 
fifteen to thirty minutes. 

With certain sections of bone altered by patiiologie changes, sucli as tumor 
infiltrations, tliere is danger of maceration when an attempt is made to sa\s 
diem into small pieces for decalcificatioii. Such tissue may be placed in the 
deealcifying-fixing fluid for two days or more for partial decalcification. Thej 
may then be cut with a sharp knife into sections of suitable size. Decalcification 
i^ then continued. 

The average piece of bone decalcifie.s in from three to five day.s; if it re- 
Qiiires longer than seven days, nuclear staining is impaired. 



CULTURAL DIAONOSIS OP TUBERCULOSIS USING BOEDBT-6ENGOU 
AND LoWENSTEIN MEDIA* 


Lucy Mishulow, B.A., and Sadie RamN, B.A. 
New York, N. Y. 


C ULTURAL diagnosis of tuberculosis has been studied by many investigators 
with a view of substituting cultui’e for guinea pig iiioeulation. Altliougli 
a great deal of work has been done and many excellent media liave been 
devised for this purpose, there is still considerable difference of opinion witli 
regard to the advisability of reU'ing on culture alone. 

In a recent review of the literature, JIurphy and DuerschneiT and Guggen- 
heim and Pinkelstein* summarized tlie results obtained by various investigators 
in comparative studies of culture and guinea pig inoculation. These may be 
divided into three groups; (1) Equally' good results were obtained on cultuie 
and guinea pig inoculation. (2) Better results were obtained on culture tiiai' 
on guinea pig inoculation. (3) Better results were obtained on guinea pig^’'- 
oculation than on culture. 

In considering the value of any diagnostic procedure, one must ^ 
consideration not only the accuracy, but also the practicability of the me 
Although guinea pig inoculation is undoubtedly an excellent method of e uir 
small numbers of tubercle bacilli, this method is limited in its application 
of the expense involved and also because comparatively few of the sma 
tories are equipped to carry- animals. Culturing on a suitable me mm 
tively' inexpensive and can be carried out in any laboratoiy that has a 
technician. The results obtained on culture by a large iiumbei 
have been so satisfactory that the adoption of culture as a diagnos le p 


seems to be justified. _ . 

The question of an optimum medium for cultural diagnosis j,g. 

of opinion. A number of media are available, and good lesu ts mi 
ported with a lai’ge number of them.*- - The choice of any par m 
would depend largely on the preference of the individual voi ler. 

One of us (L.M.) reported in 1932= the results of a ° ye 

of the human and bovine types of tubercle bacilli on van 
found at that time that of the media tested, the in 1931 

stein” egg medium gave the best results. In a ‘ j,j„ gpnta on 

reported the results obtained in a comparative study ot Af 233 spccitn^’'- 
above media and simultaneous inoculation j„edium, 13 

tested at that time, 18 were positive on the Boidet-Ge g ^ ^ 

~^rom the Bureau ot Uaboratories, New York City Departme 

^'"“'‘"SreWe^rorpubUcation, August 8. 1939. 
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Lowenstein medium, and 15 on guinea pig inoculation. Based on tliese findings, 
we have since then substituted culture on the Bordet-Gengou and Lowenstein 
media for guinea pig inoculation. 

■\Vc have cultured since our last publication a variety of specimens wJiieh 
included sputa, tissues, pus, jilcural fluids, spinal fiuids, urines, and otlier 
pathologic materials. IMost of the specimens came from patients wlio had been 
repeatedly negative on routine smear examinations. Eacli specimen -svas ex- 
amined by smear and only those were eiiltured that were negative on careful 
smear examination. 

SIETHOD OP CULTURE 

Sputum . — The sputum was poured into a Potri plate and examined for 
cheesy particles which, if ])resont, wei'e eolle< ted by means of a broken-tip 
pipette or a heavy wire loop, and two thick sniears were made. The smears 
were stained by llic Ziohl-Neclson method, ii''mir brilliant green 1:1,000 dilu- 
tion as a counterstain, and were examined thorouehly for acid-fast bacilli. AVe 
found in a previous study' tliat liy selecting the matprial in the manner de- 
scribed tiic result was the same as concentrating the sputum. If the specimen 
was negative on smear examination, it was cullurHl as follows. 

The specimen was placed in a sterile 10 ec. centrifuge tube containing 
glass beads, and an equal amount of 5 jicr cent oxalic acid was added (Corper 
and Uyei method®). Tlic tube was stoppered with a steiile solid rubber stopper, 
and the mixture was incubated at 37° C. fur foriy-fivr minutes. During the 
incubation the mixture was shaken vigorously at frequent intervals. A few 
drops of bi’omthymol blue were added after incubation, and the reaction was 
adjusted to pH 6.8-7.0 with 10 per cent sodium hydroxide. The specimen was 
then centrifuged at Iiigh speed for one hour. The supernatant fluid was de- 
canted, and the sediment was suspended in about 5 e.c. of sterile distilled water, 
filtered through a thin layer of sterile cotton and inoculated on several plates 
of the Bordet-Gengou and Ldwonstcin media. The plates were incubated at 

C. for tw'o to three days without scaling them to allow the excess moisture 
to evaporate. They were then sealed with Scotch photographic tape and re- 
ioeubated for five to six weeks. The cultures were examined microscopically 
once a week, using a low' pow'er microscope. 

f !«.— If the pus was very thick, a suspension was made in steriie distiiicd 
"■ater; if not, it was used undiluted. A portion of tl.e specimen was inoculated 
an one plate each of the Bordet-Gengou and Lowenstein media, also on a blood 
P'olo and in lilood iiroth in order to detect otlicr organisms. If tlierc was no 
ib-owth after forty-ciglit hours’ incubation, several more plates of the BordcL 
f^ongou and Lowenstein media were inoculated with tlic remainder of the .speci- 
">0" whieli was kept refrigerated. If the specimen sliowcd contamination on 
'I'o lueliminary cultures, it was treated with o.xalic acid in tlie manner described 
fot sputa. 

Pleural Fluids, Spinal Fluids, and Other Internal Efi(.«oiis.— Tlicse were 
“siially condensed bv centrifugation for one Iiour at Iiigli speed. Tlie sediment 
''•'s c.vaiiiiiied by smear, and, if the result was negative, tliey were cultured 
“ described under “Pus.” 
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Thsues . — The surface of the tissue was seared and the infected areas iverc 
removed and macerated with sterile scissors. A heavj^ suspension of the tissue 
was made in stex’ile distilled water by grinding it in a sterile mortar and 
gradually adding the water. The suspension was filtered through sterile cotton 
to remove large particles of tissue and was tested for contaminants as deseriM 
under ‘ ‘ Pus. ’ ’ If contaminants were present, the remainder of the suspension 
was treated with an equal amount of 4 per cent sodium Iq'dro.Nide® and was 
incubated at 37° C. for forty-five minutes. The reaction was then adjusted to 
pH 6.S-7.0 with 10 per cent hydroeliloric acid and cultured on several plates 
of Bordet-Gengou and Lowenstein media. 

Stomach Contents and Urine . — The specimens were centrifuged at high 
speed for one hour. The sediment Avas suspended in sterile distilled ivater and 
treated the same as sputum. 

Throat Sivabs. — The swab Avas placed in a tube containing a small amount 
of sterile distilled Avater, and an equal amount of oxalic acid was added. The 
tube Avas shaken vigorously and incubated at 37° C. for forty-five minutes. 
The liquid AAms filtered through sterile cotton and cultured. 

We have cultured in this manner 1,108 specimens and the I'esiilfs are sum- 
marized in Tables I and II. 


Table I 

Speclaiens Necatja’e on Smear Examination 



total 

BORDET-GENGOU MEDIUM 

LOWENSTEIN MEDIUM 

SPECIMEN 

COL- 










tured 

POS. 

NEG. 

CON- 

TAM* 

% 

POS. 

POS, 

NEG. 

CON* 

TAJT. 

% 

POS. 

Bpatum 

Tissues 

Pus 

Pleural fluid 

Spinal fluid 
Afiscellaneous 
fluidst 

Stomach contents 
Throat swabs 

Urine 

716 

109 

39 

149 

6 

S 

14 

8 

59 

82 

26 

19 

61 

3 

0 

0 

0 

8 


44 

5 

1 

3 

1 

3 

0 

6 

11.4 

23.5 
48.7 
40.9 
50.0 

0 

0 

0 

13.5 

73 

21 

21 

61 

4 

0 

2 

0 

6 

m 

1 

BS9 

10.1 

19.2 

53.8 

40.9 
66.6 

0 

14.2 

0 

10,1 

Total examined 

i,ios 

199 

S45 

64 

17.9 

ISS 

884 

iSt) i 


TOM' 
posmw 
ON BOTH 
ISOU 


NO. 

'IS' 

27 

23 

72 

4 

0 


] 3.4 

2i,T 

55.9 

45.3 

65.0 

0 


•There were some positive on one meaium ana v.. ...- 

number of positive is greater than on either one of the media. 

tAbdominal fluid, knee fluid, bursitic fluid, scrotal fluid, hydroce le 

The largest percentage of positiAm results Avas obta-ined on 
pleural fluids, and spinal fluids, folIOAved, in the order given, y 
and sputa (see Table I). If one takes into consideration satisfactory- 

mens wwe negative on smear examination, the results seem «o . 

Growth of tubercle bacilli appeared on both media '^ays. 1”'' 

Aveeks; the average period of incubation Avas seventeen ^ ^ ^.j^cn tir 

few instances, growth appeared in nine to ten days- 0 ^ 
growth was very scant— one to tliree colonies on all the p ‘ 

J.ave chaugetl recently to 5 per cent oxalic acid with equally rood rc. 
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were not detected until four or five weeks of incubation. For this reason, no 
specimen was reported negative until the culture was incubated five to six 
weeks. A positive re.sult was reported to the physician as soon as typical 
growth appeared, which was confirmed by smear examination. When the growth 
was atj'pical but tlie smear of the colonies showed acid-fast bacilli, a pre- 
liminary report was sent to the pliysician and a final report was made after the 
culture W’as tested for virulence. All cultures of aeid-fast bacilli that were 
obtained from urine were tested for virulence, although most of them wore 
typical on colony morphologj’. 

The growth of tubercle bacilli on the Bordet-Gengou medium was, in many 
instances, detected earlier than on the Lowenstoin medium. The young colonies 
on the Bordet-Gengou medium are pearly in appearance and stand ont more 
clearly against the dark background of the medium. 


Table II 


Comparison op the Growth on the Borpet-Genoou and tiil Lowenstein Media of 234 
Positive Cui.Trt:rs 


SPECIMENS 1 

BORDET-GENGOU SIEPIUM 

LOWENSTEIN JIEDIUM 

153 1 

30 

10 

18 1 

1 1 

16 1 

Positive 

1 to 10 colonies 

Fairly good growth 
Negative 

Negative 

Contaminated 

Positive 

Negative 

Negative 

1 to 3 colonies 

Fairly good growth 
Positive* 


Positive on tho Bordet-Gengou medium 109 
Positive on the Lowenstein medium 1S8 


•Six of these specimens had 1 to 4 colonics. 1 had scant growth, and 9 had good growtli. 


Comparing the results obtained with tho two media, wc find that more 
specimens were lost through contaminations on the Bordet-Gengou than on the 
Lowenstein medium (Table I). This is not surprising sinee the Bordet-Gengou 
medium has no inhibitory substances, wliereas the Lowenstein medium contains 
0 dye which restricts the growth of some of the contaminants. However, in 
spite of the greater ioss of specimens through contaminations, tiie total number 
positives on the Bordet-Gengou medium was greater than on tlie Lowenstein 
medium (see Tables I and II). If the pathologic material for culture could 
be obtained without undue contamination, or if the specimens could be cultured 
soon after they are obtained, the Bordet-Gengou medium could be used alone 
with excellent results.* We cultured 279 miscellaneous specimens from October, 
1337, through December, 1938, and of this number we lost only 6 specimens 
through contaminations. 

The use of both media had the advantage that in some instances growth 
"os obtained on the Lowenstein medium when the Bordet-Gengou medium was 
"ogative or contaminated (Table II). Of 81 specimens that were positive on 
mdy one of the two media, 46 were positive on the Bordet-Gengou and negative 
on the Lowenstein medium, 19 were positive on the Lowenstein medium and 
"ogative on the Bordet-Gengou medium, and an additional 16 specimens were 
on tlie Lowenstein medium when the Bordet-Gengou medium was over- 


Crampon, anil Graux” conarmeil flan’"'* ,5;“" J'fW' ,<» ‘'w '■.•.luo of tl,c 
Lpfigou medium in the Isolation of Imnian and hoMne tubereje bacilli. 
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grown by contaminants. Tims an additional 35 specimens were found positive 
by using the Lbwensteiu medium in addition to the Bordet-Gengou medium. It 
would, therefore, be advisable to use both media if they are available. Tlic 
use of more than one medium has been recommended by Whitehead’" recently 
when he tested several different media. He found that Petragnani’s medium 
gave much better results than the Lowenstein medium. In our hands, the 
results on both media were approximately the same. 

We found the Bordet-Gengou medium especially advantageous because 
it is an inexpensive medium and both the human and bovine types of tubercle 
bacilli grow well on it. It is easily prepared and can be kept in the icebox 
almost indefinitely if it is stored without adding the blood. It may be stored 
for several weeks xvheii the blood is added, but after that it tends to become 
dry and is less favorable for the groxvth of tubercle bacilli. This medium was 
prepared according to the original formula^ until about one year ago, when we 
began using the modification of the Bordet-Gengou medium that was recom- 
mended by the Committee of Standard Mctliods of the American Public Health 
Association.” We found that the growth of tubercle bacilli on the modified 
Bordet-Gengou medium was more luxuriant than on the original medium pro- 
vided approximately 30 per cent of normal blood xvas added to the medium. 
We use normal horse blood because it is readily available in our laboratorie.?. 

The Lowenstein medium xvas prepared according to the original formula, 
The only change made xxms that xx'e use 1.5 per cent malachite green instead of 
2 per cent Congo red. 


SUMMARY 


Cultural diagnosis of tuberculosis instead of guinea pig inoculation as 
been employed in our laboratories for the past five and one-half years, n ' 
those specimens xvere cultured that xx’ould ox’dinarily have to be injecte ino 
guinea pigs, that is, those that could not be diagnosed on smear examinations, 

A total of 1,108 specimens of sputa, tissues, pleural fluids, pus, urines, 
other pathologic materials xvei’e cultured. Each specimen xvas 
smear, and tlio-se tliat xvere negatix’e xx’ere cultured on the Bordet- eUnOU 
Loxx'enstein media. . . > 

The largest percentage of positive results xvas obtained on cnltinino 
fluids, spinal fluids, and pus — 48.3 to 66.6 per cent. Tissues xxeie posi 
24.7 per cent, sputa in 13.4 per cent, and urines in 16.9 per cent ^ 
Positive cultures xvere obtained xxdthiu txx'o to three weeks, xxiti 
of sex'enteen to eighteen days. Occasionally a positive seant 

in nine to ten days, and in a f exv instances, xx'here the groxvl i x\as^ 
it xvas not detected until the culUxre xx'as incubated for four to x ^^5 
the cultures xvere negative after fixm to six xx^eeks’ f ° / jpgiibaiio” 

obtained on longer inenbation. We, tlierefore, made the peiio 


five to SLX xveeks. on 

aiore positive cultures xvere obtained on the Bordet-tTCi „ 

Loxvenstein medium, hut occasionally groxvth of tuberc ^ ^ j gativc of 

on the Loxvenstein medium xvhen the Bordet-Gengou mednim xxas 

overgrown by contaminants. 
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COXCLUSIOX.S 

1. Cultural diagnosis of tu])ercnIosis on the Bovdet-Geiigou and Lowen- 
stein media has been found practicable, and the results obtained compare favor- 
ably witli the results that we obtained formerly on guinea pig inoculation. 

2. The Bordet-Gengou incdiuin has the speejal advantage that it is inex- 
pensive. It can 1)0 kept for a long time, and tubercle l)acilli of both tlic human 
and the bovine type grow well and characteristically on it. Its main disadvan- 
tage is that it has no inhibitory action on coiitamiiiaiifs that resist acid or alkali 
treatment. It is, therefore, advi.sablc to u.sc another medium that has iiiliibit- 
ing substances in conjunction with the Bordet-Gengou medium- The Lowen- 
stein® medium has been u.sed with good I’esults. If tlie pathologic material could 
he obtained without undue eontaminatioti, the l><»rdet-Gcngou medium could 
be used alone with excellent result.'?. 
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COVER SLIP DISPENSERS 


Earl E. Ecivel, B.S., Johnstown, Pa. 


’ I ’HE machine illnstrated in Pig. 1 was designed as an aid in Imiidling 
A cleaned cover slips. The cover slips are ejected singly in a position to be 
easily" grasped b}" the edges witliout smearing tlie cleaned surfaces. 

In essence the maeliine is composed of a plunger of correct thickness, run- 
ning on a horizontal plane through a box containing cover slips, the edges of 
the box being raised sufficiently in tJie direction of motion of tlie plunger to 
allow only one cover slip to be pushed out of the box by the forward motion 
of the plunger. Prom the illustration, the construction can be easily followed. 



The box holding the cover slips can be cut out and bent to s lap^ 

scrap pieces of light gauge stainless steel or monel metal from a jje 

The edges nnder wliieh the plunger and cover slip run must, o ® 

parallel with the base. The bolt holes in the box should be [iginiit 

that the slit for the emerging cover slips can be adjusted to t e slip, 

The inside dimensions of the box must not be much larger t mn i 

IS an «“= 


me inside dimensions oi tne oox must not oe muon 

but the height is a matter of choice. Not visible in the ilhistra 

extension of one side of the box, about two-tliirds of the heig J , pic 

. . „ . 1 ,; ...a nnVPT IS auiltinn 


to facilitate insertion of the cleaned slips. A liinged co^el is a 
liox to protect the slips from dust. ■ . It is 

The base must be rigid and conform to the size of the box. 
liest made of a piece of eliannel bar of tlie correct size. le 
base must be square and smooth. 

^rom the laiboratory of the C. V. Memorial Hospital, JolmstoT^n. 

Keceived for publication, August 14, 1939. 
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The iilunger, o£ which only tlic knoli is visible, is tlic O.OOG inch blade of a 
thickness gauge, soldered at the biiek end to a heavier piece of metal. The 
front of the hlade, the width of the hox, must be free to slide through the box. 
The blade must he sufficiently long and not too pliable. The heavier block lends 
rigidity to the plunger and is arranged so that its front edge against the box 
acts .as a stop to forward motion. A serew in the proper place in the hack 
of the base is a stop to backward motion. On the heavier block is soldered a 
knob to facilitate moving the iilunger. 

The runway is merely two pieces of angle adjusted to fit the heavier block 
of the plunger and soldered on the base. The .solder can doubtless he applied 
more smoothly than that shown in Pig. 1. There should be compar.iticela- 
little horizontal or vertical ])lay in the plunger 

A pin is soldered on either side of the back and the base as an anchor for 
a spring (ruhher band) which returns the plunger to position for another 
stroke. 

By adjusting the slit at the base, either Xo. 1 or X'o 2 cover slips can be 
dispensed. 


THE IDE TEST FOR SYPIIIEIS 


Bruce R. Powers, M.D., Knoxville, Tenn. 


POhLOWINCi the publication of a report on a simple to.st for syphilis, as 
^ devised by Dr. T. ide and Dr. S. ide' in tins .Tourn.vl August, 1936, an 
attempt has been made to evaluate this test in general practice. 

The Ides state that the test has special advantages in that with only one 
di'op of blood and a simple tcchui(|uc the result can he read cle.irly by the 
roloring under the microscope. It can he made in a few minutes’ time in the 
‘'■''aminhig room. They state that the accuracy of the test compares favorably 
"ith the Wassermann, Jleinioke, Sachs-Georgi, Kahn, and JIuiata. The test 
fan be performed with blood serum, whole blood, spinal fiuid, and serous exudate. 

The desirability of a simple test for syphilis is apparent. A test that can 
' done quickly, accurately, and inexpensively would he of gre.at value to tie 
' practicing physician without a large laboratory. It would certainly he a boon 
' Ike physician practicing in the eountiy, who, Ihongh having acMss to la lora- 
‘ 'mies miles away, would find a test of this type c.xccedingly helpful. Tlic test 
' ’^f^frihed herein approaches in simplicity a routine urinalysis. 

A few evaluations of this test have appeared in the literature, hut the 
as given arc somewhat conflicting. Jtost of the reports seem to have come 
'ram laboratories where standard serologic tests arc also done Thus if this 
v,-ilue, its agreement with standard tests should he higher than the 

Pecelvca for publication. August 17. 1939. 
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results obtained by one who is untrained in serologic work. Tiie test as out- 
lined, however, is for the benefit of the latter worker as well as for serologic 
experts. 

The British Medical Jotirnal,^ in an editorial, state that the test seems 
worthy of trial. They raise the warning that it is doubtful whether a serologic 
test for syphilis is yet sufficiently foolproof to be removed from the hands of 
the experienced pathologist. They point out that even the simplest tests liavc 
pitfalls, not only in the setting up of the reaction, but also in the reading and 
interpretation of the results. 

In 1,262 tests the Ides^ obtained 1,126 negative Wassermann reactions, and 
1,140 negative Ide tests. One hundred nineteen persons gave strongly positive 
Wassex’mann reactions, and 116 gave strongly positive Ide reactions. They 
obtained no false positive Ide tests. 

Rein and Hazay® have modified the Ide test by inactivating sera at 56' 
C. for thirty minutes. The 3 ’' have also used slides similar to those used in the 
Kline test. Of 482 nonsyphilitic persons whose sera gave negative reactions 
ivith the Kline diagnostic and exclusion test, 92.11 per cent gave negative 
reactions with the Ide test. Of 555 syphilitic sera, there were 2.88 per cent 
disagreements. Thej' conclude that the Ide test has been found to be somewliat 
less sensitive and less specific than the Kline heated serum tests. 

Flood and Moyer^ found that 51 per cent of the Ide tests agreed uith the 
standard tests performed on 565 specimens of syphilitic sera. Of the tots 
822 Ide tests they performed, there was agreement with controls in 61 pci cen . 
They are at a loss to explain these results. They conclude that the I c t® 
is inadequate for the serodiagnosis of syphilis. 

Breazeale, Greene, and Harding,'^ in a large series of cases 
that the Eagle, Ide, Kahn, Kline, and Langhlen tests are equally reliable it 

user adheres to the recommended technique. _ i the 

Demanche and SegoP believe that the Ide test is less sensitive t jan 
Wassermann, Kahn, and Meinickc, and is less precise. They belieie la 
test should be checked by more exact methods. (Series 295 eases.) 

Our report is based on 210 tests carried out in a small office, vith no sp 
laboratorj’- space. Routine blood counts, urinalyses, and smears are 
onty laboratorj" procedures regularlj^ done in the office. 
to conduct the test is inexpensive or already in the ph.vsician s 

We assembled two 1 e.c. pipettes, graded in hundredths of a cu 
meter, two hanging-drop slides, cover slips, medicine dropperSi 
a small test tube for the diluted antigen, and small quantities o 
and 3.5 per cent saline solution. We used a microscope for iw 

The procedure used has been outlined in the original ai ® ^ ^^^(5 jisw 
used on whole blood, serum, and spinal fluid. The majoiitj o^^^^ gpjjjjlar ck' 
been carried out, using serum which has been separated fiom 
ments either by centrifuging or by standing. ^ . . I -om a suppb' 

The antigen used was purchased commereiallj" carried oaf 

by the Ides. The more recent tests harm frequently b 
both antigens. The antigen has been kept at room temper ^ 
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the method for preparing the antigen is described, its preparation seems too 
involved and time-consuming for tlie individual who might best use tlie test. 

In brief, the procedure of the test lias been to prepare tlic diluted antigen 
(0,2 e.c. of stock antigen with 0.6 c.e. of 2.5 per cent saline solution) imme- 
diately before it is to bo used. Wlicn we have had only a veiy few tests to 
make at one time, we have used 0.1 e.c. of antigen to 0.3 c.c. saline, witli no 
variation in the results wlicn checked by the full quantity of antigen and 
saline solution. 

A drop of whole blood is placed on the hanging-drop slide and mixed with 
a drop of 3.5 per cent saline solution, and then spread over the depression. To 
this is added a drop of the diluted antigen. If blood serum or spinal fluid is 
used, the dilution with saline is omitted. The slide is then shaken so as to 
thoroughly mLx the antigen and the blood or seium. This should be read at 
once. IVe have not used cover slips on the iircparations as they seem to be 
in the way, and the amount of drying and ovapiu-ation is slight during the time 
nece.ssary to mix and read the preparation. 

A total of 210 Ide tests have been made and cheeked against IVasscrmanii, 
Kalm, and Kline tests. The majority of the M'assermann and Kalm tests 
have been made in the laboratories of the Knox\ilIc ti'cuoial Hospital or in the 
laboratories of the Bureau of Health of Knox\ille A few tests have been 
made private laboratories. Sera have been obtained from these laboratories 
following the performance of tliesc standard tests, land tlie Idc test then made. 
I have adhered closely to tlic technique originally onilinei] ns tlic test could 
liardly be simplified. Tlie results obtained arc shown in Table I 


Table I 


m 


HiBi 


Kalin 

7o 


Negative 


ide 

24 

Positive 

Wassorniann 

17 

Kahn 

0 

JClme 

1 

Positive 


Ide 

8 

.Negative 

Wasserniann 

5 

Kalm 

3 

Klino 

Positive 


Lie 

S 

Positive 

Wassermann 

4 

Kalm 

4 

Kline 

Negative 


Ide 


Doubtful 

Wassermann 

Kahn 

Kline 

Doubtful 


■ — . 

- 


1 




— 


SUMMARY 

1. The Me test for syphilis is considered cliiefly from the standpoint of tlie 
Pl'J'sieian irithont extensive laborator 3 ' facilities. 

2. A brief review of the literatnre is given. 

3. The results of 210 Ide tests as compared witli an equal number of 
standard serologic tests are given. Total agreement was 92.39 per cent. The 
number of false positive Ide tests was 4.57 per cent. The number of false 
nagative Ide te.sts was 25 per cent. Eight negative reactions in a total of 32 
P0.sitive AVassermann or Kahn reactions are a large margin of error I do not 
lielieve the test sufficiently sensitive and speciOc to be wiioliy relied upon for 
"le aorodiagnosis of sj-philis. 

I am InilebtcJ to Dr. Thomas n. Diinnon tor Ills a-ssIsWncc In n-art ot tills work. 
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THE CONCENTRATION OF TUBERCLE BACILLI PROM SPINAL 
FLUID BY MEANS OP CHEMICAL FLOCCULATION AND 
LIPOID SOLVENTS'-' 


John IT. Hanks, Ph.D., and Harry A. Feldman, M.D., Washington, D'C- 


\X/ ^ have shown that the eolleetion of tubercle bacilli from aqueous suspeiv 
» V sions, sputum,^ or urine" by direct centrifugation is much less efficient 
than might be expected in view of the relative ease with which otiier bacteiia 
are sedimented by tliis method. For example, after centrifugation of sliglijl' 
positive sputa for one hour, chemical flocculations revealed that many hac'l!' 
remained in the supernatant fluids. The incorporation of 0.2 per cent aiiini 
in the usual 4 per cent sodium hydi-oxide digester for sputum, and flocculation 
of the alum by neutralization prior to centrifugation for five minutes, increasei 
the effectiveness of concentration from sputum. . . 

In view of the importance of concenti’ation methods in the diapiosis an 
control of tuberculosis, these studies have been extended to an examination o 
the collection of tubercle bacilli from spinal fluids by means of several o 
methods in current use, and especially by means of chemical flocculation am 
lipoid solvents. 


METHODS 

Two kinds of material were studied: a series of “synthetic 
spinal fluids prepared for the study of various technical problems, an 
of spinal fluids submitted for baeteriologic confirmation of the clinica la^ 
from persons suspected of tuberculous meningitis.-t rjlfon of 

The sjTithetic tuberculous spinal fluids^ were prepared bj a ^ * 
known amounts of elnmp-free, preconnted suspensions of human type ^ 

•From the Department of BacterioIOEj-, Hygiene onG Preventive MeCivi 
Medicine, the George Washington University. Washington, D, C- 
A cooperative project witii the V. S, Public Health Service. 

Received for publication, August 21, 1939. . , 

tWe are indebted to the Clinical Laboratory, Dr. H. hospR^il recon^ 

of the Children's Hospital, for these specimens and for information irom 
each case. _ . s 

$The usefulness of such materials in studies of this is V Vr? 

predated. The bacillary content of the "synthetic” bv quantitative coun^j 

measure of the actual degree of concentration may co!leclinS,,P,';Vfand Gi" 

suspension, free of clumps, provides the most ”Swm'.?.„a h/the chance distrlbu on ana^^,. 
mernod. At the same time one avoids the errors Introduced bj tlie iai porm^ 'he 
ruption of clumps. The ”sj-nthetic” fluids be P^red m a^^^^ aPPf Ki'I 

taneous testing of any number of methods. By means of this expe jpcreased po-' 
sible not onlv to select the better methods li-ot also to indicate 
demonstrating the bacilli by a concentration factor. 
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tubercle bacilli to jiooled norinal spinal fluids. Tlic method of suspending the 
bacilli, tlic separation of the individual bacilli from the clumps, and the pre- 
liminary standardization ])y turbidity, have been given elsewhere. ‘ These suspen- 
sions were lieated at 80° C. for fifteen minutes in the presence of 0.2 per cent 
formaldehyde. This procedure did not alter the microscopic counts. The heated 
suspensions were stored in the icebox for several weeks without loss of acid- 
fastness and with negligible clumping. Nevcrtlieless, each suspension was 
counted prior to its use in each expcidment. 

The microscopic method of counting the bacilli consisted of mixing the 
baeillarj' suspensions, or the sediments after concentration, with an equal volume 
of alum milk (Difeo dehydrated milk 5 per cent, alum 0.5 per cent, formalde- 
hyde 0.2 per cent) and spreading 0.02 c.c. of tliis mixture on carefully stand- 
ardized areas of 2 by 2 cm. on clean glass sluies in duplicate. The films were 
dried, fixed witli heat, and stained by immor>!oii in Ziehl-NeeLsen carbolfuchsin 
at 37° C. for thirty minutes. Staining, decttlorizaf ion, washing, and counter- 
staining (methjdene blue or picric acid) were carrioil out in jars to avoid the 
slide losses induced by the action of running water on tlie films. The stained 
films were examined by counting the bacilli in leu <»r more fields selected in 
orderly fashion along each diagonal of the film.s, so that -tO or more fields were 
observed in each determination from the two films. Data on the distribution 
of bacteria in such films and on the quantitative aspects of microscopic count- 
ing tvill be presented elsewhere.^ 

In tlie various experiments the original suspensions revealed from two to 
sbe bacilli per microscopic field before being added to tlie pooled spinal fluids 
in such amounts that the final dilution was 1 :100. Tlie number of bacilli which 
might be anticipated per field in the unconcentrated fluids (0.02 to 0.06 bacilli 
per field) was regarded as unity. The average number of bacilli counted per 
field after concentration represented a multiple of the value of unity eacli 
experiment. This multiple, to be designated as a conceniration factor, indicates 
the degree of concentration. It affords a simple means of comparing the effec- 
tiveness of different methods. All clumps xvere scored as single bacilli. 

For each experiment a sufficient amount of the “synthetic” tuberculous 
tiaid was prepared to provide 2 c.c. portions to be concentrated by each proce- 
(iure. These tests were carried out in small tubes in order to simulate the con- 
tritions of manipulation and centrifugation encountered in small clinical speci- 
mens. Tlie methods of concentration arc classified and summarized as follows. 

■A. Centrifugation; 

1. Cheer’s alcohol method”— Addition, by drops, of one-third to 
one-half volume of alcohol and, if needed, a small amount of egg 
albumen to produce precipitation. Centrifugation as desenbed un- 
der Direct centrifugation. 

2. Direct centrifugation— Centrifugation for one hour at a relative 
centrifugal force of 500 times gravity; sediments smeared in 
approximately equal volume of alum-milk fixative. 
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These procedures are widelj’- used at the present time and, in this 
sense, may be regarded as controls."® 

^. Flocculation Methods: Centrifugation for five minutes; sediments 

mixed with an equal volume of alum-milk fixative. 

1. Alum — The 2 e.e. specimen was pipetted forcibly into 0.25 or 

0.5 c.c. of 1 per cent aqueous solution of potassium alum. Floc- 
culation Avas prompt but slight. 

2. Calcium jihosphate — 0.1 c.c. M/10 calcium chloride and then 0.1 
c.c. M/15 dipotassium phosphate Avere added to the fluid during 
constant shaking. 

3. Ferric chloride — 1 per cent aqueous solution of ferric chloride 
was added drop bj’' drop (Avith continuous shaking) until floc- 
culation Avas observed. 

C. Liiwid Solvents: Centrifugation for five minutes; the collected 

materials could not be mixed Avith milk fixative. 

1. Chloroform— 0.05 c.c. Avas added to each 2 e.e. specimen. The 
tube Avas shaken A'iolently for ten minutes; the entiie sedimen 
beneath the discarded supernatant Avas used. 

2. Xylol — Procedure as above; the supernatant creamj lajei "os 
used. 


RESULT.? 

Inasmuch as the studies in the “synthetic” 
features in several of the foregoing methods, these difficulties vi 
first in order to limit the discussion to the more useful procedures. 

Cheer’s method was more troublesome than direct centnfuga ion 
several alternate additions of alcohol and egg albumen Aveie liv 

suits Avere frequently inferior, perhaps because of the i u 
the reagents. It has been noted that the collection time oi 

fugation methods Avas one hour. ^ separate «• 

The calcium phosphate method AA'as disqualified because a 
agents Avere required and because the sediments did not occiu'i'rf 

alone or witli the milk fixative. Sudden, voluminous ‘ g^-gctivc 

frequently AAuth ferric chloride. The large sedimen s ™ ® chloride deterk- 
concentration. Furthermore, the 1 per cent solution of feme 

rated on storage. . -jh tlian fl'^ 

The xylol flotation method apparently collecte ev ‘ ^ the 

1..1 rl not be skimmeu 


The xylol flotation method apparently collecte caa the 

chloroform, possibly because the xylol cream cou j-ating 

centrifuged sample Avith ease or ^ ‘ a 'clear solution, sud' 

„„t be assigned. Since the chloretom /*?” k smeared «!I. >■ 


not be assigned. Since the chloroform f smeared avcH. 

as spinal fluid, Avere not objectionable because of debus, s„pernata«i 

“dd be recovered eompletely tom the ‘"'f 1 1>e «e .t <»»•; 

fluid this method Avas preferred to the xylol flo apparentlj, « ‘ 

eotont, the nee reihr hnotive eves 

■ ^Isolated observations on the possib^it^ of demon 
have been discouraging. 
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iiccessaiy. A peculiarity of the lipoid solvent methods was tliat the collected 
materials could not be smeared if collcotion was made from formalinized spinal 
fluids in tlie neutral or alkaline range of pH values. This difficulty was 
overcome by the addition of two drops of bromcrcsol green color indicator and 
sufficient N/1 hydrochloric acid to produce a green or yellow color (pH approxi- 
mately 4.5 to 4.0). 

In Table I are shown the average concentration factors for the two most 
satisfactory methods (alum and chloroform) and the control method of direct 
centrifugation. The values are bas*ed on four of the experiments in which the 
most reliable comparisons were obtained. 


Table I 

Average Concentration* Factors for Thkh Important Methods 


METHODS 

CENTRIFUGATION TIME 

CONCENT! iTiON 

FACTOR REMARKS 


Centrifugation 

1 hour 

.x25 


for 

Alum 

5 minutes 

S92 

To be recommended 
cultivation 

Chloroform 

5 minutes 

xl02 

To be recommended 
microscopic work 

for 


On the basis of simplicity and effective concintration. the alum and chloro- 
form methods were superior to all othci’s. There was no signiticaTit difference 
in their collecting ability from "synthetic” tuberculous fluids tree of clumps of 
bacilli. In the meantime, however, a studj* of the specific problems encountered 
in spinal fluids from tuberculous meningitis indicated that each procedure may 
serve a special purpose, depending on wlicfher diagnosis is to be carried out 
by microscopic methods or by cultivation and animal inoculation. 

The gi'eat freciuency with which clumps occurred in clinical specimens is 
illustrated in Table II," which shows detailed records of the distribution of 
bacilli collected by flocculation mcthod.s from four of the spinal fluids from 
tuberculous meningitis. These examples reveal that more than 200 bacilli were 
seen in clumps while only 13 were encountered as individual bacilli. Similar 
observations have been made by other workers; for example, Boyd'^ states 
that . the bacilli arc gathered into little clumps as in the urine. . . . 


Table II 

The Frequency of Bacillary Clumps in Spinal Fluids Froji Tuberculous Meningitis 
AND THE Potential Advantage of Distributing These Bacilli 


FIELDS 

rosmvE 


2/108 

5/170 

7/co 

3/20 


number of clumps and single BACILLIj 
IN EACH POSITI\*B FIELD* 


CS, Cl4 

Is, Is, Is, Is, C>50 

cS, Is, 2s, c3 and 3s, c5, 2s, cl2 

Is, c4, c>100 


BACaLI IN 

clumps 


22 

>50 

28 

>105 


BACILLI 

SINGLE 


POTENTIALLYt 

POSITIVE 

FIELDS 


1 m 5 
1 in 3 
1 in 2 
100 per cent 


that <4 


Incidental observations on the clinical samples also suggested that chloro- 
form concentrates contained fewer bacilli as clumps than did centrifuge or alum 
sediments. Since the alum and the chloroform methods were approximately 
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equal in their ability to collect unit masses of bacilli, their action on dumped 
suspensions was compared. “S 5 aithetic” tuberculous spinal fluids were pre- 
pared from bacillary suspensions which, ivhen examined microscopically as 
hanging drops, revealed frequent small clumps. The tubes containing tlic 
alum precipitation samples were also shaken for ten minutes according to 
the routine method for the chloroform procedure. The concentrates prepared 
by each method were divided into two parts. One was smeared directly and 
the other was subjected to grinding for three minutes before being smeared. 
It was observed that dui'ing the shaking period the chloroform was entirely taken 
up in the sample. An additional 0.05 c.c. was added before recovery of a 
chloroform concentrate was possible. 


Table HI 

Comparison of the Clump-Breaking Ability op Alum and Chloroporm, as Mownra sr 
Mechanical Grinding op the Concentrates 


METHOB 

GRINDING FOR 
THREE MINUTES 

POSITIVE 

FIELDS 

BACILLI IN 
CLUMPS 

BACILLI 

SINGLE 

TOTAL 

BACILLI 

Alum 

- 

6/20 

65 

6 




8/20 

39 

5 


Chloroform 


18/20 

0 

61 




10/20 

0 

68 



The results summarized in Table III indicate that, in spite of clumpj 
distribution, there was a reasonable agreement in the total number of 
collected. Nevertheless, the shaking and the mechanical grinding of the con 
eentrates did not distribute the clumped bacilli collected by tlie alum proce ««■ 
These observations, together with the increased requirement for “'f' 
indicate that this reagent itself was responsible for the disruption o 
clumps. Pottenger’s eaiiicr conclusions" concerning the action of hpoi ^ 
vents on clumps of bacilli in clinical specimens were amply confirmed. 

The examination of the spinal fluids from tuberculous 
carried out whenever material was available during the course of t ic s 
Consequently, the flocculation and lipoid solvent procedures weie 
several times in order to clieck the i-esults of the experimental vor' or^J^ 
prove the results in the diagnostic trials. Because of the small 
spinal fluid, we hoped that the results of centrifugation in the bospi a 
tory could be compared with those obtained by the concentration pj 

studied. Unfortunately, such a comparison was not justified on ac 
differences in the staining quality of the earbolfuchsin employe m 


laboratories. 

Thirteen spinal fluids from 11 persons proved to have pj- picsc 

gitis were examined by one or more of the methods investigate . ^ 
were examined by culture only and were positive. One was jp 

scopically but positive on cultivation from the or 

fluids remaining, 7 were positive by one or more of tlie no ■ 
solvent methods. Of the 3 microscopically 
from persons who gave microscopically positnm ® 

(these two repeats account for the 13 fluids from Up > 
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obtained from a patient in extremis and further examination of tliis person 
was not possible. At necropsy tlie entire brain was found to be encased in a 
gelatinous exudate which covered the tubercles in the meninges. 

In one spinal fluid, which was positive by direct centrifugation also, a 
comparison with the results obtained by the use of chloroform was interesting. 
Forty-three fields were examined in smears obtained by each method. In the 
sediment obtained by centrifugation, one positive field contained two bacilli, 
while in the chloroform concentrate there were 12 positive fields. The observa- 
tions in these fields are presented by the system employed in Table II, as follows : 
Ss, 3s, Is, Is, Is, Is, c6, Is, Is, 3s, Is, Is, or a score of 23 bacillary units in 43 
fields. 

It must be emphasized that, although tlm observations in the “.synthetic” 
fluids were supported by the result.s in the elmiral materials, the latter did not 
I)rovidG an adequate means of assessing the lelativo value of collection methods. 
The amounts of material were too small for tosting ail tlio methods, and tlie 
bacillary content was too low and variable to ))crmit significant coniparisons. 
For the present, the experimental work constifutos the chief justification of this 
report. 

DISCUSSION 

Although the clinical specimens were too few to Justifj’ furtiier comment 
oil practical results, tlie work with alum and chloroform in tJic experimental 
trials showed that these procedures consistently collected more bacilli than 
Cheer’s alcohol method or direct centrifugation; the average concentration fac- 
tors were approximately four times higlier. 

The alum and the chloroform mctliods collected unit masses of bacilli 
equally well, but the chloroform was shown to be definitely superior in dis- 
rupting the clumps which occur so frequently. This metliod produces more 
positive fields and is suggested for microscopic diagnosis. The procedure rccom- 
uiended for qualitative purposes is as follows; 

Chloroform Method for Microscopic Diagnosis 

1. To each 2 c.c. of spinal fluid, add 0.05 c.c. (or 4 drops) of 
cliloroform and shake violently for ten minutes. Sec special in- 
structions for formalinized fluids. 

2. Centrifuge at top speed for five minutes; discard supernatant 
fluid. 

3. Smear entire sediment without added fixative, heat fix, stain 
with earholfuchsin, and decolorize. Use methylene blue or jiicric 
acid coimterstain according to the density of the smears. 

The passage of acid-fast bacleria from water to oils and lipoid solvents 
'S 'veil established. Eeferences and recent information appear in a publication 
I'y Heed and Bice.* Ligroine,* xylol/” and chloroform” have been used m 
wncentration methods for sputum. Fottcngcr’s data' on the re.soliition of 
haeillary clumps by lipoid solvents were confirmed in our experience witli 

'^Moroform. 
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Inasmuch as the presence of clumps is perhaps favorable to cultivation or 
animal inoculation, and since practicall}'^ the same number of bacilli in tok 
are collected by alum and by chloroform, it was concluded that the alum 
concentrates should be chosen for cultivation or animal inoculation. The recoai- 
mended procedure follows: 

Alum Flocculation Method for Cultivation or Animal Inoculation 

1. Pipette the specimen forcibly into an autoclaved 1 per cent 
aqueous solution of potassium alum*' (0.25 c.c. alum per 2 c.c. of 
fluid). Shake immediately for ten minutes. 

2. Centrifuge for flve minutes; discard supernatant fluid. 

3. Cultivate the sediment on 3 to 5 tubes of suitable medium or 
emulsify and inject into guinea pigs. 

For microscopic purposes the alum concentrates are superior to sedimenls 
obtained by direct centrifuging for one hour. They should be smeared in a 
very small drop of the alum-milk fixative and stained as previously indicated. 


SUMMARY AND CONCLUSIONS 


1. A study of the baeteriologic diagnosis of tuberculous meningitis hy 
means of chemical flocculation and by lipoid solvent methods showed that ahim 
and chloroform provided more effective concentration of the bacilli during five 
minutes ’ eentrifugation than was obtained by' direct centrifugation for one hour. 

2. For microscopic diagnosis it was important to distribute the elumpet 
bacilli as well as to obtain efficient concentration; for this purpose the ehloio- 
form procedure was superior. 

3. The alum flocculation method is recommended for cultivation or guinea 


pig inoculation. 
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TYPHOID FEVER, Intracellular Bacilli in Intestinal and Mesenteric Lesions of, Adams, 

J. W., Jr. Am. J. Patli. 15: 561, 1939. 

Gram-negative, intracytoplasmic bacillary forms, judged to be E. iyplA, have been 
found in the cytoplasm of young plasma cells Iwatcd in the lymphoid follicles of the ileum, 
colon, and mesenteric lympli nodes in 5 patients with eaily t%i»hoid fever. 

A method for staining intracellular bacteria is described. It is concluded that the 
presence of these bacillary forms within the plasma fell i-* an essential part of the early, 
classical, intestinal and mesenteric' lesions of typhoid 
Jfethod; 

1. Stain in Weigcrt’s iron-hematoxylin soluti"ii toi one imiiute or less, 

2. Wash in 50 per cent alcohol, acidulated to | p.>r cent hydrochloric acid. 

3. Stain in Goodpasture’s carbol-aniline-fii<’h*iii .srdution ft'C one minute. 

4. Decolorize in a 5 per cent aqueous sohition ot acetic acid until the red color 
disappears or the sections remain a light pink. 

5. Repeat steps 3 and 4 three timc.s. 

6. Wash in water. 

7. Stain in a 0.01 per cent light green solufioti. u<'idj!ated to 0 2 per cent acetic 
acid, for about one minute, or until the section ha*- a light gr»‘(*n hue. Avoid overstaining, 

S. Wash in water, di/Tcrentiate in 95 per cent alcoliul, dehydrate in ab.solutc alcohol, 
clear in xylol, and mount in bal.sam. 

The nuclei stain blackj the nucleoli, red; eytopla.^m, pale green; bacteria, brilliant 
red; red blood colls, red; other .structure.^, green. 

PANCREAS, Islet Cell Tumors of, Campbell, W. R-, Graham, R. R., and Robinson, W. L. 

Am. J. jr, 8c. 198; 445, 1939. 

Four oases of islet cell tumor of the pancreas and one cn.se of diffuse hyperplasia 
of islets \\ith hjpertrophy of islet cells are presented. 

A varied clinical symptomatology, dependent on the hypoglycemia, is shown, ^^hI 0 h 
parallels the results of experimental hyperiiisulinism in animals. From the mildest of 
isolated episodes, the attacks run a cour.se eventually resulting in marked mental deteriora- 
tion and degeneration of the nervou.s system; marked obesity occurs as the disease pro- 
gre«^es. Thus early diagno.sis and adequate treatment arc e*>pecially de.sirable, not only 
to prevent the unfavorable later lesults, but also to nvoid the increased technical difficulties 
encountered in later operation. While in mild diffuse hyperinsuHnism dietary treatment 
may suffice and the patient may revert to normal, the process in tumor cases is progres.sive, 
und nothing short of excision of the tumor will give the patient relief from his .sj-mptoms. 
The islet cells in these tumor.s exceed the mas.s of islet cells in the normal pancreas, and 
their insulin content is from 4 to 40 time-s that of the normal pancreas per gram, but 

in toto. The clinical sv'mptoms seem largely dependent upon uncontrolled secretory 
't‘:tivity of the tumor rather than upon continuous production of excess quantities of m.^ulin 
“util the later stages, when the latter factor plays a larger role. 

CL. Welchh, Observations on a Reaction Between the LethaJ Toxin of (Type A), and 

Human Serum, Nagler, P. P. O. Brit. J. Exper. Path. 20: 475, 1939. 

A reaction h dopcribed between the lethal toxin of Cl. iceWtH (type A) and the normal 
’'«^niaa ^erum in which the serum becomes opalescent. Wl.en the opnIe.«cent serum is centr,- 
a fatty niateriul rises to the .surface. 
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Tlie reaction is specificallj’ inliibitcd by Cl. wclchii antitoxin. 

The reaction can also be observed if Cl. welchii of any type (A, B, G, or 1)) is p-ow 
in a mixture of normal human serum and brotii. Tins cultural reaction lias been shown to 1« 
specific for Cl. welchii and specifically inhibited by Cl. welchii antitoxin. 

The lethal toxin of Cl. welchii (type A) can be titrated by means of the reaction, the 
activity of the toxin in bringing about the change in human serum running parallel to it? 
toxicity for mice. 

Cl. welchii (type A) antitoxin can likewise be titrated, the inhibiting action of llie 
antitoxin in vitro running parallel to its neutralizing action in vivo. - 

Technique. — Cultural reaction in human serum: Three-tenths cubic centimeter of a 
nii.xture of equal parts of inactivated human serum and nutrient broth is pipetted into 2 
test tube, of approximately 5 mm. internal diameter. Three-tenths cubic centimeter of the same 
mixture is pipetted into a similar test tube, to the contents of which is added 1 drop of 
Cl. welchii (type A) antitoxic serum, containing at least 20 units per c.c. 

Both tubes are inoculated with 1 drop of culture of Cl. welchii and incubated for sixteen 
hours in an anaerobic jar. AVhile the great majority of strains of Cl. welchii grow in pure 
serum, a small percentage will grow only in the serum-broth mixture. The latter strain 
do not readilj’’ produce a stormj' clot in milk, although b 3 ' all other criteria, hiologic anil 
serologic, thej' are true Cl. welchii. 

After incubation the tubes are examined. In the tube without antito.xin there is an 
obvious opalescence, with a fatty layer at the top of the medium. The bacteria are Kf” 
at the bottom of the tube, althougli in some mucoid strains they are suspended in the meduiw- 
If doubt exists wliether an opalescence in the medium is due to the suspended bacteria or 0 
a change in the medium, centrifugation will clear up the doubt. After centrifuga ion 
a fatty laj'er will be found at the top of the medium, and bncteri.a at the hettoni 0 
tube. In the tube with antitoxin the medium remains clear, with a sediment of bac cria. 


PNEUMOCOCCI, A New Method of Culturing Sputum on Solid 

Dioxide for the Isolation of, Auger, W. J. Brit. J. E.xper. Path. 20. j ‘ • 

A "sputum plate" technique for the isolation of pneumococci is present 
The stimulating effect of carbon dioxide on respiratorj’ pathogens, p- 
pneumococci, has been noted. . 

A maximum groxvtli of pneumococci in fifteen hours on blood agar plate P'’- 
with this method. The method follows: (Jchinnii" 

The sputum is collected from the nasopharynx in children or ,^ 05 , not 

adults, using the aspiration method. This latter method ensures that t e p.^^^ 
salivate instead of expectorate. The sputum is then washed in a e purulent 

10 to 20 c.c. of saline, which tends to remove mouth organisms an older 

particles containing the likelj" pathogenic bacteria. A fresh Woo ^ ^ 0 (ent 

than eighteen hours) is then inoculated. This culture plate consists 0 pnrlkl'’ 

nutrient agar, to which is added 1 c.c. of human or sheep's Woo . platininu 

is well stirred in the saline and then picked out, using a straig t jifcct smear. 1^ 
The size of this particle depends on the appearance of the sniall, ad 

there are numerous organisms present, the particle must be correspon guilable partid'h 

versa. The chief difficulty of the procedure lies in the selectxon 0 jPe part'd' 

it should be no larger than 2 mm. in diameter. If there is anj on particle i? 

being representative, the procedure should be carried out in up ' spreafleo 

then placed on the center of the plate and spread thinlj wi * initial 

spreading must be done carefully; the best method is to ma 'c w margin-"' * 

across the plate in one direction. The spreader is then arac , ‘ Kjclf 

initial streak are spread upon the rest of the plate. The stroking- 

be too thin or it will out the media, and it must be he f - sputum 

one is experienced, one-half or one-third of a plate is s 1 



ABSTRACTS 


895 


A piece of \ret blotting paper, about 3 by 3 era., is then placetl on the inner surface of (ho 
lid of the Petri dish. The blotting paper should be previously autoclaved and dipped into 
hoilinc water to prevent gross contamination of the plate. 

The plate is then placed with the blood agar side iipperniost in the bottom of an 
airtight container. In routine work ordinarj- 3,400 c.c. tin cans, with close-fitting lids, are 
used, hut for more accurate work glass or metal anaerobic jars are needed. Carbon dioxide 
is tlien introduced into the vessel containing the Petri dish. This gas is obtained from a com- 
tnercial c^dinder and is led off into a water burette (.300 c.c. capacity), and finally* introduced 
into the bottom of the container by means of a rubber tube past the partially opened lid. 
The actual amount of carbon dioxide introduced does not matter, since it is equally effective 
over a range of 0.5 to 25 per cent. This means that one should place a minimum of about 
100 c.c. of carbon dioxide in a 1,400 c.c. can to allow for leakage past the open lid. After the 
required amount of carbon dioxide has been introduced slowly into the bottom of the can, the 
tube is removed and the lid is sealed with adhesive tape. The container must be air- 
tight and then incubated for fifteen hours between .35” anrl .37” C. Before being used again, it 
should be washed with warm water. 

GLUCOSE TOLERANCE, Analysis of S83 Tests, Watson, B. A. J. Endocrinology 25: 845, 

1939 . 

A study of 583 routine glucose tolerance tests on patients with glycosuria is presented. 
The incidence of glycosuria in routine urine examinations was 1.14 per cent. No sex dif- 
ference was noted in the incidence of glycosmia or mean blood sugar values during the 
tolerance test. 

About 15.5 per cent of the patients with glycosuria on routine examination will have 
evidence of a definitely disturbed carbohydrate metabolism, os indicated by the glucose 
tolerance test. In this age group the mean blood sugar values during tlie tolerance test of 
the overweight group were lower than those of the normal weight group, and the normal 
weight group wore lower than those of the underweight group. Thus, obesity does not 
appear to predispose a disturbance of carbohydrate metabolism in this age group. 

The question of the importance of family Iiistory as a predisposing factor to the de- 
velopment of a disturbed tolerance and ultimate diabetes is raised, as subjects with a 
family history of diabetes had no higher mean blood sugar values during the tolerance test 
than did those with no such history. Only 17 of the 109 subjects with a family liistorj’ of 
‘liabetes had disturbed tolerance tests. It is noted that there were wide variations in 
individual responses to the glucose tolerance even in the so-called normal group. 

The suggestion made is that routine tolerance test.s on patients having glj’cosuria may 
le an aid to early diagnosis and treatment of a disturbed carboliydrate metabolism, thus 
presenting the onset of clinical diabetes. 

tuberculin test in the Control of Tuberculosis, Doiill, J. A. Am. Rev. Tnbcic. 40: 

034 , 1939 . 

It is a significant fact that, although there has been a tremendous decline in mortality 
from tuberculosis, there is evidence that the risk for household contacts has not been 
^‘Ppreciably reduced. The data of Downes, for example, indicate approximately the same 
niortaUty rates for those exposed in household and born between the years 1SC8 and 1897 
for those exposed and born during the period 1904 to 1913, As the disease declines, 
therefore, it is apparently more and more concentrated in the immediate environment of 
the open case. 

Surely, therefore, the field of action is becoming more sharply delimited. The popu- 
'ibon primarily at risk is, admittedly, not completely enumerated in any community. But 
^ Jarge proportion of these individuals are listed on liealth department records, being mem- 
’srs of families of those who are known to have open tuberculosis or of those known to 
‘a\e died of the disease. 

There is no place for diffuseness in the tuberculosis program. Nevertheless, time and 
^aney are being dissipated in many types of indirect effort. Only when a health depart- 
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meat has isolated in sanatoriums all its known open cases, when ail active cases not in iJie 
open stage are under medical care, when a high proportion of all houseiiold contacts are 
undergoing periodic medical examination, including examination by x-rays, when a system 
of financial subsidy is arranged for needy dependents of wage earners who have been at- 
tacked — onlj" then should any consideration be given to indirect methods not of establistiei 
value, such as that under consideration today. 


TTJBBEOTJLIN REAOTOKS and Non-Eeactors, X-ray Tindings in, Douglas, B. H. Am. 
Eev. Tuberc. 40: 621, 1939, 


In mass surveys the chief consideration should be the finding of active cases of tuber- 
culosis. The finding of evidence of inactive or obsolete lesions is of le.ss importance. 

The tuberculin test has long been known to be subject to certain errors due to anergic 
states that may develop under certain well-known conditions, such as during certain acute 
infectious diseases and in terminal states of tuberculosis itself. 

The x-raj’ examination has certain very definite limitations. Small lesions may be 
inaccessible and not seen. Its value is directly related to the experience and ability of 
the interpreter. 

Granting the presence of error, tuberculin has been useful in screening from the mam 
the few who should be further examined by the more expensive x-ray exaniinatiori. 

The tuberculin test is rarely negative in the presence of significant active tubercu- 
losis: 8 out of 500 persons, 7 of whom died. 

As surveys are conducted, and ignoring tire cost of an x-ray film, examination of every 
one in the group can be carried out with less inconvenience to those ex.aniined auduiti 
less missed cases than by using a preliminary tuberculin screening. 

There are several types of x-ray examination being used that seek to bring down e 
cost factor, fluoroscopy', sensitized paper, and miniature films; all are of some merit u 
none of them yet sufficiently developed to entirely' supplant tuberculin testing on tie ' 
of accuracy or economy'. _ _ , 

There is every' indication that one or more of these x-ray c.xamination me lo 
be developed to an acceptable point, and tuberculin will then be used as a diagnos^ 
in such piroblems as the determination of infection in infants and very young c ii k i 
in cases of atypical lesions in adults where tubercle bacilli cannot be found. 

The final word cannot be said on this problem as y'et, but even thoug our 
not perfect, we should not be discouraged in using them, standing ready to a op 
better ones when they' shall have been thoroughly' tested. 


BLOOD VISCOSITY, With Special Eeference to Capillary, Arterial 198; 

Venous Blood Specimens, Holljrook, A. A., and Watson, M. V. m. - ^ 

750, 1939. 

The conclusions to be drawn from this study and the reports in the 
bo given briefly' as follows; 

1. There is no correlation between blood viscosity' and color index. Yiscodfr- 

2. There is direct relationship between the number of erythrocytes am 

3. The normal, average, blood viscosity' value is about 5. • i as been produrf’^ 

4. The blood samples taken from a finger tip in which hyperemia i- 
(so-called “arterial” blood) give as reliable results as capillaiy , Irnml limits and hk«‘5 

5. There is no correlation between -venous pressure with 


viscosity'. 

6. Comparative studies of capillary, 
metliod gives entirely- satisfactory- results. 


arterial, and venous Woods 


indicate that fW-’ 
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the role op COENZYjMES I and II IN HLODT) op PERSONS WITH 
PNEUiAIOCOCCAL PNEr:\loNIA* 


R. AV. AHlter, ILD., AV. B. Bkax, jM.D., J. AI Ri'n;-E(i(iER, ALD., axd 
T, D. Spies, AI.D., Cixoi.nn \ti. Ohio 


IT IS known that pneumonia may procipitalc an oL’ nc-uto pellagra in 

* undernouriahed persons.^ A^cry recently, it has been showiP- ^ that the co- 
enzjTnes I and II are decreased in the blood of patients with clinical pellagra. 
Unpublished observations on 150 additional cases confirm tliis finding. The 
present report is concerned with a study of the concentration of eoenzymes I 
and n in the blood of patients with acute lobar pncninonui before and after 
tlicrap3’. 

METHOD 

Twentj’’ patients, admitted to tlic Cincinnati General Hospital witli typical 
pneumococcal piiGumonia of less tlian five days’ duration, and a control group 
of 50 normal subjects of comparable age, were selected for study. 

Determinations of the coenzymes I and II concentrations of the blood were 
made on these patients at the time of admission and before any medication was 
given. Each patient was then given cither type specific serum or sulfapyridine, 
••nd the blood of the patients was studied before and after crisis and during 
convalescence. The method used to determine tlic concentration of tliese co- 
onzj’mes is based upon the unu.sual growth requirements of B. influenzae for 
factors X (hematin) and A^ (pyridine nucleotides), and has been odequatelj 
<lcscribGd elsewhere.^ 

ODSERVATXOKS 

As can be seen by the distribution of the 20 cases in Fig. 1, the concentration 
of eoenzymes I and II in the blood of 17 patients with acute lobar pneumonia 

ami the Department of Internal Mc«licinc. University of Cincinnati Collcffo of Mcflicine. 

we Cincinnati General Hospital, Cincinnati. 

studies wore aided by grants from the John and Mary R. M.-irKIc Foundation and 

euser-Busch, Inc. 

Ueceivod for publication, Fcbiuary S. 1940. 
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was strikingly decreased. The concentration of the eoenzymes of the bloorl oi 
the remaining 3 patients was within the limits of normal, and 2 persons, mt 
included in tlie series since they died witliont crisis, had normal coenzyme con- 
contratmi per volume of blood Just before death. The average growth stimala- 
tion for B. inflummie of tlie blood of these patients on admission to tlie hospital 
Avas effective in concentrations of one part of blood per 2,000 parts of media. 
The growth could be supported, lionmAmr, in all blood dilutions by the addition 
of cither coenzyme I or coenzyme II. Within tiventy-foiir to forty-eight horn's 


Blood Coenzymes -Iaiid I ifi Pheum 


Number 

ot 



Pig-. 1 iJhistrates tlie distribution of the blood coenzymes I T^mi I! coticcnlraTr 
persons wHli lobar pneumonia before and after crisis. The tiie growth of"' 

are measured in terms of the highest dilution of blood yhxcli sup! o c 


influenzae, and are plotted against tlie number of cases. 


after crisis induced by serum or sulfapyridine, tlie Wood of a ^ 
supported growth at greater dilutions. In contrast, the average sio" ^ 
lation of the blood of the 50 nonnal persons for B. influoii-ae ^ 
dilution of 1 -.8,000. In 15 persons this dilution factor wa.s as Rr > 
and in 5, as low as 1 ■.4,000. In the normal controls the value ue'^ 

1 :4,000. Samples of blood taken from a nomal person over a pctio 
four hours showed little diuraal variation ; likewise, samples ta wn 
person over a period of several months showed little deriatiou 


inal values. ctocw.J"'- 

We are very grateful to Profes.'sor H. von SJto ’warburE!"kahc'' 

Sweden, for a. sample of pure cozymase; and to and pi"'<= 

stitut fUr Zeliph.vsiologle, Berlin-Dahlem, Germany, for pme cot r 
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SmiMABT 

1. In contrast to the report of Kohn and Bernhcim,^ we find a significant 
decrease in the concentration of coenzj’mcs I and II in tlie blood of 17 of 20 
patients with acute lobar pneumonia, as determined by the growtli stimulation 
for the influenza bacillus. 

2. The concentration of coenzj-mes I and TI increased to nomal limits 
within twenty-four to forty-eight hours after a crisis induced by either serum 
or sulfapyridinc. 

3. These findings arc consistent with the clinical knowledge that pneumonia 
predisposes malnourished persons to attacks of pellagra. 
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WATER CONTENT OP THE J[VOCARDILi£ IN HVl'ERTROPIIY AND 
CHRONIC CONGESTIVE FAH.UKE* 


Harkv Onoss, JI.D., New Vokk, N. Y. 


|T HAS hoeii substantiated tliat the couiiteiTart of tlie clinical pliases of cardiac 
hypertrophy and insufficiency tics in metabolic disturbances manifested by 
nieasurable alterations in tlie chemical constituents of heart muscle. In fact, 
it may be said tliat di.stnrbances of function precede histologic cliangcs. Tlie 
anatomic alterations are effects rather than primary causes of disturbed func- 
tion. In tile metabolic alterations it is i,rol»ablc that changes occur in water 
eontent of tlie normal myocardium and also of the licart muscle both witli and 
"■ithout congestive heart failure. 

The purpose of this study was to determine the normal range of myocardial 
water content and to compare tlie findings witli liypertropiiicd hearts and hearts 
in failure. By this means it is possible to state whetlier cardiac hypertrophy 
is due to an increase in water and whctlicr the increase in water in the myo- 
cardium from hearts in failure is part of a generaiized anasarca. Hyportropliy 
"•as deemed to he present wiien tlic heart weighed 400 or more grams; if less, 
‘iiere was generalized hypertrophy. Failure was regarded as present when 
there was frank evidence of fluid retention or chronic passive congestion of 
^^0 viscera. 

the iletlical and Laboratory' Div..sIons of the Montetlore Hospital for Chronic Dlt- 
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Magnns-Levy^ gives tlie water content of muscle as 72.24 ])er cent anti of 
heart muscle as 74.81 per cent. Von Moraczewski^ states that the dry substance 
in normal heart is 36 per cent, and that there are marked variations of water 
content in different conditions, with 16.9 per cent in pneumonia, 13.7 per cent 
in cancer, and 21.9 per cent in cancer complicated hy anemia. The myocardium 
of the male normallj' shows a somewhat higher content of water than the female. 
The range in his material is, however, so great that the results must be doubted. 
Sehmey® found the dry rveight of fresh heart muscle from various species of 
animals ranging from 21.7 to 27.11 per cent. The dry weight of fresh muscle 
from various animals, according to J. Katz,* varies from 18.38 to 36.1 per cent. 
Neneki'^ reported that the water content of dog muscle vai'ies between 71.7 and 
74.6 per cent. Engels® found the range of w'ater content of musele from 11.25 
to 75.36 per cent, while WahlgreiT found a variation from 71.73 to 76.11 per 
cent. He found that after infusions of hypertonic sodium cliloride, tlie water 
content of musele diminished, and that of the blood increased. 

Hammarsten and Hedin® state that the quantity of fat has a specific influ- 
ence on the quantity of fluid and that, as a rule, flesh which is deficient iti water 
is correspondingl 5 '' rich in fat. In ymung animals the organs in general and the 
muscles also have a different water content, and the uninterruptedly active 
heart is the richest muscle in water. Muscles of different animals have wide 
variations of water’, and eold-blooded animals have a larger amount of water. 
Skelton® computed that in an average heai’t weighing 305.5 Gm., 241.9 Gni. 
are water, and that 0.58 per cent of the entire body water is in the heart. 
Daniels and Burright^® found that the cardiac hypertrophy of ruts rendcrc 
anemic by bleeding was duo to an increase in musele mass and not sold} to 
retained water. 

METHOD 

The water content of a gi’onp of Imown cases of cardiac enlargement and^a 
number with chronic congestive heart failure was compared with a coiitio 
of hearts of normal size. The tissue was obtained as shortly after 
possible, and tissue was rarely taken more than twenty-four hours postmoi a 
Before the heart was moistened, a sample of myocardium was iegii<w> 
from the posterior mitral region of the left ventricle. The tissue 
lightly touched between dry cloth to remove the suiTounding blood, 
sure being avoided. The spcciman was then minced in a previous j we' 
porcelain dish, reweighed, and put in an electric oven which Avas 'cp 
form temperature at 56° C. by a thermocouple to prevent binning oi 
The dried musele was reweighed several times a Aveek until the c i leu 
tAveen at least three sneeessiA’e Aveighings did not exceed 1 mg. sua ' 
three Aveeks uniform Aveight was attained. It Avas necessary to 
for in several minutes the fresh specimen Avould give up 4 or 5 mg- 
or the desiccated one would take up an equivalent amount. After ,^,,,-0115 
ings it Avas found that if weights amounting to 2 or 3 mg- less t mn 
determination Avere put on tlie pan, rapid and aceiile w'eigimg a'*'. 


analysis of Jf atekial , ] 

It of aceme'"' 

There Avere 5 control patients (Table I) obtained as a ^ ,,(,(] ),e- 

death in 4 and suicide in one. In the latter the num lei 0 i 
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hvecn death and tlic time the specimen \\as obtained could not l)e stated, but in 
the other 4 tlie Iieart muscle was obtained from ten to fifteen and ojicdiaif 
hours after death. There were 4 inalc.s and one female. The ages varied from 
S to 47; the i)er cent of myocardial water was 78.4 in two, 78.6 in one, and 
79.1 in a fourth. In tlie fiftli, a eliild of eight years, tlie water content, wliicli 
in elnidhood may normally bo exj>ccted to be high, wa.s 80.4 per cent. 

Tadlk I 


COXTKOI, (ip.ori* 


SEX j 

! ARE 

nouns POST .mop.tkm | 
.SrrCIltEN E.XAMIKKD I 

ren cfnt hatkc in 
SlYOC-VRltlL'M J 

HEART Si;CE 

M 1 

47 


7^.4 1 

Normal size 

F i 

42 

14 1 

rs 1 1 

Normal size 

XI 1 

47 

]0 1 

7 s 0 

Normal size 

w 

47 1 

10 V 2 1 

751 1 

Normal size 

M 1 

s 1 

15'A 1 

Sl» t 1 

Normal size 


Tliere wore S persons (Table II) in wlunu (■artli.io disease was a coincidental 
finding; G were female-s, 2 were males. Ages varietl from 43 to 65 years. Heart 
muscle specimens were obtained from four to twenty -lour Jiours ])ost mortem, 
Two had carcinomas; one an adenocarcinoma 'U Hic rectosigmoid region with 
intestinal obstruction and bilateral hydroneplirosis and rlicumatic mitral stenosis 
and insufiiciency witli cardiac hypcrtroj)liy; the other a careinoma of the tongue 
inth metastasis and syphilitic aortitis with aneurysm 'Die heart weight of the 
first iras 400 Gm., of the second 210 Gm. Thcic were no <'ardiac .symptoms during 
life. Witer content of the myocardium in the first was 78.9 jicr cent, and in the 
second 77.6 per cent. The third had systolic and diaslfdic hypertension, with 
multiple cerebral attacks and coronaiy sclerosis. At necropsy both sides of the 
heart wore enlarged; the licart weighed 450 Gm and tlic water content was 
79.3 per cent. One with clironic j)ulmonary tuborculo.sis and cavitation, dia- 
betes mellitus, and an enlarged liver, showed the right ventricle to he h>peT- 
tropiiied and dilated. The iiea'rt weight was 350 Om., and the water content 
af tile myocardium was 75.2 per cent. There was no congestive failure in nn>. 
No relationship existed between the degree of cardiac hypcrtroi)hy and the water 
content. The relatively low percentage of 75.2 water in the heart of a tuber- 
eulous patient may be explained on the basis of dehydration in a chronic wasting 
disease. 

bright persoms, 5 female.s and 3 males (Tabic III), had renal insufficicne\ in 
addition to cardiac di.scasc which terminated in uremia. Pour had chronic glo- 
merulonephritis, 3 Iiad arterioloselerosis of the kidneys, and one had renal tuhci- 
caIosi.s. Age.s varied from IS to 60 yeai-s. Specimens were obtained from three to 
eighteen and a half hours post mortem. Of the four with glomerulonephritis, 
had associated rheumatic mitral and aoi*tie valve disease. Ileait \\eigi s 
varied from 385 to 710 Gm. All except one were in failure. The water content 
of tliose in failure was 79.6 in 2, and 80.7 per cent in another. The fourth had 
been in failure previously but not at the time of death. The water content 
thi.s patient was 78.39 per cent, the lowest of the four. ^ Three othor.s 
V'itli hypertension and primary contracted kidneys, terminating in uremia, had 
congestive failure of varying duration. Heart weights were 900, 650, and 480 
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Group With Coincidental Cardiac Involvement 
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Gm., and the percentajje of water 80.2, 78 57, and 78.2, respectively. A patient 
with extensive renal tuberculosis, hypertension, and cerebral insult terminated 
also in uremia. There was no history of congestive heart failure. Tlie heart 
weight was 460 Gm., but the water content of the myocardium was 77.9 per cent. 
It is noteworthy that the water content of the myocardium of the persons in 
whom there was no failure was low, and that the lowest w’ater content in the 
entire group was in a person not in failure. The highest percentage of myo- 
cardial water in the entire group, 80.7, was from a patient with generalized 
anasarca. 

Congestive heart failure, •wliieh had been present for ten years in two per- 
sons, cleared up before death (Table IV). Both showed cardiac h3'pertrophy, 
with heart Aveights of 540 and 500 Gm. and both had extensive coronary artery 
disease; one had, in addition, rheumatic heart disease, and the other had a large 
patent foramen ovale. The water content of the m3 ocardium of the first Avas 
79,3 and of the second, 79.7 per cent. Failure was, hoAvever, absent, and AA'ater 
content Avas coiisiderablj" less than in many persons m itli congestive heart failure. 

In addition to the 6 persons Avhose condition A^■as complicated by nephritis, 
32 other persons had congestive heart failure at tlie time of death (Table V). 
Fifteen Avere males, 17 Avete females. Ages varied between 13 and 75 years. 
Material Avas obtained from one and a half to tAvoiitA -seven hours post mortem, 
but in the majority of instances the specimen A\’as obtained Avithiii twelve hours 
after death. Of these 11 had rheumatic heart disease. Every one also had 
cardiac hypertrophj'. Heart Aveights varied from 350 to 730 Gm. The per- 
centage of Avater in the myocardium A'aried between 7S.9 and 82.1. The latter 
figure AVas the highest in the entire series. It is interesting that 7 of the 11 
bad myocardial Avater in e.xcess of 80 per cent. There Avas no relationship 
between the degree of cardiac hypertrophy and tlie amount of AA^ater present 
in the myocardium. The high percentage of Avater in this group may he ex- 
plained by the fact that manj' liearts wci’c from children AA'hose hearts normally 
have a high Avater content. 

The presence of hypertension or a history- of it Avas noted in 17. Cardiac 
hypertrophy and dilatation Avere present in all. The aA’erage heart Aveight 
Was 521 Gm,, approximating the figures usually given for hypertensu’e heart 
failure. The loAvest figures for AA'ater AA'ex'e 77.3, 78.03, and (8./ per cent. The 
first of these AA'as from a hypertensiA’e patient A\'ith chronic pulmonai.A tuber- 
culosis, a colostomy' for cancer of the rectum, and cirrhosis of the liver. Heart 
weight Avas 380 Gm. and hypertrophy Avas limited to the i-ight side of the heart. 
The loAv AA'ater content may be explained bj' associated chronic Avasting disease 
and bj’ advanced age. Figures in excess of 80 per cent occurred less fiequentlj 
Iban in the rheumatic group since the patients Avere adults AVith essential hyper- 
lension; hoAvcver, significant increases in Avatei* occurred in many. 

A child AA'ith patent ductus arteriosus, subacute bacterial endocarditis, acute 
Slomemlonephritis, and congesth'e faihire, had a heart Aveighiug 275 Gm., vhose 
Water content was 81.4 per cent. A Avoman of 64 years AA'ith GraA'e s disease, 
cardiac hj'pertrophy, and congestiA’c failure had a heart Avhich contained i9.2 
per cent Avater. 
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Tlicrc were 2 persons with advanced pulmonary tuberculosis with advanced 
congestive lieart failure. Tiic lieart ol one weijihcd 380 Om. and showed liyper- 
trophy and dilatation of the right .side. The water content was 81.5 per cent. 
The heart of the otlier weighed 560 Om., had failure of the right side of tlie 
heart of one and a lialf years’ duration, and a water content of 79.69 per cent. 
The marked increase in muscle mass in the second person may have been due 
to some factor other than lesser circulation hypertension. 

DISCUSSION 

The water content of all the tissuc.s of the body varies at different times 
and under different circumstances. It is higlier in youth, declines in maturity, 
and increases in old age. Different species of iuiimals have different amounts 
of water in the tissues. The most active oig<ms of the l)ody have the greatest 
percentage of water. The brain, the lieart. and tlie muscles accordinglj* have 
the highest water content. Various diseases, casting .states, deliydration, and 
hydremia may be expected to alter the water content ot organs. 

Peters and Van Slyke'^ states that abslinenee from \^ater causes a reduc- 
tion of water content of blood, whereas an excess mtalie causes an increased 
content in the blood. JIusclcs do not take ui> Kuid aiter injections of sodium 
chloride and calcium chloride. Following injections ot Jiy])ei’tonic salt solutions, 
muscles even give up water, probably as a <*ompensatory mechanism. In gen- 
eral, however, water content of muscle may he exi»ecicd to remain at a fairly 
uniform level. 

Since water is most abundant in the tissues in youth, the water of the 
myocardium in childhood is also very high. The heart of a normal child had 
80.4 per cent water, the highest in the normal group It seems reasonable also 
that the greatest water content of the entire scries siiould be found in tlie 
hearts of children with congestive heart failure. This view was confirmed. 
'I’he highest figure in the series, 82.1 per cent, was recorded from a child of 16 
with rheumatic heart disease and generalized anasarca. 

The regulation that is maintained over water balance makes it unlikel} 
that there can be very great variations in water in the myocardium. The heaits 
of patients with malignancies or chronic wasting diseases, such as tuberculosis, 
>a which congestive failure is terminal or coincidental may show the effects of 
ohronic dehydration and inanition. Several such oases, despite advanced fadure, 
showed an amount of myocardial water within normal limits. Ago maj be an 
additional contributory factor since water content is low in maturity. It is, 
therefore, reasonable to expect, and it was confinned in this study, that m 
(congestive lieart failure in the aged, water content may be within or only slightly 
above the normal. -Wlien it is considered that the incroaso in watm- in the 
oiyocardium due to congestive failure is not great, it is evident that in failure 
tomplieated by wasting diseases or advanced age, normal figures may represent 
actual water retention. 

Tlie close guard that the kidneys maintain over the electrolyte constants 
of the blood makes it likely that normal limits of water will not be exceeded 
compensated renal insiififieioncy, but will be increased when renal disea.se is 
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complicated by congestive Iieart failure. In 4 patients witli uremia with con- 
gestive failure the water content was significantly increased; it is significant 
that 2 patients in uremia with hypertension and cardiac hypertrophy but no 
failure showed a nonnal amount of water in the myocardium. 

In the hypertrophied compensated heart the weight of the heart liad no 
relation to its water content. The amount of water in the lieart not in failure 
was witliin normal limits. In congestive heart failure, however, tlic amount 
of water in tlic myocardium was definitely increased in many instances. It may 
be said, then, that cardiac hypertrophy is not wliolly or partly due to increased 
water but to an increase in intrinsic muscle mass. Congestive heart failure, whicli 
causes a liydrcmia and edema of all the ti.ssues, affects the licart muscle as well 
and is manifested by an increase in the percentage of ivater. 

The clinical importance of the demonstration of increased water in the 
myocardium in congestive lieart failure is of significance in connection witli 
diuretic tiierapy. In addition to a primary action on the kidneys, it is probable 
that diuresis may exert an imiiortant sccondaiy action on the heart muscle, 
resulting in reduction of edema of the lieart, I hereby augmenting cardiac con- 
tractility. 

SUJI.MARY 


1. The water content of the myocardium from poisons witli cardiac hyper- 
trophy and with cardiac hypertrophy with congestive heart failure was deter- 
mined and compared with normals used as controls 

2. The hearts from patients with wasting diseases and tiio aged showed rela- 
tively low water eotitciits. Children, on the other Imnd, showed relatively high 
myocardial water contents nonually and in congestive lieart failure. 

3. In cardiac hypertrophy without failure the water content was not in- 
creased. The increase in heart weight in cardiac hypertropliy is due to an 
intrinsic increase in muscle mass and not to an increased amount of water. 

4. In congestive heart failure the water content of the myocardium was 
increased due to anasarca wliicli involved also the myocardium. The gieatest 
increase of water was observed in eliildhootl, reaching 82.1 per cent in one 
instance. Nonnal figures in the aged patients with wasting diseases may repie- 
sent actual water retention. 

5. Tlie beneficial effects of diuresis in congestive heart failure maj in part 
be due to reduction of excessive myocardial water content, thereby impio\ing 
cardiac contractility. 
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DIARRHEA CAUSED BY DIBNTAj\IOEBA PRAGILIS* 


j\'Lvrion Hood, Ph.D., Chicago, III. 


C linicians are familiar with the patient wJio presents symptoms of per- 
sistent diarrhea, characterized by frequent mushy stools and associato 
with a certain amount of abdominal distress. Symptomatic treatment mat a r 
tdate the condition, but the original status returns when normal Ihingisie 
sumed. Although this type of diarrhea does not progress to a tuie djsciitci}, 
it is nevertheless annoying. Laboratory reports frequently sliov no amorma 
findings either in the bacteriologic or parasitologic fields, _ 

Such cases present a special problem to tlie technician. Sometimes 'u 
saline smears of the fecal material show small, round, refractile o les 
cannot be found in either the iodine pi’eparations or the 
sions commoulj^ used for aid iu identification of intestinal paiasites. 
of this, it is probable that these bodies, which may be the true 
are ignored or classed in the general group with the vegetable oigamsm, 
cystis hominis. ^ 

LITERATURE REVIEW - ^ 

In the original article describing Dieniamoeba- fragiUs jiltliougli 

1918^ reported finding 7 cases. They believed this to be a laie o 
they pointed out that its recognition was too recent for t le ex oraanisw 

rence to be laiown. Credit was given to Wenyon who iiad seeu^ 
iu 1909 but, not recognizing it as a new species, had not tlie 

In 1924 Taliaferro and Beckei-^ reviewed the literaUue from 

reported cases of Dieniamoeba fragilis. There had been - cases _ 
England, 5 from the Philippines, 4 from Germanj , 3 lom icim’sc'* 

and one from Holland, making a total of 33 cases. Even t us o 
the wide distribution of the infection, as many of these me n i 
or travelers returning from various other countries. _ ^ patient in 

In 1926 Kudo® made a careful study of tliese 3 cn?'-' 

Urhana, 111. The following year Gittings and YLnltz' j,i aduit'- 

in children. Previously the infection had apparently been 

Up to the vear 1934 Dieniamoeba fragihs had been con niade n 

ism of widespread distribution. At this time Svensson and 

•From tlie Department of Medicine. Universitj of Illinois 
Received for publication, .August IG, 1939. 
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thoi’ougli survey of 74 persons in a heavily infected group of 2 )aticnts in a 
mental hospital in Sweden. They foiuid 72.9 i)er cent of this group positive 
for Dientamoeha fragilis, and 54.0 per cent Jiarboring Endamoeha histolytica 
organisms. The following year Wenrich, Stabler, and Arnett® made an in- 
testinal protozoal sun’oy of 1,060 freshmen entering tlie University of Penn- 
sylvania. In this group 45, or 4.3 per cent, were found positive for Dienta- 
vioela fragilis and 43, or 4.1 per cent, positive for Endamoeha histolytica. The 
next report came from Brug" who can-ied out his work in a mental hospital 
in Holland. He found 36 per cent of the patients infected with Dieniamoeha 
fragilis as compared to an 8 per cent positive finding for Endamoeha histolytica. 
In 1937 Hakansson* found 16 new cases of Dientamoeha fragilis among 31 in- 
stitutional patients in Panama, giving a 42.1 percentage of new infections. 
This group had previously been treated for Endamoeha histolytica and subse- 
quent examinations had shoum them to be free from amoebic infections. 

Sapero and Johnson’^ reported a series of cx«'iminations made on Navy 
recruits at Norfolk, Va. They found 17.1 per cent of the men from tlie soutii- 
ern states and 10.4 per cent of the men from the north infected with Dienta- 
moeha fragilis. This is the highest percentage over icportcd for tliis parasite 
in the United States. This same group showed 14.7 per cent and 7.8 per cent 
Endamoeha histolytica infection, respectively. 

TECHNIQUE OF EX^VMINATION 

Over 2,000 fecal examinations have been made in this laboratory during 
the last few yeai’s. Up to September, 1938, no Dientamoeba fragilis were iden- 
tified. The reports indicate that these organisms were present but were being 
overlooked. 

During the summer of 1938, wliile working at the Gorgas Memorial Labora- 
torj' in Panama, I became familiar with the PientamOGha fragilis and the tech- 
nique of its identification. Hakansson,® whose work was done at the Gorps 
Laboratory, gave a description similar to the following. In a saline emulsion 
Eientamoeha fragilis organisms appear as small (5 to 20 microns), fine, refra^ 
tile, very round bodies. When pseudopods arc obscn.'ed, they are very thin and 
show a characteristic angular appearance. Careful watcliing is required to 
observe this motion as the action is usually delayed. Tlic nuclei are vcr> in- 
distinct or invisible. In water solutions, therefore, in iodine preparations fre- 
quently used to bring out nuclear structure, tlie body explodes, fieeing the endo 
piasm and leaving a ring of ectoplasm which is not characteristic of the oiiginal 
stnicture but more nearly resembles a disintegrating blastocystis. Tins descrip- 
tion follows very closely that given by Jepps and DobelP in their original 
i^rticle on Die7iiamoeha fragilis, 

For confirmation of tlie diagnosis iron hematoxjdin stains are most useful. 
Such studies made by Jepps and Dobell,’ Robertson,'’ Kudo,'* Craig, and Wen- 
have given an adequate knowledge of the nuclear structure of this orgaii- 
^ 01 . About 80 per cent of the forms have two nuclei of similar structure which 

be adjacent or at opposite sides of the cytoplasm. The nuclear mem- 
brane is so delicate it appears as merely the termination of the cell cytoplasm. 



916 


THE JOURN/VL OP LABORATORY AND CLINIC.VL JIEDICINE 


The karyosome is made of four or more fairly distinct granules, one of wliicli 
is often slightly larger and may take a somewhat darker stain than tlie others. 
The special modification of adding an extra amount of glacial acetic acid 
(total 15 per cent) to the Schaudinn solution to bring out the nuclear stnictme 
of Dmitamoeha fragilis, as suggested 53^^ Johnson/^ has proved very satisfactory. 
This Johnson method was used for all the hematoxylin stains. 



Fig. 2. 


RESULTS 

.C IRA individuals 

During the last ten months fecal specimens from i 
been examined. The special characteristics of sho"'^’^ 

kept in mind. Iron hematoxydin stains were made if the for ary 

the presence of any' protozoa, and each slide was searche ^ cai 
form which might be present. Dientamocha fragiUs 2 "^* j. po'ith*’- 
the stools of 7 patients, 3 children and 4 adults giving a • j-giationshil^ 
In this group 6 eases of Endamoeba histolytica were foun . 


in tins group o cases oi sunanmuGUit^ 

between the per cent positive for Endamoeba histolytica an 
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(jilh compare favorably with the results obtained by Wenricli, Stabler, and 
Arnett.' The aetual percentages, however, cannot be compared, as AVenrich and 
others were conducting a student survey, while the present work was carried 
out on patients whose clinical symptoms indicated the advisability of a fecal 
examination. 

PATHOGENICITY 

In the original article on Dicntamocha frayilis Jepps and Dobell stated that 
there was no reason to believe tliat tins organism was a pathogen. All their 
cases showed some type of abdominal distress, but as few symptomless patients 
were sent to their laboratory, they considered tins <i coincidence. Jlollari and 
Anzulovic’^ in 1938, quoting Robertson, Giltitisrs and Waltz, Hakansson and 
adding their own case, shoived that the observations of these workers pointed 
to the fact that Dicntamocha frayilis infection pioihicrft gastrointestinal disturb- 
ance and an cosinophile response in the blood. 

The present small series gives further evidcin-e nf a pathogenic role for 
Bientanioeha frayilis. One of the children who also had an accompanying En- 
damoeba histolytica infection had definite intestinal distress aiul diarrhea. A 
course of treatment with cliiniofon cleared up the eoudition. Another child 
who had mild diarrhea showed an 11 per cent cosmophilia Xo otlior cause for 
these reactions could be elicited. This was the only one of the 7 cases that 
showed an increase in the cosinophile count. The mother of the third child 
reported finding worms in the stool and requested an ('xamination. No s}Tnp- 
toms had been noted. These last two children had !>eon hospitalized for other 
conditions and were sent home without treatment for tlio amoebae. Of the 
adults, one was a neurologic patient whose diarrhea seemed to accompany 
periods of mental stress. To rule out a possible histolytica infection the exam- 
ination w'a.s made wiiich revealed the prc.scnce of Dientamoeha frayilis, the only 
contaminating protozoa. This patient became dissatisfied and left before amoebic 
treatment wms begun. The other 3 patients gave histories of definite abdominal 
distress with accompanying diarrhea. Examination showed Dicntamocha fra- 

infection in all instances. Treatment with chiniofon in 2 persons and 
emetine hydrochloride in the third completely cleared up the symptoms, and 
the stools have remained free from the organisms. 

DISCUSSION 

^ It appears evident that Dientamoeha frayilis is at times the etiologic agent 
the tj'pe of diarrhea mentioned in the first part of this paper. Almost no 
has been done to determine the extent of its pathogenic role. It is not 
clie\ed to he a tissue invader but stands as an intermediate between the inva- 

Endamoeha histolytica and the nonpathogenic amoebae, such as Eiidamocha 
coU. 

, ^icnfaniocbff frayilis is amenable to treatment with any of the drugs used 
the control of E. histolytica. Emetine lij'drochloridc has been used with 
success,” but it is undoubtedly a more drastic measure than the disease warrants. 
‘Jmptoms disappear and organisms become scarce after forty-eight hours of 
^'■catment with any of the arsenical or oxyquinoline compounds used. for Eii- 
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dcmoeha histolytica. The full recommended course usually gives complete cme. 
There may be a recurrence of symptoms due to either an exacerbation or a rein- 
fection, but additional treatment soon brings them under control. 


CONCLUSIONS 


1. Dientamoeha f ragilis is an amoeba which deserves more attention than 
it has been awarded. 

2. The recognition of this organism is not difficult if its special cliaractor- 
istics are borne in mind. 

3. The use of the iron hematoxylin stain facilitates the differentiation of 
this form from the other amoebae and from vegetable organisms, and thereby 
helps to confirm the diagnosis made from the saline emulsion. 

4. The frequency of occurrence of Dientamoeba- fragilis at least equals that 
of Endttmoeba histolytica. 

5. This amoeba undoubtedly produces gastrointestinal symptoms and ap- 
parently, at times, an elevation in the eosinophile count. 

6. Dientamoeba fragilis is amenable to treatment by the same drugs used 
in the control of Endamoeba histolytica. 


I am indebted to Dr. R. AV. Keeton, head of tlie Department of Medicine, Universitr c! 
Iliinois Coiies'o of Medicine, for iiis v.aluable suggestions and criticisms. 

Note . — Since the submission of this paper, parasitic examinations have been 
patients. Of this number 13 were found positive for Dientamoeba />'npiits ana 13 nerc i 
for Endamoeba histolytwa, making a 4.6 per cent infe.station for each. These ngures 
parable to those given in tliis paper. 
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FUSION BEATS' 


A Report of a CuNiavL Instance and an ExPERniEXTAL Study in the Dog 


David H. Eosencerg, M.D , Chicago, III. 


TN 1911 published the first curves demonstrating the experimental 

* production of fusion beats (“transitional complexes' ), and in 1913 he 
described a clinical instance of this phenomenon. He regarded fusion beats as the 
ventricular complexes produced by the ventrieles responding partly to the 
sinoaurieular impulse and partly to an ectopic iitjpulse- \ariations in the 
shape of such ventricular complexes were seen in the electrocardiogram, rang- 
ing in contour from almost a pure sinus QRS-T to aluiost a pure ectopic foim 
of QRS-T. Recently, Hill and Cameron^ recorded similar clinical observations. 

Although isolated fusion beats have been noted frequently in electrocardio- 
grams since Lewis' original communication, a scries of such beats, lepiesentino 
extrasystoles in various degrees of fusion with the normal sinus impu se, is 
rare. It has been observed at the Michael Reese Hospital only twice among 
10,000 electrocardiograms. For this reason, the analysis of a case emons la 
ing this phenomenon is reported, and its mechanism anal>7-ed on t e asis o 
an experimental reproduction of this condition in the dog. 


C.VSE REPORT 

J- C., a white male lancer, aged 76 years, .vas first seen on July 15, compla^ing 
of .0lr<,steri.aI pain. He had been in'eacellont , tenuous daya 

progressive weakness and tiredness set in. On June T^pTsisted for 

in conference, he was seized with mUd cramping retrosternal pam --I* 
thirty minuies, subsiding on rest. The present attack, sinl.Iar to the p , 5 
c»rrea one hoir after a large lunch, and traa accon.panied 
of undigested food; it lasted one hour and disappeared after resting. 

iras noncontrihutorv. . , 

Physical examination revealed a weil-developed, tveil-nourislied, 

Tlie chest was moderately increased in its anteroposterior diame er. i apical 

totonaat and the breath sounds were somewhat suppressed ‘'■- 7 ”““ 
i^polse was visible at the nipple line in the fifth interspace. Tim ard'- 
'rithia normal limits. The pulse was 88 per minute. The regu or ■ „„aible at 

n;Pted by frequent premature systoles. A faint, « syo ohc ~ 
the apex, and a similar, though louder, murmur was heard , , , below the costal 
eit interspaces near the sternal border. The liver edge descent e ' ,^ 1 ^ j 

in the middavicnlnr line on inspirntion; it -s -noth 
Ptessure was 140 systolic, and 60 diastolic; the temperature, OS F. < ‘ f 
IS per roinutc. The rest of the exnrnination, urinalysis, and Wood c 

and tr*/'"®,? Cardiovascular Department and ^ 

Irom the Department of lUedicIne. Nortliwestem Medical ten M^enltal 

by Uie .V. D. Nast Fund for Cardiac Re.scarch. Michael Reese Hospital. 

Received for publication, August 18 , 1889. 
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Aji electwcarcliogram (Fig. 1), made one and one-half hours after the cessation of 
pain, disclosed the following: Rate 91. P-B interval 0.20. QRS upright in liml Jw-h 
slurred and small, with S, present. T, and % inverted. T, and T, small. T, up. Sli 
depressed. S-T, and S-T, isoelectric. QRS, (OP.) almost entirely don s. P, inverled, T, 
diphasic, S-T, elevated (but witliin normal limits). There are frequent ventricular c.rln;- 
sj-stoles. In Lead 11 there is a run of four such e.vtrasystoles, three of which are fufioc 
forms of varj'ing degrees. Such fusion beats are also seen earlier in Lead II and in Leal 
III. Sinus rhj'thm. Low "voltage.” Definitely abnormal curve. Suggests chronic eori> 
nary insufficiency. 






Fusion 


Fig. i. — Electrocardiogram taken on July 15, 1936. Lead It of tbe cd'’?';? 

designated as F; ectopic beats as F. Abo\-e eacli record the average K-rc ,, j rol'n'j.^v 

rhythm is mavUed off. Solid lines indicate effective ectopm IP’P),'*®®®' . tj,e ccloi'lc ^hniwi' - 
ineffective ectopic impulses, and demonstrate that the m®ftecti'encss o jjj jo be.i<! i 

due to “exit” block in Leads I .and IV. and to ■•interference V’ ® on the .'=inHs ' 

fusion beats, P,, Pa, Fj, and F, represent varying degrees of fusion Detnet-i 
impulses. Description in te.xt. 


Clinical diagnosis: (1) Coronary sclerosis. (2) Atheromatous aorl, (•) 
piilmonar}' emphysema. ..., . (),c af'ft- 

On the following day, July 16, a prcsj-stolic gallop rhythm daiV, 

Henceforth, mild brief attacks of retrosternal pain recurred once or of P'' 

mature systoles were noted frequently. On July 22, three severe noc urn^^^^ jastiag 
associated with slight dyspnea occurred at two- to three-hour infen a the 

to thirty minutes. During one seizure the pain radiated down o ‘ 

The temperature remained normal and the pulse and blood pressure ticcrcaF^ 

patient was kept at bod re.st for six weeks during which the * j.pvcrc cjcrd^® 

frequencj' and intensity. Since then, mild attacks have appeare 

following a large meal, and have been relieved by rest and p.g intervr!^'. 

On Hoy. 20, 1,0,36, an electrocardiogram revealed Cento'’^ 

(Fig. 2). Compared with the first record QBS is taller in Lem s ai^ ’ 

in Lead HI has changed. T, smaller, T, now up, T, taller, * - : ujuighf a’"' 

depressed. S-T, more elevated (still within normal limit-sl- . 
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JoiigLT and Hiiuillcr net^'ltivo phase. I'lfijiiciit \eiitruMilut extiasysloles liotn Iwo f*jci. The 
second one in Lead III is intorpoluted with a prolonjfution of the succecMliiiH: P it interval 
to 0.28 second and aberration of QRR-T complex. In Lead IV the last po«t-extrasystoUc 
beat has a different type of P wave, indicatiiifj a .shift in the pacemaker. Sinus arrhytlmiia. 
Definitely abnormal curve. Shows a progie.ssioii of the coionai}' insufficiency. 







Mmiiiiwfmiiiiii 1 III 1 1 ti ill m i npi 















On Oct. 22, 1937, the patient’s general condition iva- aulijcctivclj- mndianged. Tlie 
gallop rhythm had disappeared and the heart nas regular. distant binning diastolic 
murmur was now audible along the left border ot the steiiiuni, and tlie systolic runinmr 
at the aortic area liad become high pitched and musical. The blood pressure n as i 
aj'atolic, and 90 diastolic The new findings were interpreted as indicating slight aortic 
iucompetency on an arteriosclerotic basis, probably with a plaque on one or more of the 
aortic leaflets. The diastolic murmur has gradually increased in intensity, and 
aj-atoles have reappeared occasionally. Another electrocardiogram was made on 
“38 (Pig. 3). It showed rate averages 78, and P-B interval 0.22 second. Eecord differ 
from the one 2 years before in tliat T, is smaller. S-T. is now elevated outside of nomal 
'auge. In Lead V (OP.) QHS is inverted and W-shaped, and T is '■ 

arrhythmia. Ventricular extrasystole in Lead H. Fusion beats in Lend I (fifth beat) and 
« Lead IV (second beat after standardization). First dcgKe aur.culoventricular bloch. 

efinitely abuormal curve. A progressive chronic coronary insufficiency. At t le presen 
Writing, his physical condition is unchanged. 


ANALYSIS OF THE FIRST ELECTKOC.VRDIOGRA:\r 

Jleasiu-ements were made of the R-K intervals of the sinus heats, and tliese 
'yte compared with tlie R-R intervals between the ectopic 
The E-R intervals of the sinus complexes varied between 0.64 and 0.69 second. 
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N 



Fz 



F2-N 


Fiff. I- — Sho«-ing' the close similaritj' between tnDic'ce^’'^’f-"' 

systolic) component oC the fusion beat. JY, ^ F- - corre-'l*''fT; 

ectopic impulse. All taken from Lead II of FiB- 1- y from Fs found at ^ 

of F- constructed by subtracting algebraicallj' the values the QRS £"* Difcu"''^ 

Ume's. using the beginning of the P wave as zero time- Confusion form. F- 
the ectopic component, F- - AL are smaller than those oi 
text. 
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Similarly, the R-R intervals between the ectopic systoles, shown in Table I, 
were found to be simple multiples of durations between 0.64 and 0.68 second. 
From this it appears that the anomalous ventricular complexes occurred at 
rhythmic intervals, and suggests the presence of two independent rhythms, 
namely, a sinus and a parasystolic ventricular rhythm. The spacing of the 
parasystolic rhythm is shown in Fig. 1 by the vertical lines above each lead. 
The dotted lines show when the ectopic pacemaker fails to atfect the ventricle, 
in some instances because of interference dissociation, in others because of 
“exit” block. 

Table I 

R*R iNTERVAii Between Premature Svstole.s 


Lead 

I 

5.92 (9 

X 

0.05R) 

second 

Lead 

II 

1.30 (2 

X 

0.650) 

seeoml 



0.64 (1 

X 

0.640) 

seeond 



0.66 (1 

X 

0.600) 

sefond 



0.64 (1 

X 

0.640 ) 

second 

Lead 

III 

3.36 (5 

X 

0.670) 

st-t ond 

Lead 

IV 

4.74 (7 

X 

0.677) 

seeoml 

Average R-R interval 0.6(34 

second 


Additional evidence favoring the existence of two independent rhythms 
giving rise to fusion beats was obtained by retracing on the same scale a sinus 
beat, an ectopic beat, and a fusion beat, using the beginning of the preceding 
I* wave for zero time in each. The sinus beat was then algebraically subtracted 
from the fusion beat, and the curve so derived was compared with the ectopic 
beat. Complexes Fj, Fg and (Fig. 1) were tlius analyzed, and a typical 
result is shown in Fig. 4, taken from Lead II of Pig. 1. The close similarity 
between the ectopic (parasystolic) component derived in this manner and the 
confusion, forms of premature systoles seen in the electrocardiogram is clearly 
illustrated by Pig. 4, and offers strong presumptive evidence for the coexistence 
of the two independent rhythms. The fact that the derived curves (viz., Pj-N) 
Were always smaller than the ectopic complex is not surprising, since the 
amount of heart muscle stimulated from this focus in the fusion beat is less 
Ibau when the ectopic beat alone i.s in control ; the amount of ventricle under 
control of the sinus impulse is also less than usual. 

In instances such as this, where the sinus and ectopic rates so closely ap- 
proximate each other, fusion beats may occur less frequently than anticipated, 
cither because many ectopic impul.ses occur so late as to fall in the refractory 
phase of the ventricle (interference), or because the ectopic stimuli are blocked 
within the pacemaker by a so-called “exit” block. From Fig. 1 it is apparent 
Ibat in our case, both interference (Leads II and III) and “exit” block (Leads 
I and IV) were operative, and that, of the effective ectopic impulses, some 
P‘-oduced simple premature systoles {E, Fig. 1), while others combined with 
Ibe sinus impulse to produce fusion beats (F, Pig- !)• 

EXPERIMENTAL PRODUCTION OF FUSION BEATS 

LewisS in his early work on fusion heats, stimulated the left ventricle of 
a (log by rhythmic shocks induced at a rate slightly more rapid than the sinus 
%thm. Ventricular complexes were thus produced, illustrating a gradual 




924 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICIXF. 


Fj/ F^e ffi 


'■ . E : ; Oil. 

Fig. 5. — Showing some fusion beats producecl in the dog (Lead II). F, fusion beat L 
artificial ectopic beat. The average R-R interval between ectopic stimuli, the rate of the wm.' 
interiaipter, is marked oft above each record. Solid lines indicate effective ectopic iniiiuhcs; 
dotted lines, ineffective stimuli. (The artificial stimuli were not at all times discliarEcil by th 
interrupter at absolutely rhythmic intei-vals, thus explaining the sliglit variations m the u-r. 
intervals. ) 




r FEB 





E 


X in ttie dos ■ “Sic- j H 

Pig. 6. — Cuiwe.s illustrating a normal ventricular comply. ^ ' j-tructed a.s "J, ' llrcuo- 
mentally produced fusion beat, Fm ; the ectopic component o^ drawn from Jith tt’* 

5 comparcu 


itaiiy proauceu fusion beat, F~t ; the ectopic componc-... 
subtracting from F:s: and a representative ectopic impulse, A, a „ 
of Fig. 5. Note tlie smaller QRS wave of the ectopic component 
of E. Discussed in text 


of iiitci'iiif'^’'*'^ 

transition from the normal sinus complex through a luindle ln’*'”''’'’ 


forms of fusion to the pure ectopic form. Later, in a stuc j,(„.gial vd’- 

block, Wilson and Herrmann'’ were able to alter tlie foim a rsl'’ 

tricular complexes l)y electrical excitation of the 1,^. stimiilff 

either slower or faster tlian the normal sinus rhythm. ..... 


eitlier siu\\x'r ur uiau uie iiunnui. oiiiuo . -niilsc 

the affected ventricle at the instant when the anriewax nn 


rcaclifd 
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opposite normal vcntrielc, the composite curve resultiiin from tlic summation 
• of electrical effects roscm})lccl that of a normal ventricular complex. 

Repeating' Lewis’ method, we studied the iiiechaiiism involvcel in the pro- 
duction of varying degrees of fusion between the sinus impulses and rhythmic 
ectopic (parasystolic) stimuli. A i>air of hooked platinum electrodes were 
) placed on the exposed right ventricle of a dog and with a Lewis interrupter, 
. rhythmic stimuli were induced so as to coincide witii every third, fourth, fifth, 
seventh, or eleventh sinus impulse. The electrocardiogram was recorded using 
i Lead II (see Pig. 5), and the film records were analyzed in the same manner 
as the clinical record. The ectopic components were again derived mathemati- 
cally by algebraic subtraction, and a typical example is shown in Fig. 6. The 
fact that such a known experimental “para.'^ystole” gave rise to fusion beats 
and to interference dissociation, and tliat the matheumtical derivation of the 
ectopic component of the fusion beat resembled that in the clinical case, lends 
further support to the deduction reached in tlm latter instance. These obser- 
vations are in close accord with tho.se of Lewis,' and Wilson and Herrmann."* 
Since parasystole with fusion beat.s is a nmre benign condition than pre- 
mature systoles of multiple foci, tlie dififerontiation asMimes practical impor- 
tance. Perhaps closer attention to this phenomenon of fu-sion licats will lead to 
Its more frequent recognition. 

summary 


A clinical case, manifesting an ectopic vcntrirnlai* parasystolic rhythm 
^vith various degrees of fusion with the normal sinus impulse, is recorded. The 
luechanisni involved in the production of fusion beats is demonstrated experi- 
mentally in the dog. Attention i.s directed to the importance of recognizing 
fusion lieats in the eleetroeavdiogram. 


o.,.! intlobted to Dr. Louis N. Katz for 1U.«» a«Uicc and guid.-incc In prciiaring thlst report, 

and to Mr. Kenneth Jochim for his assistance in the animal e.xperlment The interprot.ation«i of 
uie electrocardiograms were made br Dr. L. N. Katz. 
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LIPID, CAEBOHYDRATE, AND JIOISTURE CONTENT 
OP THE LIVEE IN DIABETES MELLITUS* 


Nellie Halliday, Ph.D., Boston, Mass. 


A S A I’osult of histologic study of autopsy material over a period of years 
k Warren^ has coueluded that livers of iusuliu-treated diabetic patients do 
not differ radically from those of nondiabetie patients. As a fiirtlicr study of 
the question it was decided to make chemical analyses on similar fis.sue, lint 
it was felt advisable to analyze fresh material. Samples of the livers were put 
into formalin and analyses wei'e carried out after varying lengths of time. The 
results of these analj'^ses will be presented in another paper. 


EXPERIMENTAL 


Autopsies were carried out as soon as permission could be olitaincd, aiKl 
the liver samples (fresh and in formalin) were immediately sent to the diem- 
leal laboratory. In the case of autopsies performed at night and on Sumlajs 
the fresh liver sample was kept in the icebox at 12° C. until the folloniii: 
morning. 

The liver was cut into small pieces and mixed thoroughly so ns to o ain 
representative aliquots. About 10 to 12 Gm. each were used for glycogen 
free-sugar determinations, between 10 and 15 Gm. for lipids, and a )oiit o 
for moistnre. . 

The method for glycogen as used at present by Dr. G. T. Con^ 
lowed exactly, except that the final glycose obtained after hydio y sis 
termined by the Folin-Wu- colorimetric method. The Trimble am 
methods were used for free sugar and for determination of non 
substances. Here also the Folin-Wn method was used for .Ljv-foiu’ 

tions. The samples for moisture determination were driec 
hours on a steam bath and then in a desiccator over sulfniic ncic 


1..,= For dcteriiiiM 

The lipid extracts were prepared by the Bloor metnoc s. 

ilOOe-' 


tion of total fatty acids and total chole.sterol the following nictl 

■. n 1 .1 A+rt /4vV1 


The alcohol-ether extract of lipid Avas saponified almost to 
Erlenmeyer flask, covered Avith a small Avatch glass. T le i esi ppjrolfiiw 
up in a small amount of alcohol and cooled. Volumes o A\a ether, 

ether, equal to the volume of alcohol, AA^ere added, anc le ^ 
layer, containing the nonsaponifiable fraction, AA*as I'cturue*^ 

funnel and Avashed Avith a small amount of Avater, the AAa ^ j.e.d<la’ 

the aleohol-AA’ater fraction. The petroleum ether AAas CAapo 

•Prom the Chemical Laboratory, New EnslantI Anwric.an Cli™''®'' 

Presented by title before the Ninety-Sixtli Meetingr 
Milwaukee. September, 1938. 

Received for publication, August 23, 1939. 
fPersonal communication to tlie author. 
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Table 1 

Besults or Analysis or Bbesii Tissue for Totai. Fatty Acids, Iodine Number of the 
Fatty Acids, Phospholipid Fatty Acids, Total Ciiolestbp.ol, and Moisture 
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The phospholipids were very constant and the total cholesterol fairly so, 
regardless of the total fatty acid values. Both phospholipid and total cholesterol 
values of the gastrocnemius muscle were very low, the former possibly as a 
result of iiiacti\aty.^ 

In cases where the total fatty acid was approximately normal, e.g., be- 
tween 2.5 and 4 per cent, there was little correlation between total fatty acid and 
moisture, but there is an almost mathematical relationship between abnormal 
fatty acid values and moisture. The lowest total fatty acid percentage found 
was 2.2 and the highest was about 15.8 per cent, with moisture contents of 79 
and 65 per cent, respectively. These results arc similar to those of Deuel^^ for 
rats, and of Kaplan and Chaikoff” for dogs. 

Table II gives the results of analyses for carbohydrates, in some eases 
corrected for nonfernientable material. The time that elapsed between the 
death of the patient and the beginning of analysis is given as “hours post 
mortem.” Also given for comparison are the data on severity of diabetes, the 
total fatty acid values of the livers, and the last dotennination of blood sugar. 
The severity’ of diabetes is judged by the amount of insulin required to keep 
the patient in equilibrium. Determinations of caibohydvate were not made on 
the livers received earlier, and since most of the nondialjetic livers were 
analyzed at the beginning of the work, no comparisons are possible. It is seen 
that there was wide variation in both glycogen and free sugar, the nonferment- 
able material accounting for some, but u-sually not a great percentage of the 
apparent value. There was little correlation between carbol>y<frate values and 
total fatty acids, severity of disease, time after death, and final blood sugar 
determinations. 

DISCUSSION 

A diabetic person is one who has a disturbed carbohydrate metabolism; he 
usually dies from diseases other than diabetes. For this reason, it was felt that 
the controls should be nondiabctic persons so selected as to represent the dif- 
ferent types of disease from which diabetic persons may die rather than nor- 
"ual persons. Thus Case 36967 is a death from carcinoma witii an entirely nor- 
lual liver. Case 37186 is a death from tuberculosis with a liver normal except 
for slight toxic reaction to the existence of the tuberculous process. Case 3i235 
is a death from Hodgkin’s disease, with some involvement of the liver. Case 
37326 is a death from carcinoma of the bladder. Case 37426 is a death from 
peritonitis, showing the same type of focal necrosis in the liver that so many 
diabetic patients dying with sepsis show. Case 37463 is a death from a pul- 
monary embolus and could be regarded as fully normal as a person killed by an 
automobile instantaneously. Case 37941 is a case of cardiac failure with a nor- 
mal liver comparable to the cardiac failure so frequently seen in diabetic patients. 

A consideration of the results obtained shows that little differ euce \\as 
found between the livers of diabetic and noiidiabetic persons that were analyzed. 

The large amount of lipid found in a few of the livers apparently consists of 
’mutral fat, which is, as shown by the iodine numbers, of depot nature. 

The phospholipid fatty acid values were very constant.^ Sinclair” states; 

One of the fundamental concepts concerning the phospholipids has been that 
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the amount of phospholipid iu aiij' one tissue is a fixed characteristic of that 
tissue, much as its histological structure is fixed.” According to Ahrami,’'* 
the phospholipid of liver is not appreciahly altered by injecting insulin. 

The total cholesterol was fairly constant but shotved some tendency to vary 
with the total fatty acids. Phospholipid and free cholesterol values have been 
shown to maintain a relatively' fixed ratio to one another.'* Ester and free 
cholesterol determinations were made on the liver extracts of 3 persons with 
diabetes and of 2 normal persons. Total phospholipid, as well as phospholipid 
fatty acids, was determined in some eases, and it was found, in agreement with 
Haven"' and others, that the fatty acids made up about two-thirds of the 
molecule. Using this factor and converting the fatty acid values to phospho- 
lipid, the average phospholipid dree eholesteroi ratios in these 5 eases were 
17.2 and 16.8 for diabetic and nondiabelie ti.ssue, respectively. The average 
phospholipid dotal cholesterol ratios for all livers analyzed were 10.6 ±2.2 
and 9,6 + 1.2, with ranges of 5.3 to 17.2 and 7 7 to 11.4, respectively. Thus 
there was greater variation in the <liabetie group but fairly close ar,ieemen in 


the ratios between the two groups. 

In interpreting the results of earbohydratc aiialyse.s se'-rral factors must 
be considered. In a few oases (o.g., Casos 39416 and 39438) t icie apiiears o 
he evidence of fat-glyoogeii antagonism, liiit there are many excep 
time after deatli has had no constant effect on earbohydiate 
unusual in animal worlv, but Warren* (piotes from the work ^ 

Wosazek showing that there was but little change in tota . , 

livers of persons with diabetes over a period o) two days, legai ' . 

temperature at which tlio liver was kept. In the jirescnt voi t leie 
with high earhohydrate values analyzed twenty hours or 
Liver injury has been sliowii to lower the amount ot glycogen s ' 
study each of 8 liver samples (excluding the biopsy samp e) c 
than 500 mg. per cent total carbohydrate. In 6 of 

showed no clinical or pathologic evidence of liver ni,inry. ex , , , ^ 

hy Okey and co-workers”. and by Deuel,'- to play a P-;‘ ” 
and fat metabolism iu rats. Glycogen content was ig ler ui ^ g 

total fatty acids were higher in livers of female annna s. ,,.,ti’ents- and 

livers previously mentioned 4 were from male and 4 J ^gj.- 

iu one ease, a female, the fatt.v acids were also lug i. nr the nost- 

wlafioii between severity of disease or ,j,“ hypothesis is offered 

mortem blood sugar values and liver carbohjdia . nffected the 

that the pathologic conditions which induced death may 


enzyme .systems. 

SUJIMARY 

In an attempt to determine whether otrwerc 

diabetic and iiondiahctic persons a senes of human Ineis 
analyzed for lipids, moisture, glycogen, and free siigai. 

Tile results do not show any ont.staiidiiig ; .^'n£ the liveis 

more variation in total fatty adds in the diabetic group One-* d of _tl^^^^ 

of persons witli diabetes, and 1 out of 7 livers of noima p • showed that 

than 5 per cent total fatty acids. Iodine numbers in 
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the excess fat was of depot nature. The phospholipid fatty acids and total 
cholesterol values were fairly constant. As liver fatty acids increased above 
normal the moisture decreased. 

The glycogen and free sugar values varied greatly, but showed little onio 
relationship to severity of the disease, recent blood sugar determinations, total 
fattj" acids, and in some cases, to time after death. 

It is ii pleasure to acknowledge the helpful interest and advice of Dr. Shields Warren 
throughout tire course of these experiments. 1 wish to thank Professor W. R. Bloor for his 
help in inierpi-eting some of the results, and Dr. H. C. Trimble for his interest and suggestions. 

I am also greatly indebted to Dr. H. P. Root for arrangements for this study, and to the 
surgeons. Doctors L. S. McKittrick and T. C. Pratt for the biopsy liver sample, arrd Dr. H. B. 
Loder for the gastrocnemius muscle. 
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INFLUENCE OP VARIOUS PAT-CONTAINING DIETS ON THE 
REACTION OF HISTAMINE ACID PHOSPHATE IN THE 
SKIN OP WHITE RATS^ 


J, Lamar Cam, away, il.D., Duriiaji, N. C., axd Ray Oscar Noojin, il.D. 
Huntsville, Ala. 


S tudies were undertaken to detorinine wliothc!* the cutaneous reactions iu 
white rats to 1 :1,000 iiistaminc acid i)hospIuito were innueneed by tlie amount 
of fat ingested. The work outlined here is haseil on tlio urticarial reaction of 
the skin to histamine applied intradernially, and the results are compared with 
those obtained in normal control eases. 

The histamine wheal was first described by Kppinger' in 1913, Dale and 
Richards^ made an extensive investigation of the )>luu’mocologic action of liista- 
inine in 1918 and concluded that it caused dilation ot the capillaries by decreas- 
ing the tone of these vessels. Lewis^ showed tliat tin* normal skin gues a constant 
reaction to histamine characterized by the formation of a central wheal and sur- 
rounding flare. He and lus assoeiate.s proved this reaction to be of a threefold 
character, terming it ‘‘the triple response.^’ Starr' applied this histamine reac- 
tion to a study of the circulation in the feet of patients with dialietie arterio- 
sclerosis and found it impaired or absent in cases with tlie pri senee of actual 
gangrene. The test has been furtlier used by (Jahlwell and -Mayo," Rondclli, 
Roxburgh, « King,® and others in testing various reactions of the skin. 

Thirty-six 21-day-old white male rats were used in tlie study. Twelve of 
these were placed on a higli fat diet in group I, 12 on a low fat diet in group II, 
and 12 on a normal control diet in group III. ^ 

Group I, consisting of the rats receiving a higli fat diet, were fed Meiccs 
fat-free casein (0.84 per cent fat) 16 per cent, chemically pure sucrose 43 per 
cent, lard 25 per cent, fat-free dried yeast 12 per cent, and salt (Oshorn-SIendel 
mi.xture) 4 per cent; vitamins .A and D were supplied from imnsaponifiable 
niaterial extracted from Jiigh grade cod-liver oil. Group II leceive a ow a 
diet containing Jlerck’s piu-ificd fat-free casein (0.S4 per cent fat) 16 per cent, 
cliemieally pure sucrose 68 per cent, fat-free dried yeast 12 per cent, salt (Osboru- 
Mendd mixture) 4 per cent, and vitamins A and D in the form of nonsaponifiable 
material obtained from liigh grade cod-liver oil. Group III received a normal 
diet containing lierck’s purified fat-free casein (0.84 per cent fat) 16 per cent, 
eliemieally pure sucrose 58 per cent, lard 10 per cent, fat-free dried yeast 1- per 
eent, and salt (Osborn-Mendel mi.xture) 4 per cent; vitamins A and D were sup- 
plied from nonsaponifiable material obtained from higli giude cod- i\ei oi . 

The animals were maintained on this dietary regime lor sixty-six days, at 
^liicli time it was felt sufficient clianges in tlie body fat had occurred to iiia -c 

the section o( Dermatology and Syph.Iolosj- ol the Department of Me, Heine, Dolio 
ersity School of Medicine, puiIiam. 
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observation worth while. We were careful to observe that no obvious fat de- 
fieieney changes had become evident.^® 

The skin was tested after the manner of Starr on the sixty-sixth day aiter 
the dietary regime was begun ; this consisted of the application of one i'op of 
a 1 -.1,000 aqueous solution of histamine acid phosphate pricked into the sltin 
with seven pricks of a needle. The tests were made on the previously shaved 
abdominal walls of each of the three groups, and the reactions were read at two 
and one-half-, five-, and ten-minute intervals. 

A normal reaction as seen in group III consisted of a wheal 3 ram. by 3 mni. 
in diameter, which appeared within two and one-half minutes accompanied by 
a flare approximately 1 cm. in diameter surrounding the wheal. In group I, or 
the high fat group, the wheal was 3 mm. by 3 mm. in diameter, with a surround- 
ing erythema 1.5 cm. in diameter; in group II, the low fat group, the wheal was 
3 cm. by 3 cm., with an erythematous flare 1.5 cm. in diameter. At times irreg- 
ular boundaries of the flare were difficult to determine, but this was true in all 
groups and the flares were essentially the same. The reactions were again tested 
by injecting intradermally 0.05 e.c. of 1:1,000 histamine acid phosphate. Al- 
though the reaction was some larger in each of the three gi’oups, there were no 
essential differences. 

From these observations it appears that the cutaneous reaction in white 
rats for 1 .-1,000 histamine acid phosphate with skin prick and intradermal in- 
jections is not influenced by the amount of fat ingested in the diet. 

We are indebted to XIrs. Susan Gower Smith for supplying the diets used and for ma ) 
valuable suggestions. 
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THE EELATIONSHIP BETWEEN PLASJIA PROTEINS AND 
ERYTHROCYTE SEDIMENTATION RATES IN CHRONIC 
ATROPHIC ARTHRITIS* 


Roland Davison, ]\I.D., Tucson, Ariz. 


With the Technical Assist^vnce of jMildred Woolley, M.A., and 
Eleanor Donovan, B A. 


N O UNIFORMITY of opinion exists regarding tlie factors which are respon- 
sible for the increased erythrocyte sedimentation rates observed so fre- 
quently in atrophic arthritis. Some investigators conclude that increases in 
erythrocyte sedimentation result from quantitative clianges in the plasma pro- 
teins, while others contend there is no causal relationship between the erythro- 
cyte sedimentation rate and the plasma protein concentrations. Patients having 
atrophic arthritis often show striking clinical im))rovement following whole 
blood transfusions with lowering of tlie sedimentation rate. If changes in sedi- 
mentation are quantitatively related to changes in plasma protein concentration, 
the lowered sedimentation rates observed following transfusion sliould be re- 
flected in plasma protein estimations. 

The investigations here reported were made in the liope of contributing 
information which might help in the solution of tliis problem. 

material 

The investigations were made on patients wlio were under observation in 
the Desert Sanatorium, Tucson. The report covers only studies made on pa- 
tients having a clinical diagnosis of chronic atrophic (chronic infectious) arthri- 
tis. Patients having mixed arthritis or liypertrophic arthritis are excluded. 
The ages of the patients range from 20 ycai's to 71 years, and tlie duration of the 
erthritis from 2 years to 40 ycai’s. In addition to the patients presenting 
“active” arthritis, observations made on 8 patients, who had previously had 
atrophic arthritis but who were clinically arrested at the time of observation, 
are presented. 

5IETHODS 

Blood was ivithdrawTi from patients by venepuncture, in every instance be- 
fore breakfast, great care being taken to avoid venous stasis.^ From the speci- 
mens thus obtained the following estimations were made : complete blood count 
(including erythrocytes, hemoglobin determination, total leucocytes, differential 
count, and Schilling hemogram) ; sedimentation rate; plasma albumin, globuUn 
^J^brinogeii; albumin-globuUn ratio; and total proteins. The AVintrohe 

•Prom the Desert Sanatorium, Tucson, Ariz. 

Received for publication, September 5, 1939. 
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method" was used for hemoglobin determinations. Scdimejitatioii rates were 
determined by tJw Westergi'en metliod. Three per cent .sodimn citrate \va.s used 
as the anticoagulant in the proportion of 0.25 e.e. to 1 e.c. of blood. Tk 
observations were begun shortly after the blood was withdrawn, and the hfcs 
were mounted in a rack having a gangc to insure tlieir being vertical. No cor- 
rection Avas made for cell volume or temperature. The recorded i-ate shows liie 
amount of sedimentation that occurred in one hour. 


The separation of blood cells from plasma (or sedimentation) is appai'eati.v 
dependent on rouleaux fownation. In normal or slowly sedimenting bloods, each 
rouleau contains few erythroeytas, and the cell aggregates appear evenly dis- 
tributed. In pathologic bloods showing rapid sedimentation, each rouleau con- 
tains many corpuscles, and the rouleaux are clustered together leaving large 
areas of free plasma between them. The sedimentation rate is directly propor- 
tional to the size of the cell aggi'egates or rouleaux. Since sedimentation de- 
pends on the size of the rouleaux and not npon the total volume of cells pment, 
there is no need for cell volume correction. Anemia per se has a negiiyibie 
effect on the rate of settling of the erythrocytes.^’ * Cell A’olume may afet 


readings made during the jjacking stage, but with Westergren tubes of 200 nmi. 
length the sedimentation phase is rarely complete in one hour,® at which time 
readings were made in these studies. iUthough all observers agree that the tem- 
perature of the room or the receptacle influences the sedimentation rate, and 
gx'cat differences in rates are observed when readings are made at temperatures 
of 10°, 23°, and 37° C,“ Wintrobe® showed mean variations of only 3 jms- 


when readings are made at temperatures between 20° and 26° C. Summer tem- 
peratures in Tuesou frequently reach 37° C., and occasionally 40° C. B has, 
therefore, been necessary in some of our studies to create artificial cooling- Tk 
observations here reported were made at temperatures between 20° and 24 
Plasma proteins were estimated by the Wu aixd Linn® colorimetric ®*^^*^|* ' 
Duplicate determinations were made frequently to insure accuracy of the lesa s. 


Table I 

"NTfinMAt. UOXTIlOLS 



results 

Table I shows the results in normal controls. The data and 

mentation rate, plasma fibriJiogen, albumin, globulin, albumin-g o ^ ^ 

total proteins. These figures agree with normals reported y atrophk 

Table II shows the results in active, moderately severe to activiT 

arthritis. The data include sex, duration of arthritic ^ albumin- 

graded 1 to 4, .sedimentation rate, plasma fibrinogen, albumm, g 
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gjobulin ratio, and total proteins. To facilitate study of tlie table, the highest 
sedimentation rate observed is recorded at the top and progressively diminish- 
ing sedimentation rates follow. 


Table II 

ClinicalIaY Active Atrophic Arthritis 


K.MIE 

SEX 

DURATION 
OF AR- 
THRITIS 
(VR.) 

CLIN- 

ICAL 

ACTIV- 

ITY 

GRADE 

SED. 

R.\TE 

Mil. 

TESIP. 

C* 

tlBRlN- 

OCE.V 

ALBU- 

MIN 

GLOB- 

ULIN 

A.-G. 

RATIO 

TOTAL 

PRO- 

TEINS 

■ff. E. 

F 

4 

4 

125 

20 

0.55 

5.77 

2.33 

2.4 

8.1 

W. E. 

F 

4 

4 

113 

25 

0.74 

4.58 

3.48 

1.31 

8.06 

W. E. 

F 

4 

4 

110 

24 

0.6.3 

5.34 

3.04 

1.75 

8.3S 

M. D. 

F 

4 

4 

110 

22 

0.68 

6.3 

0.5 

12.6 

6.8 

M. J. 

M 

o 

4 

105 

23 

0.66 

4.62 

3.60 

1.28 

8.22 

K. 

F 

2 

3 

103 

23 

0.50 

4.15 

.3.16 

1.31 

7.31 

L. K. 

11 

7 

4 

94 

22 

0.44 

6.00 

1.43 

4.2 

7.43 

J. E. 

11 

12 

4 

89 

23 

0.80 

7.10 

0.80 

S.S 

7.90 

C« 

ir 



88 

22 

0.54 

3.60 

3.16 

1.14 

6.76 

C. B. 

11 

7 

4 

87 

22 

0.40 

5.10 

2.30 

2.21 

7.40 


11 

2 

4 

84 

22 

0 63 

5 56 

2.84 

1.95 

8.40 

M. D. 

F 

4 

4 

83 

20 

0.41 

4.28 

2.52 

1.7 

7.80 

W. B. 

F 

25 

3 

80 

23 

0..32 

4.80 

2.37 

2.02 

7.17 

b. J. 

F 

2 

2 

75 

24 

0.66 

4.53 

3.95 

1.15 

8.48 

Aa Ala 

r 

3 

4 

09 

22 

0.45 

4.62 

2.40 

1.92 

7.02 

AYa B, 

p 

25 

3 

63 

25 

0 68 

5 04 

4,90 

1.03 

0.94 

Ala Ja 

11 

5 

4 

65 

23 

0.50 

4.49 

.3,63 

TOO 

8 12 

M. J. 

11 

5 

4 

65 

19 

0.39 

2.37 

3.85 

1.62 

0.22 

B. F. 

ir 

12 

.3 

64 

21 

0.43 

4.66 

0.31 

15.0 

4.97 

ba Ja 

F 

2 

2 

62 

22 

0.4.3 

4.71 

5.05 

0.93 

9.76 

Afa Da 

F 

4 

4 

60 

19 

0.47 

3.85 

3.79 

1.01 

7.64 

CXa H. 

11 

40 

1 

60 

oo 

2.00 

4.90 

1.50 

3.26 

6.40 

Ma Ma 

11 

27 

3 

60 


0.38 

5.80 

3.0 

1.7 

8.80 

Ja Ha 

11 

12 

3 

60 

23 

0.50 

4.60 

1.70 

2.7 

6.30 

Sa 

F 

10 

4 

57 

25 

0.41 

4 SO 

3.30 

1..33 

7.60 

A. il. 

F 

3 

4 

55 

23 

0.52 

5.35 

2.84 

1.33 

8.19 

M. D. 

P 

4 

4 

53 

23 

0.61 

6.0 

0.55 

10.9 

6.55 

W. B, 

11 

S 

3 

50 

23 

0.49 

4.92 

2.68 

1.83 

7.G0 

• B. 

M 

8 

3 

50 

23 

0.41 

4.92 

2.37 

2.08 

7.29 

J. Ha 

11 

12 

3 

50 

21 

0.42 

3.80 

3.26 

1.10 

7.06 

H. Ja 

F 

9 

2 

50 

99 

0.63 

5.56 

2.84 

1.95 

8.40 

G. 11. 

IX 


1 

49 

22 

0.40 

5.80 

3.00 

1.93 

8.80 

J. II. 

11 

12 

3 

47 

oo 

0.44 

4.19 

9 91 

1.89 

6.40 


11 

0 

2 

43 

24 

0.3G 

4.30 

2.84 

1.5 

7.14 

R. C. 

F 

30 

1 

40 

20 

0.40 

5.20 

2.30 

2.26 

7.50 


P 

Vj 

1 

40 

22 

0,23 

5.20 

3.0 

1.70 

8.20 

L. K. 

M 

7 

4 

39 

21 

0.40 

4.45 

3.22 

1.3S 

7.67 


11 

12 

3 

35 

24 

0.51 

3.80 

1.60 

2.3 

5.40 

la Lj, 

F 

% 

1 

33 

23 

0,33 

4.30 

3.16 

1.34 

7.46 

G. M. 

ir 


1 

31 

22 

0.47 

4.91 

3.31 

1.5 

8.22 


F 

Vi 

1 

30 

23 

0 34 

3.42 

2.43 

1.4 

5.85 


11 

12 

2 

25 

21 

0.34 

3.85 

2.84 

1.37 

6.69 


P 

% 

1 

20 

20 

0.38 

2.48 

4.04 

0 61 

6.52 


Pihrinogen: AVhile fibrinogen increase is observed in the majority o£ these 
patients and liigh sedimentation rate.s are frequently accompanied by high plasma 
fibrinogen content, there are numerous exceptions to the rule, and some of the 
"Shest sedimentation rates are observed in bloods which show relatively little 
yiere.ise in fibrinogen. In some rapidly settling bloods no increase in fibrinogen 
IS observed, whereas, considerable fibrinogen increase is observed in bloods show- 
"ig only moderately increased sedimentation. 
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Alhumm: In only 6 patients are the albumin concentrations below normal 
levels. Four of these 6 patients showed normal albumin values at other exami- 
nations. The group as a whole shows no tendency to hypoalbuminemia, and no 
relationship is evident between plasma albumin concentration and sedimenta- 
tion rate. 

Globulin: Of the 43 globulin estimations recorded, 24 are above average 
normals. The globulin increase is always proportional to the increase in sedi- 
mentation rate. 

Albumin-Globulin Ratio: Due to the apparent increase in globulin, a re- 
duced albumin-globulin ratio is the most constant finding in these studies, but 
no relationship to the sedimentation rates is demonstrated. Some of the lowest 
ratios obseiwed accompany relatively low sedimentation rates. Albumin-globu- 
lin ratios will be discussed later. 

Total Proteins: Total protein concentration is below normal in only two 
patients. There is no evident relationship between total protein concentration 
and sedimentation rate. 

Tables III to VIII, inclusive, show a chronologic record of blood counts, 
sedimentation rates, and repeated protein estimations in individual patients wlio 
had received blood transfusions. All these patients had clinically active grade 4 
atrophic arthritis with multiple joint involvement. 

Patient D-15 (Table III) shows great reduction in sedimentation rate fol- 
lowing repeated small transfusions after long-continued high rates and failure 
to improve clinically on other therapeutic measures. No change in plasma pro- 
tem percentages or in their proportion to each other accompanied the fall in 
sedimentation rate. Although the sedimentation rate increased again, the in- 
crease was accompanied by a reduction in fibrinogen and normal plasma protein 
relationships (October 4) ; a definitely lower sedimentation rate (November 4) 
was accompanied by an increase in both fibrinogen and globulin. 

Patient E-16 (Table IV) definitely shows improvement in plasma protein 
delations accompanying lowered sedimentation rates. Although plasma proteins 
^'ere normal at the last examination, the patient at that time showed definite 
evidence of clinical activity. 

Patient K-27 (Table V) was observed for three months before transfusion 
'ras given. During that period he failed to make any clinical improvement. Fol- 
lowing two transfusions, on June 23 and on June 28, clinical improvement was 
definite and sedimentation rate was reduced. Low fibrinogen and globulin per- 
centages accompanied a high sedimentation rate. A greatly reduced sedimenta- 
lioii rate (September 20) accompanied increased globulin and diminished al- 
’®ln with practically no cliange in fibrinogen percentage. The same total 
protein concentration was observed with sedimentation rates sliowing great 
Variation. 

Patient J-55 (Table VI) shows only a slight reduction in sedimentation rate 
accompanied by a relatively great reduction in plasma fibrinogen following two 
^ood transfusions. Definite lowering of the albumin-globulin ratio was ob- 
served with the highest sedimentation rate. A lower sedimentation rate (Sep- 
cnibor 30) was accompanied by reversal of live albumin-globulin ratio. The 
■‘Sedimentation rate observed on October 14 is still high, tliough the albumiu- 
8 obulin ratio has returned to normal. 



Repeatkd Studies 

Patient J-56, Male 


942 


THE JOURNjUi OP LjVBOHATOEY AND CLINIC^IX, MEDICINE 























DAVISON : PL.VSMA PROTEINS IN CHRONIC ATROPHIC ARTHRITIS 943 

A relatively high plasma fibrinogen and globulin with a low albumin-globulin 
ratio accompanied a rapid sedimentation rate in patient J-56 (Table VII). Two 
weeks later, after two blood transfusions, a reduction in fibrinogen was observed 
with a considerable lowering of the sedimentation rate. The albumin and globu- 
lin fractions and the total proteins remained unchanged. A comparison of plasma 
protein determinations made on September 30 and November 10, demonstrates 
the great differences which may occur in total protein, fibrinogen, and the 
albumin-globulin factors with identical sedimentation rates. Although the sedi- 
mentation rates observed on September 30 and November 10 are identical, the 
plasma fibrinogen, the albumin and globulin factors, and the total proteins are all 
lower on the latter date. 

Table VIII shows repeated estimations of plasma proteins in a patient 
whose sedimentation rate remained practically unchanged. The record shows 
only the sedimentation rates done at the times the plasma proteins were esti- 
mated. Additional observations of the sedimentation rate made at frequent 
intervals between the dates shown in the record varied only a few millimeters 
from those sho^vn here. Four transfusions at intervals of approximately one 
week failed to reduce the sedimentation rate materially, though the patient’s 
temperature was brought to normal levels and she was clinically improved. 
Badly infected tonsils, showing a nearly pure culture of an alpha streptococcus, 
were removed on February 23. AVith sedimentation rates at the same level, 
fibrinogen increase was observed following the transfusions. The globulin in- 
creased slightly, though the total proteins remained constant. Transfusions were 
done again on JEarch 20 and on Alareh 25. When tlie sedimentation rate and 
plasma protoms were again studied on April 18, further increase in fibrinogen 
appeared, the globulin showed increase, and there was a reduction in the albumin 
concentration. A progressive fall in the albumin-globulin ratio was demon- 
strated while erythrocyte sedimentation remained constant. 

Table IX 


Clinically Arrested Atropuic Arthritis 


rATiE.VT 

AGE 

SEX 

DURATION 

ARTHRITIS 

YR. 

SED. 

RATE 

MM. 

TEMP. 

C.” 

FIBRINOGEN 

ALBUMIN 

GLOBULIN 

A.-G. 

RATIO 

TOTAL 

PROTEINS 


u 

F 

4 

20 

Oo 

0.6 

4.7 

2.2 

2.13 

6.9 


27 

F 

8 

17 

27 

0.4 

5.8 

2.9 


8.7 


23 

U 

4 

15 

21 

0.3 


4.0 

1.5 



24 

U 

5 

14 


0.4 


0.42 

14.28 

6.42 

B-ii 

3G 

M 

4 

14 

23 

0.45 

5.2 



5.70 

T 

51 

M 


13 

oo 

0,49 

5.13 


2.5 

7.18 


48 

U 

26 

8 

25 

0.45 

5.5 

1.9 

2.36 



32 

F 


17 


0.41 

4.8 

2.6 

1.84 

7.40 


Table IX shows that even years after quiescence of the arthritic process 
and relatively low sedimentation rates, there often remains some increase in the 
plasma fibrinogen content and a disturbance in plasma protehi relationships. 


DISCUSSION 

It is evident from many studies made that some change in the plasma is 
responsible for acceleration of the erythrocyte sedimentation rate. When the 
erythrocytes of a rapidly settling blood are separated from the plasma in which 
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they are contained and are resuspended in the plasma of a slowly settling blood, 
they settle slowly.® Erythrocytes suspended in a pure albumin solution settle 
very slowly ; when they are suspended in a pure globulin solution, they settle 
rapidly ; in a solution of fibrinogen, they settle very rapidly. When albiiraiit 
is added to a globulin solution, the sedimentation of erythrocytes suspended in 
it is not altered, whereas the addition of fibrinogen definitely accelerates sedi- 
mentation. When the concentration of globulin is increased, the sedimentation 
rate is increased, though the sedimentation rate increases more rapidly than the 
increase in globulin concentration.^^ Some investigators^"’ consider fibrino- 
gen the most important factor influencing the sedimentation rate, and Erustene’' 
observed definite parallelism between the plasma fibrinogen coueeiitration and 
the sedimentation rate in rheumatic fever. Others'"''" find no definite parallel- 
ism between fibrinogen percentage and sedimentation rates. In atrophic arthritiii 
divergent opinions have been expressed, Davis"" reports increase in fibrinogen 
and globulin proportional to the increase in sedimentation rate, but Aldml- 
Brown and Munro'" find no parallelism between sedimentation rate and either 
plasma globulin content, albumin percentage, albumin-globulin ratio, or total 
proteins. 

There is considerable doubt whether serum albumin and globulin can be 
regarded as chemical entities"’’ -- or whether separation of the plasma protein 
into distinct fractions is possible."*’ That portion of the protein which is pre- 
cipitated h}' 50 per cent saturation Avith ammonium chloride is usually consid- 
ered to represent the glolmlin fraction. Roche, Dorier, and Samuel"" find 
higher saturation may be necessary to precipitate the globulin from normal sera, 
and that certain pathologic plasmas have characteristics Avhich make sepaiatioii 
of the albumin and globulin impossible."" Alodification in tlie moleculai con 
stitution of blood protein has been demonstrated in the carcinoma,*' "dneh aso 
is characterized bj" a great increase in eiythrocyfie sedimentation, and in o ic 
pathologic states. Tiffeneau and Gysin"* find that .sedimentation rate 
on the size of plasma protein molecules which Svedberg"" has shown 
of change in their molecular size. When so much uncertainty exists 
the separation of plasma protein into distinct fractions, albnmin-glo m ^ 
can have hut little, if any, significance. Change in the composition 
the protein molecules in the plasma of per, sons with arthritis maj 
the divergent results obtained different Avorkers attempting to exp ain^ 
in eiythrocyte sedimentation rates on the basis of quantitative cliaii-,c 
protein fractions separated by chenAical methods. . ^ 

Cholesterol and the phosphatides may piay some part in niodi 
effects of the plasma proteins on erythrocyte sedimentation. We pj.g. 

to relate cholesterol content to the observed discrepancies between P‘- 
teins and sedimentation rates Avitliout success. 

SUAIMARY AND CONCLUSION 

1. Parallel studies of erythroejfie sedimentation and ^eJatiaiis!>'P 

patients having atrophic arthritis fail to demonstrate any cons an^^ pja.sniii 
betAveen the sedimentation rate and the percentage eoncentiation 
proteins. 
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2. Repeated small whole blood transfusions arc fre(iiiently followed by reduc- 
tion in sedimentation rate without improvement in plasma protein relationships. 

3. The possible reasons for failure to establish quantitative relationship 
between plasma protein concentration and sedimentation rate are discussed. 
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THE SIGNIFICANCE OF HRINARY CHLORIDES IN CASES OP 
pneujmonia treated with SULFAPYRIDINE* 


With Sous Resiarks osr the SECOHOARy Tejiperature Rise 


William Antopol, M.D., and Jacob Churg, M.D., Newark, N. J. 


I n 1850 Redtenbaclier^ reported the diminution of urinary chlorides in iiie 
course of pneumonia. Since that time considerable literatoe has aceumu- 
lated dealing with the pathogenesis and significance of this retention of chloride. 
The urinary chlorides reach exaggerated low levels just prior to the crisis, vith 
the lowest level occurring at the time of the crisis. One to three days later, how- 
ever, it rises abruptly" to supranormal values, to return subsequently to normal. 

As it had been reported that sulfapyridine does not produce all the 
changes encountered at the spontaneous crisis,^ it was decided to investigate the 
chloride metabolism in persons with pneumonia who received snlfapyridme, 
with the view of correlating the chloride output Avith either clinical impro\e- 
ment, or a possible clinically undetectable "masked crisis.” For this pui'pose, 
the chloride content of the tAventy-foiu’-hour nrinaiy specimens was determine^ 
daily for the entire period of the hospital stay in 17 persons with pneumococcus 
pneumonia. Of these, 11 were definable as definite eases of lobar consoli a ion 
by x-ray studies. The remaining 6 cases were probably also lobar 
even though the clinical evidence was not sufficiently conclusive to classi y icm 
as such. It was found that the chlorides began to rise ou the sixth to t e o 
teenth day of the illness, and from the third to the seventh day after t le 
tion of sulfapju’idine therapy (Table 1). In almost every case the sui^ 
the chloride output was reached the day following the initial clilon o 
in rare cases, two days later. 

Because this chloride rise started after a fairly constant 
six days, with the majority four to five days folIoAving the 
one must consider a possible "crisis" I’elationship between the c on ^ 
and the defervescence, even though this interval was longer the 

found in untreated persons wdth pneumonia. This is further 
findings of oliguria and hypoehloi-uria in rabbits* after ^efei'- 

which might account for the additional delay in chloride sulfe- 

veseence. It is to be noted in Table I that in those instances (.gorilc 
pyridine was instituted early in the disease, the rise in the 
occurred at an earlier period in the coui’se of the disease t lan m altei^^i 
it Avas used at a later period. If the time of chloride jjje time of 

by sulfapyridine, one Avonld expect an inverse relationship c 
chloride excretion and the dui’ation of the disease Avhen t erapy 

‘From the Division of I^aboratories, Newark Beth Israel Hospital, 
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the iiiterviil lietwoeii tlierapy and chloride excretion would lie greater in the 
jeisons treated earlier and shorter in the persons treated later in the course of 
the disease. 

Because of these considerations, it appears that tlio nieehanism responsible 
for chloride excretion is similar in both the spontaneously and the cheniothera- 
peutically' induced crisis, despite pereisteuce of the physical signs and x-ra}' 
findings in tlie latter. 



Chart 1. 


It is noteworthy to single out the chloride response in persons with scc- 
I “’y tiomplieating infections, in w-hich the primary pulmonary pathology has 
Jcen arrested, as well as in persons with relapse. 

Case I With Relapse (Chart 1 ). — a ease of typo IX pncumocoecus pneu- 
1*oina with relapse, the urinary chlorides rose on the tenth day of illness, but 
“topped again on the twelfth day. This drop continued till the seventeenth 
' “I’ "’I'ou it started rising, returning to a normal level on the nineteenth day 
0 alness. During the period of the secondary drop in the cldorides, the patient’s 
• ‘omplaints recurred, bloody sputum containing the type IX pneumococcus again 
‘ “PPoored, and the fever returned. With the second urinary chloride rise, how- 
o'oi'i tile clinical condition improved and the temperature fell and remained 
oornial, . 
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Case II With Sloiv Improvement f Chart 3). —In a case of protracted pneu- 
monia in which tlie sputum contained a type XI and type XVI piieiimocoecus,- 
there was a question of independent acute sinusitis. Because of the low chloride, 
no operative interference was resorted to. The patient began to improve, insofar 
as pulmonary complaints were concerned, just prior to the rise in chlorides on 
the twenty-second day of illness, despite the fact that the sinus condition re- 
mained stationary. 

Case III With Extrapulmonary Complication (Chart 3). — In another case 
of a 2-year-old child the urinary output varied from 0.2 6in. to 1 Gm. per 
day. A secondary rise in fever occurred on the sixteenth day of illness, despite 
the fact that the chlorides had risen to 3 Gm. per day on the fourteenth day of 
ilbiess, and remained elevated above 2 Gm. thereafter. Since we have found in 
our cases that the urinary chloride excretion in children under 5 years usually 
did not rise much above 2 to 3 Gm., this was considered a. nownal urinary chlo- 
ride response and, accordingly, another cause for the recrudescence of fever was 
sought for, and an acute purulent mastoiditis was found. The patient recov- 
ered promptly after mastoidectomy. 


Table I 
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9 

48 

IX 

5p 

6 

6p 

10 

5 

4 

14 



0 


10 

71 

III 

7p 

9 

8p 

14 

7 

6 



0 


11 

57 

III 

Sp 

10 

9a 

13 

5 

4 

J.3 



,3 


13 

13 

14 

6 

10 mo. 

6 Vi 

? 

XIV 

IV 

2p 

3p 

4a 

3 

4 

5 

3a 

3p 

4p 

7 

7 

6 

5 

4 

3 

4 

4 

2 

4 

6 

3 

Nc 

3 

tve 

I 

Otitis 

15 

G 

nr 

5a 

7 

5a 

11 

6 

6 

11 



<1 

Masf^ 

16 

9 mo. 

VI 

lOp 

12 

lOp 

13 

3 

3 

1 



17 

2 

? 

10a 

17 

lip 

14 

3 

3 



- — 

— — 

' — ^ 



*a = A.M. p = P.M. 


SECONDARY TEMPERATURE RISE ^ 

Thirteen of our patients had a secondary temperature on 

99.7° F. to 103.0° F. after initial defervescence. Five of tliese gievcntli, 
seventh day of illness, 3 on the ninth, 2 on the eighth, an ^ .[(jiiie did 
thirteenth, and fifteenth (Table I). It was found tha ph'ppi'’^”*^ 

influence this secondary rise. This experience is similai o 







950 


THE JOUKNAL OP L^IBORATOEY AND CLINICiU. MEDICINE 


his collaborators.® In, 4 of these patients the secondary rise of temperature 
occurred simultaneously with the rise in urinary chloride, and in 3 patients, one, 
two, and three days prior to this rise. From the sequential position of tiiae 
phenomena it might be assumed that there is an apparent relationsliip between 
the secondary temperature rise and the urinary chloride increase, comsponding 
with the “crisis-urinary chloride events,” occurring in untreated patients with 
pneumonia ; and that the secondary temperature rise could very well correspond 
with the precritical hyperpyrexia occurring just prior to the crisis. However, 
we have found'* that administration of sulfap 3 ’Tidine to normal rabbits may be 
followed occasionally by a secondary fever three to four days after the drug 
has been discontinued: a finding Avhich must also be entertained a.s a possible 
explanation which might account for the secondary temperature rise in the 
human cases. 

SUMMARY AND CONCLUSIONS 

1. The urinary chloride rise in 17 persons with pneumonia treated with 
sulfapyridine occurred two to six days after defervescence, with the great major- 
ity occuri'ing on the fourth or fifth daj'. 

2. The I'ise is apparentlj^ related to a mechanism similar to that occurring 
after the spontaneous crisis in pneumonia. 

3. The rise is uninfluenced by exti-apulmonary complications. 

4. In 13 of these patients thei’e was a secondary temperature rise after 
defervescence. This occurred between the day of the increased urinary ddori e 
output and three days before this rise. 

5. This secondary rise in temperature is not influenced by sulfap.vridiK* 
and may be either a “crisis effect,” or a delayed reaction to sulfapyri me. 
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CHICKENPOX FOLLOWING CONTACT WITH HERPES ZOSTER= 


RePOKT 01-' Two HIlNOR Epidejiics 


Maurice L. Blatt, JI.D., JIary Zeldes, 3LD., axd Albert F. Stein, IM.D. 
Chicago, III. 


A CLINICAL syndrome rcsemblinj;: ehickenpox occurred in several patients 
under our observation at the Children’s Division of the Cook County Hos- 
pital during the past year. 

The original source of tlio virus in one instan«'p apparently was a bedrulden cliiltl, 
il. B., in the tuberculoua A\arc1. This chiltl was transferred from tlic oral surgery •\\ard on 
Ifarch 4, 3938, nith a diagnosis of tuberculous osteomyelitis of tlie mandible. His only 
contacts on the tuberculous uard were with llu^^es, attendants, medical personnel, and other 
patients in his own six-bed room. No visitors were allowed. None of his contacts weic 
I'Donn to have had chickenpox or herpes zoster 

On May 27, 1938, eleven weeks after his admission to the ward, he developed two 
patches of vesicles at tlie same thoracic-segiuenl level of the chest. One patch was just 
below the left nipple and the other patch was immediately to the left of the fourth thoracic 
vertebra. The patches were 3.5 cm. in diameter and consisted of from eight to ten pinhead 
to small pea-sized vesicles containing a clear fluid. Between tliese patclies, following tlie 
course of the intercostal nerve, were two fresh single vesiele-s ou a slightly elevated erythem- 
atous base. The posterior patch had been scratched ami denuded. There were no con- 
atitutional symptoms. A diagnosis of herpes zoster was made ; it was confirmed by the 
•livision of dermatology and the division of contagious di.-.ease.^. 

On June 9, 1938, thirteen days after the eruption of herpes in M. B.. the second child, 
L J., nho liad been in this same room for one year prior to tlie admission of the child 
with herpes, developed vesicles on the face and back. This child had Pott’s disease of 
the lower thoracic vertebrae and had been on a Bradford frame since June, 3937. With 
the exception of being taken to the x-iay dep.artment on the day before he developed his 
eruption, he had had no exposure other than to (he personnel in attendance on his ward. 
Shortly after the first vesicles were noted on the back and face, papulovesicular lesions 
appeared on the chest and extremitie.-*. On advice of a consulting physician from tho con- 
tagious division, lie was transferred with the diagnosis of chickenpox. By June 21, twelve 
'iays later, the last crust had disappeared, leaving only a few scars, and the child was 
transferred back to the tuberculous ward. 

A Secondary ease of cliickenpox occurred in a patient, R. V., who had been admitted 
the adjacent room on June 4, 1938, five days prior to the onset of chickenpox m L. J. 
This child liad not had chickenpox previously, nor had she had any recent contact with 
coatagious diseases. As in tho other rooms on this ward, no visitors were allowed at any 
On June 25, 1938, twenty-one days after her entrance in tlie hospital and sixteen 
after L. J. had developed his lesions, R. V. developed a universally di.sj.cminatcd cnip- 
^"'On that passed through the papular, vesicular, and later the crusting stages. She was 
Ivflnsferred to the contagious division as a case of chickenpox. There were no furtJicr cases. 

In the second episode the source of the viru.s could be traced to a nurse who had 
II^^Pcs ^z oatcr. The nurse, wlio hud had cliickenpox in childhood, de\ eloped an eruption 

‘I'rom the Chililren’s Division of Cook County Ho.vpU.il, CJiic.ino. 

^"-ceivud for publication, Soplcinber 11, 1939. 
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at the upper and lower edge of the left breast and over the left scapula on. Oct. 11, 1M5. 
The lesions were pinhead-sized vesicles on an elevated erythematous base, and were aceoa- 
panied by moderate deep pain on the day of onset. Her temperature varied between 9S“ F, 
and 99 F. A week after the onset she was referred to a dermatologic consultant, who 
made a diagnosis of herpes zoster. 

Two children exposed to this nurse developed chickenpox-like lesions nitliin eighteen 
and fourteen days, respectively. 

The first child, B. M., was admitted to the hospital Oet. 12, 1038, with a diagnosis of 
lead encephalitis. She had not had chickenpox, and her parents stated that she had not 
had any exposure to contagious diseases. She was a bedridden patient in a six-bed lOom, 
and was not allowed to have visitors. The nurse who had developed the heipetic eruption 
on October 11, was on duty in her room. On October 30, eighteen days later, B. M. de- 
veloped a generalized papulovesicular eruption. It was diagnosed as chickenpox and the 
diagnosis was confirmed by a consultant from the contagious division, to which she was 
immediately transferred. None of the children exposed developed chickenpox. 

E. D., the second child who developed chickenpox after exposure to this same nurse, 
was on the same floor as patient B. M., but at the opposite end of the hall. He had been 
in the hospital for one month with severe baciUary dysentery, and was isolated in a room 
with other dysentery patients. On October 18 the nurse rvitk herpes zoster was transferred 
for duty to the dysentery ward. On November 1, fourteen days after the nurse had been 
transferred to his room, E. D., who was now convalescent and awaiting release stool cultnre.-, 
developed a temperature of 100° P. and soon after was noted to have a varicelHform emp 
tion on the body. A consultant from the contagious division confirmed the diagnosis of 
chickenpox, and the child was transferred to that division. It is interesting to note W 
this child also developed scarlet fever two days after liis transfer to the contagious iiospit 

In eacli of these episodes, after chickenpox was diagnosed and the patiesls 
were transferred to the contagions hospital, the exposed rooms were closed ah 
placed under isolation technique. The tuberculous ward, where the first episo c 
occurred, has an occupancy at all times of approximately 60 patients 
months to thirteen years of age; half of these patients are ambulatory ® 
medical ward, where the second episode occurred, has an occupancy of » ^ 
patients, ranging in age from a few days to thirteen years; all are con^ 
bed. It is a striking observation that in each episode, in spite of the 
her of children in contact with herpes zoster and the secondary eiuptions^re^^^ 
ing therefrom, only four cases designated as chickenpox occurred. ” 
with the lack of wide dissemination folloiving e.xposure to herpes zoster 
resulting secondary eruptions, chickenpox epidemics are usually 
institutions following exposure to a single case. In these cases, as m c 
the varieelliform eruption appeared from thirteen to twenty-one 
sure to loiown cases of herpes zoster. This, together with the fact t la 
patients had been under observation in the hospital for moxe t lan a 
no visitors, would indicate that the relationship betxveen icipcs 
chickenpox is more than a mere coincidence. 

HISTORICAL 

Numerous cases of vaiucella following exposure to herpes jjicjdcnc*^ 
reported. French and British physicians have described many s 
and a number have appeared in American literature. ^ anparcih 

Von Bokay^ in 1892 in Budapest fii'st called attention le 
tionship of these two diseases. In 1909- he reported furt mi ca |j.j;qiientb' 
ing his original obsei'vation. He stated that children uei’e 
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affected; and that the disease appeared usually after an incubation period of 
fourteen to twenty days, the accepted incubation period of chiekenpox. He, 
together with Netter, contributed to the monistic theory which proposes that 
one vh’us causes both diseases, but that there occurs a mutation in the virus ; 
first, in regard to its infectivity (high in varicella, low in herpes zoster) and 
secondly, in relation to its tissue affinity. In the case of herpes zoster the virus 
shows a pronounced neurotropism; In varicella, dermotropism. Comby,^ on 
the other hand, adhered to a dualistic theory ; he thought the two diseases were 
caused by different viruses. 

Considerable experimental work has been carried on in an effort to estab- 
lish the relationship between these two diseases. Netter and Urbain*' ^ demon- 
strated by the complement fixation test that the sera of patients with herpes 
zoster and varicella contain identical antibodies. They used an antigen con- 
sisting of a saline extract of the crusts from the lesions. Sloreover, they showed 
that antibodies to varicella are equally present in the serum of symptomatic 
zoster, such as follows ingestion of arsenic, mercuiy, or bismuth. In 192S Netter” 
collected 174 examples of chiekenpox contracted in this manner in France. He 
found the incubation period was from seven to twenty-four days, wdth more 
than half falling between thirteen and sixteen days. He also collected 25 cases 
of herpes zoster following chiekenpox and found the same meubation period. 

Lipsehutz and Kundratitz’' ” inoculated infants with herpes zoster fluid 
and found that some developed local reactions and others developed a general- 
ized varicelliform eruption. They also found that children in contact with 
positive reactors to the herpes zoster inoculations developed chiekenpox. Fur- 
ther, they noted that children who had recovered from varicella proved immune 
to inoculations of herpes zoster fluid; and children who had recovered from 
natural or experimental herpes zoster were immune to varicella fluid. Finally, 
they found that serum of patients convalescing from herpes zoster could be 
administered as a protection against varicella, and that varicella and experi- 
mental herpes zoster had the same incubation period. 

Kundratitz’s experiments were repeated and confirmed by Bruusgaard,” 
although Lauda and SilbersteriP” did not agree witli tlicir results. Bruusgaard 
noted that the general exanthem following inoculation with zoster fluid was 
naorphologically and histologically indistinguishable from varicella. Only chil- 
dren under five years of age proved susceptible. His cases simulated true 
'’arjcella in every respect. He noted, however, that the fever was low, seldom 
“'■cr 100.4° F. to 101.3° F., and that the vesicles showed quick desiccation. 

Paschen" reported the finduig of elementary corpuscles similar to those of 
'aneella and vaccinia in the blister fluid. Suspensions of these corpuscles were 
speeifieaily agglutinated by the sera of herpes zoster convaiescents. Amies," 
ollowing this work, showed that elementary bodies morphologically similar to 
wse found in varicella were constantly present in vesicle fluid of herpes zoster, 
la attempts to demonstrate the relationship by cross-agglutination tests met 
"d 1 a fair measure of success. 

Brain" confirmed the complement fixation e.xperiments of Netter and Urhaiii.^ 
antigen from herpes zoster and varicella vesicle fluid instead of * 
ot the crusts. 
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Gokllierg anil Frances'* in 1918 reported tlireo cases ol sinmltaucoiis 
cliickenpox and herpes zoster at the C'oolc County Hospital. 

Goldsinithd'' in reviewing the subject, stated that persons develoi) variceiia 
following exposure to herpes zoster ten times more frequently than do pcfsoiis 
develop herpes zoster following exposure to varicella. He also stated tliut Can- 
tor,'“’ in 20 years ’ work on an island in the Pacific, saw many cases of lierjies 
zoster but had never seen one case of cliickenpox. Storen'“ in Norway hail a 
similar experience ; he had never seen varicella although he had seen cases of 
herpes zoster. 

DISCUSSION 

A review of the literature still leaves one in doubt as to whether the virus 
of the two diseases is identical or wdiether it is two separate entities. Varicella 
results in a more or less permanent immunity to itself. It is not unusual for 
individuals who have had varicella to contract herpes zoster subsequently, though 
herpes zoster is relatively an uncommon disease. In our experience ehickeiipo-v 
following exposure to herpes zoster has been infrequent. We have observed 
several epidemics of ehiekenpox in the Children’s Division, and in each in- 
stance the number of individuals secondarily infected was uunierou.s; it has 
been one of the most difficult contagious diseases to control. On the otlier Imnd, 
herpes zoster has appeared in a number of patients in the wards without being 
followed by other eases of lierpes zoster or of cliickenpox. 


CONCLUSIONS 

1. Two minor epidemics of cliickenpox following herpes zoster are reported. 

2. These episodes differ from the usual cliickenpox epidemics in 
few secondary cases occurred among so many children exposed. 
seem that ehiekenpox follows exposure to herpes zoster in compaiatiie J 
instances. On the other hand, exposure to ehiekenpox has iisuall} beci' 
lowed by an epidemic in our institution. 

185 N. W.VBAsii Avenue 
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ON THE PUOBLBM OF DIARKIIEAS OF CHILDHOOD: A STUDY OF 543 
ATTACKS IN CHILDREN AT BEIRUT, SYRIA* 


J . Leonakd JIooee, JI.D., and B. Westehvelt Dennis, JI.A., Ph.D. 
Beirut, Syria 


INTRODUCTION 


'T’lIE term ‘'diarrhea” is used in this paper as meaning ‘’abnormal fre- 
'*• queuey and liquidity of fecal discharges (Hippocrates),”^ and without 
any eounotation pertainiug to etiology, .severity, prognosis, or presence or 
absence of blood or mucus. It is now generally believed tliat diarrheas, which 
are characterized by blood, pus, and mucus in the stools, witli accompanying 
toxemia, are usually due to infection with one or more species of micro- 
organi.sms whose pathogenicity has been establislied by conventional criteria. 
Diarriieas which are not characterized by the presence of blood in the stools 
and by toxemia liave, however, been given less attention, and considerably 
less re.spect, because of their relative mildness and because it has frequently 
been iinpo.ssible to isolate or identify any of the organisms which have been 
convicted as patliogens. 

Tile serie.s of cases diseus.sed here represents typical sporadic diarrheas, 
Jibout wiiieh little is known as compared with those whicli have been observed 
epidemic form. The purpose of this paper is to present the results of a 
t^srefidly made survey of the microbial flora and fauna, with consideration of 
^be clinical aspects of the cases coiiceriied. Tlie laboratory data are pre- 
^'^nted as a basis for the clinical discussion and for such intrinsic value as a 
cCneral knowledge of the organism.s likely to be eucoiiiitered in analogous 
cases may have. Between October, 1933. and June 30. 1936, 543 attacks of 
^■aiTliea which affected 490 paticnt.s were studied.t iMany of the children 
“iider observation had more than one attack of diarrhea during the period 
study, .so that the number of attacks recorded is greater than the number 
pati ents. I’liese attacks were con.sidered to be new illiiesse.s ratlier than 


t'lnn- Department of Pediatrics and tliP Dcpaitmcnt ^ Bacterlolojjy and Parasit- 

«. School of Medicine of the Ameilcan University of Ucirut. Beuut, Lebanon (Syria). 
Received for publication, April 22, 1939. 

il'e ie-iro hospital and clinics were closed fioin Jidy 1 ^ October I fo** each of 

not rnm •'^eluded m the study, and cases which occurred in the city during midsummer did 
come within the scope of this study. 
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relapses, ivlien the time between attacks was eight weeks or more,- but most 
of the multiple attacks oceui-red at intervals of several months. Data pertain- 
ing to number of cases and number of attaelcs in relation to age and se-x are 
given in Tables I and II. 

Table I 


Total Cases and Total Number op Attacics According to Age Grows 



0-12 MO. 

13-24 sio. 

2-5 TE. 

6-12 TR. 

TOTAL 

No. attacks 

208 

183 

■niiMi 



No. cases 

193 

160 





T.vble II 

Sex DisTPaBUTiON op 543 Attacks 


0-12 MO. 

13-24 MO. 

2-5 YK. 

6-12 YE. 

TOTAL 

Attacks 






Female 

SI 

71 

31 

15 

19S 

Male 

127 

112 

78 

28 

315 

Total 

208 

183 

109 

43 

513 

Cases 






Female 

73 

62 

26 

15 

175 

Male 

119 

98 

69 

27 

313 

Total 

192 

160 

95 

42 

4S9 


Approximatelj’’ 50 per cent of the patients were not seen until after tie 
fifth day of illness, and 11 per cent ivere not seen until after three or moK 
weeks of illness. The patients examined bj’- the laboratory were “unselected 
in that no distinction was made on the basis of the type of diarrheal stoo 
(i.e., bloody, mucous, or watery). ^ 

The seasonal incidence of the attacks studied is presented in Table 


October 

November 

December 

January 

February 

March 

April 

May 

June 

Total 


Table III 



METHODS OP Li\.BOR.ATORY EXAAIINATION (Ory jS 

Stools from hospitalized patients were sent directly to the 
special containers. Patients from the Out-Patient Clinic weie ^ 
ratory, where the stool specimens Avere obtained. Rectal swa ^jj^joraforj' 
the case of most infants. All stool specimens were examine a 
as soon as received. 
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The specimen of diariTieal stool was routinely examined by both hacterio- 
logic and protozooloyia methods. The fresh specimen was streaked on bacto endo 
and bacto eosin-metbyleue blue agar plates. At tbe same time a portion of the 
specimen was emulsified in saline and examined for protozoa and for pus and 
Hood cells. Helminth ova or larvae were reported when observed, but no 
special steps were taken to ascertain their presence. Two smears of each 
specimen were fixed in Schaudiun ’s fluid, stained with iron hematoxylin, and 
searched for protozoa. 

The plates were incubated at 37“ C. for twenty-four hours. The organ- 
isms present were subsequently identified by their action on differential media 
and by agglutination. Tbe only bacterial species wbieh was ignored was 
Escherichia coli (comimmis). If an organism could not be immediately identi- 
fied, it was maintained among our stock cultures until opportunity arose for 
further study. Organisms which gave characteristic sugar reaction, but which 
were not agglutinated by specific sera, were reported ivith reservations (i.e., 
Salmonclla-like “species,” and saved for further study). 

The bacterial nomenclature followed is that of Bergey.“ 

RESULTS OP THE SURI'EY 

In Table TV are presented the number of times the various organisms 
were reported, their percentage iucideiiee iu the 543 attacks, and the number 
of times each organism was the sole finding except for Escherichia coli. The 
table also shows the distribution of the reports according to the ages of the 
patients. Host of the organisms reported occurred so infrequently that they 
cannot be evaluated, aud are not given further consideration iu this study. 

Comparison of the data obtained in this survey with reports from other 
areas (Table V) is complicated by the fact that most reports are based upon 
a study of selected material, usually representing that phase of diarrhea 
designated as “dysentery.” Reports on the systematic examination of stools 
of children for hath bacteria and protozoa are extremely rare. 

The incidence of Giardia lamblia (15.5 per cent) was higher than that of 
any other species of organisms reported, bacteria included, and was 25 per cent 
greater than that of tbe paradysentery group. Of particular interest is the 
age distribution (10 per cent in the first year, 15 per cent in the second year, 
28 per cent in the 2 to 5 year group, and 9 per cent in the 6 to 12 year group) 
wlieu compared with that of Boecko for children who did not have diarrhea 
(0 in the first year, 7.4 per cent for the second year, 18 per cent for the 2 to 5 
year group, and 15.8 per cent for the 6 to 12 year group). The incidence of 
Gtardia iu hospital patients in Beirut is 5.5 per cent,i= and the incidence in 
'bildren admitted for diseases other than diarrhea is only 7.5 per cent. 

cIaAssification of diarriiea and observations in relation to 

APPEARANCE OP STOOL 

111 classifying the eases which have come uuder observation we have made 
an attempt to dissociate the purely descriptive aspects of types of diarrhea, 
based upon the appearance of the stool, from their clinical eonuotations, in 
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Table IV 


INCIBENCE OF Microorganisms Encounteueb is Bacteihologic and Pkotozoowgic 
Ex,vminations op Stools np AT^TinU'CI /YU rVT\T>I.TTr>. 


0-12 

MO. 

13-24 

MO. 

2-5 

YK. 

i 6-12 m 

TOT.tL 










REROBTS 

CENT 

TOTAL 

SOLE* 

TOTAL 

SOLE* 

total 

SOLE’ 

TOTAL 

SOLE 

TOTAL SOLE 

■ IXCI* 
BEXCE 

- 

- 

1 

- 

- 

- 

1 

- 

2 - 





2 



— 

— 

2 

0.37 

13 

s 

6 

6 

11 

6 

5 

3 

33 23 

C.45 

7 

2 

5 

3 

1 

1 

1 

- 

14 6 

2.57 

3 

1 

O 

o 

3 

9 

1 

- 

- 

S 5 

147 

1 


o 
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MICROORGANISM 


Shigella dyseateriae 
Shigella ambigua 
Shigella paradys- 
eateriae 
Var. Flexner 
Var. Hiss Y 
Var. Kruse E- 
Soaae 

Var. Strong 
Salmonella paratyphi 
Salmonella schott- 
muelleri 

Salmonella hirscli- 
feldii 

Salmonella enteritidi 
Salmonella morgani 
Eberthella typhosa 
Salmonella species 

, (?) 

Alcaligenes faeeaUa 
Escherichia com- 
niunior 

Proteus vulgaris 
Proteus asiaticus 
Proteus asiaticus 
var. syriensisf 
Klebsiella pneu- 
moniae (Pried- 
lander's bacillus) 
Streptococcus viri- 
dans 

Streptococcus faecalis 
Hnidentifled gram- 
negative bacilli 
Endamoeba histo- 
lytica 

Endamoeba coli 
Endolimax nana 
lodamoeba butschlii 
Diendamoeba fra- 
gilis 

Giardia lamblia 
Trichomonas hominis 
Chilomastix mesnili 
Blastoeystis hominis 
Yeasts 

Trichuris trichiura 
Ascaris 

Taenia saginata 
Hymenolepis nana 
Negative except for 
Es. coli conununis 


•Columns headed sole indicate the numher oc times leijuivv.. 
dicated was the only signiflcant flnding. certain cultural an 

tAn organism closely resembling Proteus asiaticus hut sn \ g article, 
serologic differences which are constant. To be fully described m a sepai 
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Table V 

COMP.U’wVTiv'E Incidence op Organisms Reported in Diarrhea 


Shigella dysenteiiae ~ 

ParaJjsentery gioup 
Paratyhoid A, B, and G 
E. typliosa 
S. raorgani 

Late lactose fermenters and 
Salmonella-like oiganisius 
E. coli communior 
Proteus asiaticus group 
Proteua vulgaiis 
Alcaligenes faecalis 
E. histolytica 
Gianlia lamblia 
Attacks 

•Age gioup 0*24 ino. 


Table VI 

PCRCENTAGE INCIDENCE AND DISTRIBUTION OF SPECIES IN TVPES OP DURRHEA 


^igella dysenteriao 
Shigella ambigua 
Paradysentery group 
ba monella paratyphi 

bal. hirschfeldii 
Sal. enteritidis 
Eherthella typhosa 
Salmonella species (I) 
Alcaligenes faecalis 
Escherichia communior 
I rotens vulgaris 
J^roteus asiaticus 

asiaticus var. syriensis 
Streptococcus viiidans 
^trep. iaecalis 
^“identified 
Eadamoeba histolytica 
Emlanioeba coli 
Endohmax naua 
lodamoeba butscldii 
^ endamoeha fragilis 
Jia laniblia 
‘nchomonaa liominU 
^Womastix mesaili 
S'«ocyst.s l,„„ia;a 

ISS" 


PERCENTAGE INCIDENCE 
OP ORCf.\NISMS 




PERCENT.VGE DISTRIBUTION 
OF ORGANISMS 
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order that the validity of these connotations mig’ht be tested. Nevertheless, 
the classification adopted necessarily tends to be parallel with the current 
medical, as ivell as the popular, conception, of 3 degrees of severity associated 
with 3 types of stools. On the basis of the appearance of a stool we have used 
the categories: (1) bloody diarrhea with mucus; (2) mucous diarrhea with- 
out blood, and (3) watery diarrhea without blood and without mucus. 

The sex and age distribution of the patients were considered according 
to the descriptive types of diarrhea. In eases with blood in the stools the 
ratio of males to females was nearly 3 to 1, while in the eases of watery diar- 
rhea the number of boys was almost the same as the number of girls. 

The percentage incidence and distribution of the various reported species 
of microorganisms according to types of stools are shown in Table VI, au 
analysis of -which suggests that there are factors other than demonstrable 
infection with recognized dysentery organisms that determine the presence 
of blood in stools. 

The factor of age in relation to infestation with certain orgauisms is 
shown in Table VI, from which it appears that in infants under 2 years of 
age the probabilities are almost even that members of the paradysentery 
group, NaZHJonelfa-Iike ( ?) organisms, streptococci, or Giardia will be found in 
a diarrheal stool, but in those stools containing blood, the chances are two or 
three to one in favor of the occurrence of either a paradysentery species or 
Giardia. In preschool children the probabilities are about even that paradyseu- 
teiy bacilli, Proteus asiaticus, Salmonella-like organisms, Endamocha lustohjiM, 
or Giardia, will be found in stools containing blood, while Giardia is found wit i 
greater freqnencj'^ in the other tw'O types of diarrhea. In school children dmi 
rhea with blood is likely to show either paradysentery bacilh or Enikmc <i 
histolytica, while in mucous and w'atery diarrhea Salmonella-like bacilh were 
found most frequently. 

Apparently, insofar as diai'rhea is concerned, age is one of the importo t 
factors ivhich govern the reaction of a child to a pai’ticular organism as man 
f ested by the type of stool and the severity of the illness. We find that t 
deuce of Giardia in bloody diaridiea of infants was 22 per cent 
in all infants) ; while in the school age group the incidence of Gianha 
diarrhea (9 per cent) was the same as the incidence in this age group, ^ 
of the type of diarrhea. There is a strong implication in these 
factor of age susceptibility is operative in influencing the pathOoemc 
Giardia lamhlia infestation in infants. 

Duration. — An attempt was made to determine whether jgyjrjb 

correlation between the type of diarrhea, the duration of illness, 
of treatment, and the type of organism found in the stools. ^ T e showed 

of treatment, when certain organisms were the sole findings in t e 
very little variation; eight days for the paradysentery group, 

Proteus asiaticus; nine days for Streptococcus faecalis; an 
Giardia lamhlia. However, when Giardia was found rn com nr ^ 

organisms, the average length of treatment increased to rr 
great increase. 
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The mean duration of treatment of the entire group of patients according 
to age groups was as follows : 


0-12 montlisj 16 days 
13-21 months: 18 days 
2- 5 years: 21 days 

6-12 years; 16 days 

These figures include only those patients who were followed until they were 
known to be cured. 


Table VII 


Percentage Incidence of Certain Organisms in Age Groups and Type op Diarrhea 



0-12 MO. 

13-24 MO. 

2-5 YR. 

6-12 YR. 

Paradysentery cioup 

a. In AH Types of Diarrhea 

12 11 

13 

14 

S. morgani 

5 

5 

5 

2 

P. asiaticus 

4 

6 

D 

2 

Salmonella species 

6 

13 

9 

12 

Strep, faecalis 

10 

8 

4 

9 

E. histolytica 

0 

1 

8 

14 

Giardia lamblia 

10 

15 

27 

9 

Paradysentery jrroun 

l». Bloody Diarrhea 

24 16 

13 

17 

S. morgani 

7 

6 

3 

4 

P. asiaticus 

3 

5 

10 

4 

Salmonella species 

11 

5 

10 

4 

Strep, faecalis 

9 

5 

3 

4 

E. histolytica 

0 

3 

16 

20 

Giardia lamblia 

22 

16 

19 

9 

Paradysentery cioun 

<j. Mucous 
S 

Diarrhea 

5 

15 

0 

S. morgani 

5 

6 

6 


P. asiaticus 

4 

10 

10 

0 

Salmonella species 

5 

23 

10 

30 

Strep, faecalis 

9 

8 

6 

10 

E. histolytica 

0 

0 

2 

10 

Giardia lamblia 

6 

19 

37 

0 

Paradysentery srouD 

d. Watery Diarrhea 

8 11 

8 

20 

S, morgani 

3 

0 



P. asiaticus 

5 

0 

8 

0 

Salmonella species 

3 

5 

8 

10 

Strep, faecahs 

13 

14 

0 

0 

E. histolytica 

0 

0 

10 

0 

Giardia lamblia 

8 

8 

23 

20 


Colic . — One would expect that the child complaining of colic, with conse- 
tiueut disturbance of the household, would be more likely to receive early medi- 
cal attention, but such was not tlie case. The incidence of colic in the series 
of cases, as a whole, is shown in Tabic VIII (A) as distributed among the dif- 
ferent age groups and types of diarrhea. As will be seen from this table there 
^0 uo significant degree of correlation between the manifestation of colic and 
fte type of diarrhea. 

The association of colic with the occurrence of reported organisms was 
significant in relation to only four of the species reported ; other organisms 
reported in patients who had colic were too few to be evaluated. Table VIH 
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(B) shows the percentage association of colic with these four species or groups 
of organisms. It is particularly noteworthy that Giardia lamUia in the infant 
group .shows such frequent association with colic, and tliat of the times Giardia 
was reported in cases of bloody diarrhea in the infant group, the incidence of 
colic was 90 per cent. 

Table VIII 


AGE OKOUFS 

(A) 

PEKCENTAGE INCIDENCE OF COLIC INI 
TYPES OF DIARRHEA AND AGE GROUPS | 

1 (B) 

PERCENTAGE ASSOCLATION OP COLIC WITH 

1 niFFERENT ORGANISMS 



m 

Total 

Para- 

dysentery 

Group 

Strep. 

faecalis 

E. histo- 
lytica 

Giardia 

lamblia 

0-12 mo. 

05 

19 

19 

29 

35 

mSm 

0 

57 

13-24 mo. 

57 

25 

8 

34 

35 


50 

32 

2- 5 yr. 

55 

31 

31 

38 

40 


60 

32 

(i-12 yr. 

S3 

90 

40 

75 

8(5 


60 

50 


In the 45 persons with dehydration observed there were 11 deaths, a rate 
of about 25 per cent; but this does not include a few persons who refused 
admission to the hospital and who probably survived for a brief period at 
home. Exclusive of 2 deaths, which ivere not attributable to diarrhea, theie 
were 18 deaths in the entire series (7 males, 11 females). A single death was 
attributable to diarrhea alone, Avithout dehydration ; 7 deaths ivere due to 
dehydration Avith diarrhea ; and 4 deaths Avere due to pneumonia, dehydration, 
and diarrhea. Pneumonia Avas the terminal event in the 8 persons in irhom 
it occurred. Marasmus Avas a contributing factor in 4 persons. 

Vomiting, Avhieh persisted beyond the day of onset of the diairhea, ap 
peared to be an important factor in the development of sjmiptoms o 
toxieation. 

Bacteriologic and parasitologic findings in the persons Avho died 
an incidence of organisms as folloAVS: paradysentery group, 33 
Proteus asiaticus, 11 per cent; Salmonella-liikei bacilli, 11 pei cent, 
lamhlia, 17 per cent ; and negatiAm, 44 per cent. 

treatment 

On the Avhole, none of the drugs used shoAved any particular adA 
a purely dietary and hy^gienie metliod of treatment. Of eoui®®) c e 
cations for specific medications, such as the finding of E. hisiolyiieo m 
or severe colic, or the coincidence of malaria, Avere folloAved. 

Every effort Avas made to have persons Avith dehydration 
hospital, Avhere fluids were immediately administered, and i perfoi'wc*^ 

in small quantities, Avere given when possible. Gastric benefit- 

as indicated ; occasionally, this procedure Avas folloAved ^ y solutio’t 

Irrigation of the colon Avith starch solution, Avith sodium scvei'e colie 

or Avith some medicated liquid, Avas used in cases charaeteimec 
or great freciueney of stool. No particular benefit Avas per.soH'* 

medicated over the nonmedicated irrigations. No food usually a 

until the symptoms of intoxication began to be definite fpiaiititie-'* 

matter of forty-eight to seventy-tAA'o hours. AVater m veiy 
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was given, ))y teaspoon, at regular short intervals, even in the most intoxicated 
persons, but was discontinued if there was vomiting. As the symptoms of in- 
toxication diminislied, a modification of protein milk in small quantities was 
given at intervals of four hours. Tlie amounts, as well as tlie concentration, were 
increased gradually as the child became able to tolerate more food. 

Tlie general routine of treatment of the majority of the persons who 
were not dehydrated was that used in most clinics. In the case of older chil- 
dren no cathartic was given, the child was immediately placed on tlie modified 
protein milk regime. Tliis protein milk was used as the sole article of food 
for a period averaging about three days, when other low residue, high pro- 
tein articles of diet were added. 

The modification of protein milk was developed in this clinic about ten 
years ago, and has since been used with great convenience and success. It 
was originated with the idea of making some ea.sily prepared high protein 
milk available for even the most ignorant mothers, and making it relatively 
inexpensive, so that it could be used by even the poorest. It is prepared as 
follows: One liter of thoroughly boiled and cooled milk is curdled by the ad- 
dition of lemon juice (or other acid), strained or decanted, and the curd 
added to one liter of cultured milk. The latter, under the name of lebau, is 
a universal food in this part of the world, but can be obtained from any Syrian 
restaurant in any part of tlie world. The leban is easily prepared by any 
housewife, who inoculates tepid, boiled milk with some of the previous day^s 
lebau, and surrounds the bowl with a blanket to retain overnight the heat 
piierated by fenneiitatioii. By the next morning the milk is set in an exceed- 
ingly fine, smooth curd. The acid-precipitated curds are beaten up with the 
liter of leban to form a perfectly smooth liquid. Water may be added to this 
mixture as required, depending upon the needs of the individual baby. It is 
usually wise to add .sugar in tlie proportion of 2 tablespoons to a liter, but the 
sugar sliould be added at the time of each feeding, otherwise it will become 
very unpalatable in a few hours. Tiie caloric value of this mixture is about 
70 or 75 per 100 c.c. It contains about 6 to 6 5 per cent protein ; 3.5 to 4 per 
cent fat; and about 3 per cent sugar (mostly sucrose), depending upon the 
amount of fermentation which has taken place during culturing of tlie milk. 

The effect of this protein milk on the stools of an infant or older child 
suffering from diarrhea is often very rapid, producing a formed, pale, pasty 
stool after about thirty-six to forty-eight hours. Often, Iiowever, mucus and 
occasionally blood will persist in the stools for some days after they have 
become formed. Colic and distention disappear with great rapidity, particu- 
larly in the case of older cliildreii, in whom the disappearance of colic has 
been almost magical. The food is palatable to most babies, and the use of 
lactic or hyilrochloric acid as the medium for coagulating the milk seems to 
it palatable to those who refuse the food prepared witli lemon juice. 
Infants and older cliildren may be kept on this food for montlis. Tlie eon- 
■sbpatioii resulting when the protein milk is used for a long period after an 
acute diarrhea is readily controlled by the addition of other foods in the diet, 
laxatives thus being rendered unnecessary. This modification of protein milk 
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appears to combine the beneficial effects of lactic acid milk with those of a 
high protein milk. The tolerance to fat seems to be rapidly regaiued, eveu 
in cases of long-standing chronic intestinal indigestion. 


COMMENT 


Diarrhea is encountered among the children of Behmt throughout the 
year, but the distribution of the cases is distinctly seasonal, with most of the 
cases occurring in NoA^ember and in Maj'^. The seasonal incidence appears to 
be correlated AAuth the seasonal incidence of flies.^^ Of the children afflicted, 
boys are seen at the clinic nearly twice as frequently as girls. 

Parallel bacteriologic and protozoologic examination of diarrheal stools 
revealed the presence of Shigella and Salmonella bacilli Avhich are commouiy 
encountered in cases of diarrhea elseAvhere, but they Avere not found as fre- 
quently as expected. Shigella dysenteriae infection is much less common than 
in Egypt, and amoebiasis of young children is exceedingly rare. 

The evidence obtained indicates that the age of the child plays an impor- 
tant role in determining susceptibility and type of reaction to infection vith 
Giarclia lamhlia, and to a smaller extent AA'ith Morgan’s bacillus. Giardia 
lamilia in infants is capable of pi-ovoking a severe diai’rhea Avhich frequeiitl) 
becomes chronic. The frequency Avith Avhieh Giardia is encountered in the 
normal stools of adults cannot invalidate the cumulative positive eA'ideiice per 
taining to the pathogenicity of this organism for infants and younger childveiij 
It is probable that the factors involved ai’e nonspecific and pertain to indiyi un 
susceptibility rather than to any properties of “virulence” inherent in 
but the potentialities of this flagellate in the production of diarrhea of 
should be appreciated. The evidence obtained in connection AA’ith i oioS! 
bacillus supports the concept of that organism as a pathogen. 

Proteus asiaticus has been reported by Khaled^® as frequently 
enteric-like fever in Egypt. This organism has never been isolate 
blood stream by our laboratory, but the present report indicates 
Avith sufficient frequency in severe diarrhea to Avarrant furthei 
probable that this organism is Avidely distributed, but is usuallj ^ 

“Proteus” or sloAA'^-lactose fermenter. There can be little cou 


asiaticus is potentially pathogenic. 

Conceptions of “diarrhea" and “dysentery” should be jljgj.rliea 
the point of vieAv of classification. The present study indicates 
is a clinical entity of AAdiich “dysentery" and “simple diarr iea^, 
usual connotations, are merely phases. In a broad suivey of 

relation betAveen the species of etiologic agent and the type or j,pc}]- 

diarrhea. On the contrary, if the effects of the neurotoxm o (q (jepeml 

teriae are excluded, the character of the clinical manifestations ap jjkely 

on the reactivity of the intestine of the individual to gifild, pi®" 

that organisms other than Shigellas and Salmonellas lua^q n^a Avifl' 

Amke a response ehai-aeteristic of so-called “dA'sentel 3 ^^ ^ ent Avere 
AA'hich members of the genus Shigella Avere associated, 33 pei c i-^ - 

diarrheas without blood ; and 21 per cent Avere simp e Ava 


IIOOHE-DENNIS : DIARRIIELVS OP CHILDHOOD 


965 


53 per cent of tlic incidence of d 3 ’scntery bacilli were in cases wiiicli were not 
“dysentery.” In the absence of competent laboratory examination any as- 
sumption as to the nouinfectious nature of auj- case of diarrliea is unjustified 
and dangerous. 

We wish to acknowledge gratefully our indebtedness to Doctors H. SenekJIan, A. Kou- 
joumjian, and G. Dibu, for their assistance while interns attached to the laboratory service. 


REFERENCES 

1. Borland, "W. A. N. : The American Illustrated Medical Dictionary, Philadelphia, 1937, 

W. B. Saunders Co. 

2. Bergey, David H.: Bergey’s Manual of Determinative Bacteriology, ed. 4, Baltimore, 

1934, Williams Sa Wilkins Co. 

3. Boeck, William C.: Giardiasis in Man. Its Prevalence and Relation to Diarrhea and 

to Gallbladder Disease, Arch. Int. Med. 39: 134, 1927. 

4. Ali, M.; Dysentery in Infancy, J. Egj'ptian M. A. 20t 167, 1937. 

5. Bensted, H. J,: Observations on Infantile Enteritis and Dysentery in Eg5'pt, Compt. 

Rend. Cong. Inter, do Med. Trop. ct d’Hyg., Le Cane, Egypto 3: 905, 1928. 

6. Davison, W. C.: Bacillary Dysentery in Children, Bull. Johns Hopkins Hosp. 31: 225, 

1920. 

7. Denison, G. A., and do Hall, G. : Bacillary Dysentery in Infants and Children, A Clinical 

and Bacteriological Study of 35 Cases, J. Infect. Dis. 56: 124, 1937. 

8. Khaled, Z.j Micro-organisms of Diarihoea and Dysentery of Cluldien in Egypt, Compt. 

Rend. Cong. Inter, de Mod. Trop. et d^ Hyg., Le Caire, Egypte 3: 913, 1928. 

9. Wollstein, M.: A Bacteriological Study of Acute Diarrheas in Young Children, Am. J. 

Dis. Child. 26: 310, 1923. 

10. Hill, C, M., and Hill, R. B.: Infection With Protozoa and Incidence of Diarrhea and 

Uysenterj’ in Puerto Rican Children of Pre-School Age, Am. J. Hyg. 7: 134, 1927. 

11. Haynes, E.; Bacteriological Study of 40 Cases of Diarrhea in Infants Including 2 Cases 

of Flesner Septicemia, J. Infect. Dis. 60: 251, 1937. 

1- Dennis, E. W., and Lund, E. E.r Studies on the Intestin.'il Protozoa of Man in Syria and 
Lebanon, Tr. Roy. Soc. Trop. Med. & Hyg. 30: 407, 1937. 

13. Taylor, J. p, ; Special Report Series No. 40, Medical Research Council, London, 1919. 

14. Brumpt, E.: Precis de Parasitologie, cd. 5, Paris, 1D3C, Masson & Cie., Vol. I, pp. 381'3S5. 

15. MacKenzie, G. M., and Batt, L. N.: Antigenic Analysis of Cultures of B. paradysenteriae 

and B. moraani Isolated During Epidemic of Summer Diarrliea, J. Immunol, 19: 
371, 1930. 

^aled, Z. : Parenterie Fevers in Egypt, J. Hyg. 21: 362, 1923. 

17. Slot, G., and Blomfield, D.: Intermittent Diarrhea Associated With B. a^aticiis, Lancet 
1: 1116, 1936. 



LABORATORY METHODS 


DETERMINATION Op ETHYL ETHER IN BLOOD* 


Edmund Andrews, M.D., Robert M. Potter, M.D., Theodore E. 
Priedemann, Ph.D., and Huberta M. Livingstone, M.D. 
Chicago, III. 


'“P’ HE procedure described herein is based upon a principle widely used in the 
* determination of ether and alcohol in biological materials; namely, the 
quantitative oxidation of these substances to acetic acid by means of cliromic 
acid. Nicloux,^ and Shaffer and Ronzoni,^ have applied this procedure to the 
determination of ether in blood. The present method contains a number of 
modifications which greatly facilitate the determination and increase the accu- 
racy. It was used in a study of the effect of premedication on the ether con- 
centration in surgical anesthesia in human subjects, the results of which are to 
be published soon. 

APPARATUS 


A single unit of the apparatus is shown in Pig. 1. It is permanenti} 
mounted except for the 25 b}' 130 mm. tapered centrifuge tube (il) which con- 
tains the sample and the 150 c.c. fat extraction fiask (R) which contains the 
chromic-sulfuric acid solution. The inlet and outlet tubes are provided uit> 
traps as shown. The vapors are quantitatively absorbed in the bead towel aboie 
the extraction fiask (5). The tower (C) eliminates the use of a train of absoip 
tion tubes and possesses the further advantage of being easily eleaned. An’ J 
passed through calcium chloride and concentrated sulfuric acid to free it o 
any volatile-interfering substances. It is drawn through the appaiatus 
means of suction applied at the outlet tube above the absorption 

Rubber stoppers and connections were used in the apparatus. An a o 
apparatus with ground glass connections probably would have improi 
accuracy. 


reagents 

The precautions concerning the purity and method of storage of dis 
water, noted by Priedemann and Klaas,'* should be carefully obseive 

Sodium tungstate. A 10 per cent solution. sulfurk 

Acid mercuric sulfate. Pifty-six cubic centimeters of concentrate s ^ 
acid are added to 500 c.c. of water. One hundred grams of 
added. The contents of the flask are heated until solution of the sa t is e 
Sufficient water is then added to bring the volume to about 1,000 c.c. 

.* » of 

•From the Department of Surgery and the Department of Medicine, tlie fni- 

Aided by a grant from the Douglas Smith Foundation for Medica 
versify of Chicago. 

Received for publication, July 24, 1939. 
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Sulfuric acid. A 75 per cent solution. 

Pota.ssiuin dicliromate. Approximatcb' 0.1 N solution. 

Sodium thiosulfate. An approximately 0.1 N solution is prepared and 
standardized with standard potassium iodate solution. An exactly 0.01 N solu- 
tion is prepared each day hy dilution. This solution may be used on several 
succeeding days; liowever, tlie daily preparation of a fresli solution is recom- 
mended. 

Potassium iodide, C.P. Crystals finely ground. 

Soluble starcli solution. Approximately 5 per cent solution. 

PROCEDURE 

Before the determination exactly 5.0 c.e. of 0.1 N potassium dicliromate 
are pipetted into tlie 150 c.e. e.xtraetion flask, approximately 25 c.e. of 75 per 
cent sulfurie acid arc added, and the flask is connected to tlie tower. Approxi- 
mately 5 c.c. eaeli of acid-mereuric sulfate and sodium tungstate reagents are 
placed in the tapered centrifuge tube. The latter is provided with a cork 
stopper and is kept in the refrigerator until needed. 

The skin is sterilized witli mercury hicldoridc solution. The blood is drawn 
past the mark into tlie 2 c.e. precision syringe (made by Becton, Dickinson and 
Co., Eutherford, N. J.) wliioli contains a few cr.vstals of sodium oxalate. The 
syringe is held vertically wliile tlie blue plunger is slowly moved upward to the 
2.0 C.C. mark. Excess blood is absorbed in a gauze sponge. Tlie needle is then 
plunged to the bottom of tlie centrifuge tube, below tlie cold reagents, and the 
syringe is slowly emptied. Tlie stopper is replaced and the sample is taken to 
the laboratory for immediate analysis. 

The stopper is inserted into tlie top of the alisorption tower ; the suction is 
properly adjusted. The tube containing the sample is connected to the appa- 
ratus. The sample tulie is gradually heated witli a microburner flame until 
condensation appears in tlie Kjeldabl trap above. Heating of tlie sample is 
uow discontinued. The trap is gently warmed to insure quantitative transfer 
of the ether vapors. The entire period of heating and aeration is about five 
minutes. 

The sample tube is now disconnected. The stopper is removed from the 
lop of the tower, and approximately 10 c.c. of distilled water are poured through 
the tower. The flask is heated rather rapidly for fifteen to twenty seconds 
(until vapors arise) and is allowed to stand about one minute. It is detached 
and lowered to the shelf; three to four additional rinsings of 10 c.c. each of 
Water serve to wash the last traces of the reagents from the tower into the flask 
below. The flask is then placed in a cooling bath of running water or ice. 

After each determination approximately 100 c.c. of 75 per cent sulfuric 
acid are poured through the aeration tower to remove the remaining water. 
Ihis solution may be used repeatedly until diluted. Any precipitate adherent 
to the inlet tube is washed and wiped off. The apparatus is now ready for 
another determination. 

^ _ The residual oxidizing agent is detei-mined iodometrically. Approximately 
-0 Gin. of potassium iodide is added. One-huiidredtli normal sodium thio.sulfate 
'a added until most of the color lias disappeared. Starcli is then added, and the 
■ ration is continued until the solution is colorless. 
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;:rrrs“.“£-rs?£^ 

lent to 0.0926 mg of ether Thk sodiimi thio&ulfate is eqmva- 

tta of the ethe/to aelc acil <>«»*« -■ 



DISCUSSION 

In addition to describing a simple and convenient form of appamhis, ' ^ 
wish to call attention to the use of syringes for the accurate incasuien'*^"^ ^ 
small samples. The customary collection of samples in tube and the subseq'ie^^ 
measurement by means of pipettes may involve large losses of volatile 
ci-ar,n^a T^e dlrect measurement of the sample from the syringe into tlie « •- 

T f .A . T I? ^ 1 .. m»A nwsrc* 


stances, 
or 


The 


X-ilAV-JlAl/ V/A Vll\> A.X ^ 

reaction flask has not been heretofore suggested as far as we are awaie 
accuracy of precision syringes for this purpose may be judged bj 'e 
lowing data. 
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Seven syringes were fitted with No. 18 hypodermic needles. Duplicate de- 
liveries of 0.100 N hydrochloric acid from the syringes required 20.39, 20.37, 
20.16, 20.14, 20.10, 20.10; 20.35, 20.26; 20.30, 20.24, 20.40, 20.40; and 20.10 
20.20 c.c. for neutralization to phenolphthalein with 0.01 N sodium hydroxide. 
Single titrations of 0.100 N hydroolilorie acid delivered by 2.0 c.c. pipettes re- 
quired 19.96, 20.01, 20.02, 19.84 c.c. of 0.01 N sodium hydroxide. The syringes 
delivered only from 0.5 to 2 per cent more of solution than the pipettes. The 
close agreement of the duplicate samples should be noted. 

Table I 

Recovecv of Ether From Solution 


IVT. OF 

ETIIEll 

PURE SOLUTION 

PURE SOLUTION PLUS BLOOD 

AND REAGENTS 

TIIIOSUIaPATE 

TITRATION 

RECOVERY 

THIOSULFATE 

TITRATION 

RECOVERY 

mg. 

c.e. 0.01 N 

Per cent 

C.C. 0.01 N 

Per cent 

1.042 

11.0 

07.7 

11.1 

98.6 


11.2 

99.4 

10.9 

97.0 


11.1 

98.6 



1.250 

13.4 

98.6 




13.0 

100-3 



1.570 

16.8 

98.0 

16.8 

08.6 


16.7 

98.4 

17.0 

100.4 

1.SS4 

20.0 

98.4 




20.5 

100.6 




20.2 

99.4 




20.2 

00.4 



2.193 

23.7 

99.8 

23.5 

99.0 


23.8 

100.3 

23.7 

99.8 


23,4 

9S.6 




23,2 

97.9 



2.512 

27.4 

101.0 

27.1 

99.8 


27.2 

100.4 

27.3 

100.4 


27.0 

99.5 




27.1 

99.8 



2.S2G 

30.7 

100.5 




30.2 

98.9 




30.4 

99.4 




30.3 

99.3 



3.140 

34.0 

100.3 

33.6 

09.0 


33.8 

99.6 

33.8 

99.6 


The recovery of ether from pure solution is sho\ra in Table I. Data are 
given also in the table for the recovery of ether from pure solution in which 
have been added the precipitating solutions and 2.0 c.c. of fresh wliole blood, 
''^he quantities of ether indicated in the table are ufithin the concentrations 
found in animals in ether anesthesia. Considering the volatility of ether, the 
procedure yields satisfactory results. 

SUMJLVBY 

The use of precision syringes for accurate measurement of blood samples 
Jhat may coutaiu very volatile substances is described. The sample is delivered 
odow the surface of cold precipitating reagents, acid mercuric sulfate-sodium 
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tungstate, from which tha /ifc 

The vapore are quantitatively 'absorb™ h"* Y ""i Inlin. 

an fume ae.d ntivture. The residual oaiditins lenUs teeT 

o Joent IS detemimed lodomefricali.v, 


1 Nicloux J^ERENCES 

Friedemann T P fvf“’ ® of Lacfic AcM. 

115-- k 1936.““ Detemination of Ethyl Akoliol, J. Biol. Ciiem. 


he STANDAlffi OF POTASSIIBI 

1 -IhEMANGANATE SOLUTIONS* 

William S. Hoffman, Ph.D., H.D., Ca.CAOo, III. 

P ERIMANGANATU ar,1 f 

because they deteriova^to'^”^ difficult to keep staudardized 

Testandardized at intpinni ^ anatyses, they must be 

plished by ha vino- on In Sweater than two weeks. This is usuall.v accom- 
parently can be kent imoLn ^ solution of sodium o.\-alate, which a])- 

PToeedure is to weio-h out montlis. A safer but more tedious 

it in approximately normaTLllflrn^ ^ 

permanganate solution Even thk 

deteriorated npi-mav.™ a , procedure can be inaccurate because the 

of man<^anese solution has varying quantities of precipitated o.ddes 

the titrSom -i^ich may be stirred up and included in 

partieularlv in umi ™^“^^aining standard solutions of permanganate is felt 
in the determ in f iaboratories which use such solutions only occasioiiall.v 

techuLarto fT r Often the failure on the part of the 

the serum cal ' trouble to restandardize the permanganate solution makes 
tire seuim calcium determination worthless. 

the stanfl-n-rif^V^^^^ found that, with the aid of the photoelectric colorimeler, 
witli an P)-T- potassium permanganate can be made in a few minulcs. 

the rpodino-s r fbnn 1 per cent. The procedure is based on the fact that 
pnlfiTiniofo r •?] dilutions of the permanganate in the phofoeleefn'c 

Qmnntii ! 1 filter, w'hcn plotted on semilogaritliraic paper, make a 

ciu%e, M lie 1 for narrow ranges is partically a straight line. 

The standard curve is prepared by diluting 4, 5, and 6 c.c., respectively, 

0 accurately standardized 0.05 N potassium permanganate to 200 e.c. in volu- 
metnc basks. Tliese solutions, which are N/SOO with factors of O.SOO, 1000, and 

Received 'for* Physiological Chemistry, Cliieago, Medical School. 

Received for publication, AUigust 2. 1939. 


HOKFJIAN: STANDARDIZATION OF POTASSIUM PERJIANGANATE SOLUTIONS 971 


1.200, respectively, are read in the pliotocicciric colorimeter* willi a green 
filter, with maximum transmission at 530 ni/t (Ceiico filter No. 2). The values 
are plotted on semilogaritlnnic paper as in Fig. 1. 
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Fig. 1.— Tlie relationship between photelometer rcatllngs anil concentiation of potassiuni 
oiillnate is expressed as the factor by which N/8U0 potassium pennanganatt 
must be multiplied to give Its concentration. 


The permanent curve is used to standardize extemporaneous solutions pre- 
pared from one concentrated stock solution. This preparation is best illustrated 
by an. example. Tlie stock solution was approximately 1.0 normal. A 0.01 N 
solution was desired. Five cubic centimeters of the stock solution was diluted to 
500 e.e. in a volumetric tiask. Twenty-five cubic centimeters of this approxi- 
mately 0.01 N solution was diluted to 200 c.c. in a volumetric flask and read in 
the photoelectric colorimeter. The reading was 44.0, which meant that the 0.01 
N potassium permanganate had a factor of 0.965. The solution could be dis- 
carded at the end of the day, for it required only a few minutes to prepare an- 
other standardized solution. 

SUMMARY 

A photoelectric method for standardizing potassium permanganate solutions 
IS described. It is simple, rapid, and accurate. 


used ^®''‘^o-Sheard-Sanford photelometer, manufactuied by the Cential Scientific Co. waa 

^ m these experiments. 




A QUANTITATIVE STUDY OF SYPHILITIC SERUM* 


Egbert A. Greene, Ph.D., Edward L. Breazeade, B.SA., and 
Charles C. Croft, M.S., Tucson, Ariz. 

'n"'HERE has been much discussion as to whether the results of laboratory 

tests for syphilis should be expressed as negative, doubtful, or positive, or 
in terms of plus. The former method does not give much information as to 
the effect of treatment, and the latter method may lead to difficulties, for, as 
Eagle^ has pointed out, laboratory tests for syphilis, as usually performed, are 
not quantitative. Results reported in terms of plus often fail to give informa- 
tion regarding the effect of treatment, since the tests, as usually performed, 
have a maximum limit of four-plus in undiluted serum, and quantities of 
reagin in excess of that required to give a four-plus (i.e., complete) reaction 
are not shown in the result. Wiener, “ in a quantitative study of the Kline test, 
found that some sera would give positive reactions when diluted one tliousaiid 
times. 

Several investigators^'* have discussed the desirability of expressing results 
on a quantitative basis. Quantitative procedures have been described foi 
complement fixation tests and for flocculation tests. Our investigation mis 
made to determine the quantities of reagin which might be present in syphibhc 
sera, and the possible application of quantitative methods as a routine proce- 
dure for following the effects of ti’eatment. 

procedure 

When a serum gave a positive laboratory test for syplulis, it vus 
with physiologic saline, and the Hinton and Kline diagnostic tests veie pe^ 
formed on the diluted serum in the usual manner. The results 
as negative, doubtful, or positive. At the same time a series of ^'^nner. 
were examined, an equal number of negative sera were treated nr a u 
These negative sera, without exception, gave negative reactions m a 
The results are reported in terms of senim dilutions. In the Hrn on^^ 
final dilutions of the serum-antigen mixture are actually twice 
(0.5 c.e. indicator and 0.5 serum are employed in the tests). 

The maximum serum dilutions in which positive reactions vere 
sho\vn in Table I. 

Table II gives the relation of positive tests on diluted sera 
and untreated patients) to the Kahn reaction on the same sera mr ^ 

Table III shows the maximum dilution of sera of knorvn tre 
relation to the Kahn test on the same sera undiluted. 

•From tlie Arizona State Laboratories, Tucson and Phoenix. 

Received for publication, August 15, 1939. 
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Table I 

ilAsiMUJi Dilutions of Serum Which Gave Positive Reactions 


NUMBER op sera 



undiluted 

1:1 

1:2 

1:4 : 

1:8 

1 1:16 

1 1:32 

1:64 

total 

Hinton* 

1 

16 

22 

18 

24 

14 

<> 

5 


KIiti0* 

7 

23 

27 

11 

22 

! 3 

10 

3 


Hinton only 

1 

2 

6 

3 

3 

5 

1 1 

0 

21 


•Performed on the same sera. 


Table II 

Maximum Titers of Seilv From All Patients (Treated and Untreated) in Relation 
TO THE Kahn Test 


KAHN 

(undiluted 

SERUM) 

test 

number of sera 

undiluted 

1:1 


BQ 

1:8 

1:16 

1:32 

1:64 

total 

1 plus 

Hinton 


2 

5 




■RBI 

■M 

7 


Kline 


4 

0 


■I 

SI 

0 


7 

2 plus 

Hinton 


4 

6 


4 

1 


1 

18 


Kline 


8 

3 

H 

2 

0 

1 

0 

18 

3 plus 

Hinton 

0 

5 

8 

H 

3 


1 

0 

25 



1 

11 

9 

1 

1 


o 

0 

25 

4 plus 

Hinton 

0 

0 

0 

6 

12 

11 

7 

5 

41 


Kline 


1 

9 

8 

11 

3 

6 

3 

41 


Table III 


Maximum Titers op Sera Fnoii Treated Patients in Relation to the Kahn Test 




NUMBER OP SERA 

1:1 

1:2 

1:4 

1:8 

1:16 

TOTAL 

i plus 

Hinton 

0 

4 

0 

0 

0 

4 


Kline 

4 

0 

0 

0 

0 

4 

2 plus 

Hinton 

0 

4 

1 

0 

0 

5 


Kline 

5 

0 

0 

0 

0 

5 

3 plus 

Hinton 

1 

3 

2 

0 

0 

6 


Kline 

5 

1 

0 

0 

0 

6 

4 plus 

Hinton 

0 

1 

4 

2 

1 

8 


Kline 

4 

3 

0 

1 

0 

8 


DISCUSSION 


examination of Tabic II reveals that the arbitrary designation of re- 
sults in terns of plus does not always give a true picture of the actual reagin 
content of sera. In the one-plus Kahn groups, all the sera gave positive Hinton 
Inactions when diluted (2 in 1:1, and 5 in 1:2); the same relationship holds in 
e sera of higher reagin content, but it will be noted that in the three-plus 
ahn group, 13 (approximately 50 per cent) gave positive Hinton reactions in 
^a.\imum dilutions of 1 :1 or 1 :2, and 21 (82 per cent) gave positive Kline 
■factions in the same maximum dilutions. The limitation of the upper limit 
° plus is well illustrated by the fact that in this group 100 per cent gave 
Pasitive Hinton tests in dilutions of 1 :i or greater; 60 per cent in 1 ;16 or 


=Water; and 30 per cent in 1 :32 and 1 :64. 

Unfortunately, we have no detailed records regarding tlie patients whose 
are given in Table III. Judging from our experience, we would assume 
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that treatment had brought about a decrease in titer. In general, the maximum 
titers in Table III occur in lower dilutions than those of Table II, which in- 
cludes serum from treated and untreated patients. 

We feel that the Hinton or Kline test, quantitatively applied, gives val- 
uable information as to the reagin content of serum, and should be particularly 
valuable in eliminating zone reactions which are sometimes encountered, par- 
ticularly in tests where a single serum : antigen ratio is employed.^ 

Subsequent studies have shown that the Mazzini test may be readily per- 
formed quantitatively. 

CONCLUSION 


The quantitative application of the Hinton and Kline tests is de-seribed 
and discussed. 

A quantitative examination eliminates zone reactions and gives a better 
index to the effect of treatment than the results expressed in the conventional 
manner. 
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A STUDY OF THE DEMONSTRATION OP TUBERCLE BACILLI IN 
URINE BY MEANS OF PHOSPHATE FLOCCULATION* 


John H. Hanks, Ph.D., and Harry A. Feldman, M.D., Washington, 


D.G. 


TN PRECEDING studies it was learned that direct centrifugation is an 
A five means of collecting tubercle bacilli from sputum,^ spina 
nrine.^ In urine containing both typhoid and tubercle bacilli, 
for thirty minutes was found to collect 99 per cent of the typ loi 

Ilf. 


ir the 

C 

analj'siA 
ccd 


rui Lilli uy iiiiiiuLca was iuuiiu iu cuiiccl — \ Diirill 

only about 20 per cent of the tubercle bacilli (unpublished data). 
present study of the concentration of tubercle bacilli from nrme, a 
of the Petroff “tannic acid” procedure* showed that the piecipi a es 
by acidification and chilling of urine (with or witliout Gaiih'e 
bulky, gave better concentration than direct centrifugation. sample*'' 

contained approximately 70 per cent of the bacilli from t le con- 

whereas the final concentrates, after dissolution of the .gPore, that 

tained roughly 1 per cent of the bacilli. It xvas recoinmende , 
the first precipitates he used without further attempts to re nc 


. 1 Tjrpvpntive Medicine. 

•From the Department of Bacterioloey. Hygiene ana Jr' 

Medicine, the George Washington University. 

A cooperative project with the U. S. Public Health Service. 
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by procedures involving direct centrifugation. It may bo seen that direct cen- 
trifugation was unsatisfactory for collecting the bacilli from the original speci- 
mens or for BTLshing tJie sediments collected by other methods. 

It is the purpose of this communication to present more complete informa- 
tion on the collection of tubercle bacilli from urine and to deal especially with 
the following questions: (a) the degree of concentration obtained in urine by 
direct centrifugation in two types of centrifuges; (b) the efficiency of collection 
and coneeiitration by several flocculation method.s; (c) the factors which influ- 
ence the results obtained by flocculation; and (d) the problem created by the 
presence of pus in clinical specimens. Such studies necessitated the use of 
knoinr numbers of clump-free tubercle bacilli in normal urines. Insofar as it 
was possible, the methods were analyzed to obtain a measure of the practical 
degree of coneeiitration for microscopic purposes (concentration factor) and 
the percentage of the total bacilli in the urines which were collected in the pre- 
cipitate (percentage efficiency), which is important for cultivation or animal 
inoculation. 

5IETH0DS 


Details concerning the iireparation, preservation, and counting of clump- 
free suspensions of human tubercle bacilli have been givcn.“ Known amounts 
of these precounted suspensions were added to measured volumes of urine from 
normal persons in order to provide experimental materials containing knomi 
and appropriate numbers of tubercle bacilli per cubic centimeter. The drained 
precipitates or sediments collected by various means were suspended in an equal 
volume of the alum-milk fixative, and 0.02 c.c. was spread on square slide areas 
of 2 by 2 cm. Counting, as before, was along the diagonals of the films.®’ ® Ten 
fields were observed per diagonal, making 40 fields for the two films on each 
slide. Prom knowledge of the number of bacilli added to each cubic centi- 
meter of urine, tlie average of bacilli to be expected per microscopic field in the 
inieoiiceiitrated urine w’as calculated and regarded as unity. The average num- 
ber of bacilli per field produced by the application of a given concentration 
method represented a multiple of the unit number and indicated the concen- 
tration factor. 

By measuring the volume of sediment collected from a given volume of 
uruie, tile “volume reduction’’ and the collecting efficiency of the methods were 
calculated. Por example, if the volume of a sample was reduced 100 times as 
the result of conceutration, the bacterial count per unit slide area sliould be in- 
creased 100 times if all tlie iiaeilli had been collected. The following fornrula 
permitted calculation of the percentage efficiency: 


Bacilli per field iu concentrates 

Bacilli per field in nriiie x volume reduction 


— > Percentage efficiency 


EXFERIAIENT.VL RESULTS 

Alum and ferric cliloride, the floeeulating agents wliich had been used to 
collect tubercle bacilli from spiitiini, could not he used in urine. Their floceula- 
t'oti was inhihited in varying degrees by dilferont urines, so that a suitable 
standard dose of reagent could not be selected. The various salts and ions in 
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m-me itself offered several possibilities for the formation of floecular precipi- 
tates. Two such precipitates were studied. Acidification and ehifiin» of the 
urme produced precipitation ivithout the addition of tannic acid. Because of 
the microscopic appearance of the precipitates and the conditions under which 
urates^ are known to become insoluble, these sediments were called “urate” 
precipitates. The flocculations which resulted from neutralization or slight 
allialmizatiou of urine (constant shaking) were referred to as “phosphate” 
precipitates. 

After preliminary study of direct centrifugation, “angle” centrifugation, 
phosphate precipitation, Petroff’s tannic acid method,^® and urate precipita- 
tion, four experiments on urines containing differing numbers of tubercle bacilli 
were carried out in order to make comparisons. The results siunmarized in 
Table I show the concentration factors for all methods, and the percentage 


Table I 

Concentration Factors and Percentage Efficiencies op Several Methods op Collectino 

Tubercle Bacilli PROii Urine 


KXPER. 

NO. 

DIRE or 
CENTRIF- 
UGATION 

1 ANGLE 

CENTRIF- 
1 UGATION 

PHOSPHATE 

FLOG. 

(MINIMAL) 

URATE 

PRECIPITATION 

pETKorr 

1ST 

STAGE 


C.V.* 

|eff. 

C. F, 

1 EFF. % 

C.P. 

1 eff. % 

C. F. 

1 EFF. % 


EFF. (c 


30 


10 


164 


57 


iKnii 

54 


81 


73 


128 


77 



92 


60 


50 


100 


59 


77 

47 

BKlHi 

31 


23 


143 

79 

85 

29 

81 1 

! 59 


oO 

? 1 

39 

? 1 

134 

71 

70 

60 1 71 1 

55 


factors (C.P.) and percentage efficiency (Eff.). The amount of 
obtained by centrifugation did not permit determination of the efficiencies of these niethoA^ 


efficiencies of the flocculation procedures. Since the concentration factors from 
horizontal centrifugation at ECF. 500 or 1,000 x gravity for one hour were 
relatively low, and the volumes of sediment were too small for measurement 
(reason for absence of percentage efficiencies), the ineffectiveness of this method 
is apparent. The flocculation methods produced from 50 to 150 times more 
sediment, "which contained a greater number of bacilli per unit volume. T g 
difficulty with direct, horizontal centrifugation was not overcome by the use of 
greater centrifugal forces in a more efficient machine of the angle type- ^ 
though more bacilli were collected in the angle centrifuge, they were packed in 
clumps. Since clumps influenced the possibility of diagnosis only by 
their numbers, estimation of the number of bacilli per clump was useless an 
these clumps were recorded as one bacillus. 

Comparisons between the three flocculation methods indicated 
of tannic acid in Petroff’s procedure was unnecessary and that the acidi e 
and chilling of the urines produced comparable results. The minima 
phate flocculation produced higher concentration factors than the urate pr^^^^ 
tates and was slightly superior in percentage efficiency. Smee the 

^ ~ f I Tlw 

•Instructions for this method differ in various sources where it ■trictlf. 

employed was presented to one of us ( J. H. H.) by Dr. Petroff. It was roHonj- j. ^ 
that the recommended centrifuging time was extended to ten minutes in oraer 
ments more tightly. 
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shown for the flocculation metliods were obtained by centrifuging for only five 
or ten minutes, direct centrifugation was not studied further. 

The advantages of the phospliate over the urate precipitates may be sum- 
marized as follows: relatively constant amounts of calcium, magnesium, and 
phosphate ions are excreted daily in the urine, while the output of urates is 
influenced to a greater degree by diet. The urate precipitation required not 
only addition of acid but also variable periods of chilling, while the vohune of 
precipitate was usually large and could not be regulated successfidly. The 
phosphate flocculation appeared promptly after ad,iusting the pH of urine, and 
the amount of precipitate could be controlled within reasonable limits. Since 
the collecting efficiency of the phosphate flocculations on the average was slightly 
higher, and since the degree of concentration by any method cannot exceed the 
ratio between the original volume of urine and the final volume of sediment 
(volume reduction), the phosphate flocculation method was chosen for fur- 
ther study. 

The relationship between the pH to which the urine was adjusted (to pro- 
duce different volumes of precipitate) and the concentration factors and per- 
centage efficiencies was investigated. Four pH levels were used as the basis of 
comparison; these were pH G.G to 6.8 (the approximate pH range of the mini- 
mal phosphate flocculations previously mentioned), pH 7.0, pH 7.5, and pH 8.0. 
Differing numbers of bacilli, capable of producing accurate counts after con- 
centration, were added to clear, filtered urines. These large samples were divided 
into four portions of 40 to 200 c.e. in the different experiments. The pH of each 
portion was adjusted by the addition of N/1 or 2.5 N sodium hydroxide during 
constant shaking of the samples. The minimal flocculation point was used with- 
out regard to the pH at which it occurred, while the remaining three portions 
were adjusted to their respective pH values in the presence of phenol red in- 
dicator and color controls. As before the volume of precipitate collected by 
centrifugation was measured as carefully as possible in pipettes. After the 
smears had been counted, the concentration factors and the percentage effi- 
ciencies were calculated. 

The results of four experiments showed clearly the necessity of producing 
small amounts of precipitate in order to obtain suitable concentration factors. 


The highest concentration factore, average 124, were obtained from the 
minimal flocculations ; the values fell progressively with increasing amounts of 
precipitate to an average factor of 56 at pH 8.0. The average percentage effi- 
ciencies indicated that in these experiments approximately 64 per cent of the 
“ccilli were collected by minimal flocculations, while 83 per cent were collected 
pH 8.0. The concentration factoi-s and the percentage efficiencies at pH 7.0 
mid 7.5 were intermediate. 


These e.xperiments revealed much more comparable results from experiment 
to experiment in the minimal flocculations (pH not restricted to a given point) 
t'mn in the portions of urine adjusted to the pH values designated. This result 
oppeared to be explained by the fact that the different urines gave different 
“mounts of precipitate at the given pH, possibly because of differing contents 
of the ions to be precipitated. Since the increased precipitation at higher pH 



978 


THE JOURNAL OP L^VBORATORY AND CLINICAL MEDICINE 


values interl'ercd with couceiitratioii factors mucli more than it improved tlie 
completeness of collection, it became apparent that large volumes of urine and 
minimal phosphate flocculation provided the best combination of conditions. 

Considerable attention was given to the possibility of double stage concen- 
trations as a means of further increasing the volume reduction and the possibility 
of detecting small numbers of tubercle bacilli. The phosphate precipitates, 
collected as descrilied at approximately neutral pH and termed primary precipi- 
tates, were dissolved in an equal volume of 12 per cent sulfuric acid (by vol- 
ume). After incubation of the acid mixture at 37° C. for thirty minutes (if 
for cultivation), the solution was adjusted to grass green (pH about 1.5) in 
the presence of bromcresol green color indicator. A new, smaller precipitate 
(called secondary or second-stage precipitate) formed and was collected by 
brief centrifugation. 


Table II 

Comparison op the Concentration Factors in Primary and in Double-Stage 

Phosphate Precipitates 


EXPER. 

NO. 


Averages 


CONDITIONS OP 

primary 

PRECIPITATION 


pH 7.5** 
pH 7.5 
pH 7.5 
pH 7.5 
pH 7.0 

Minimal flocculation 


priaiary 

CONCENTRiVTION 

FACTORS 


x56 

xGO 

x66 

x51 

x82 

xl6-i 


x80 


DOUBLE-STAGE 

CONCENTR.WIOI! 

F.ACT0KS 


Xl0(i 

X200 

x25i 

x220 

x3aS 

x236 


x24C 


*lt has been shown that higher concentration factors are obtained at lower pH lalues. 

Table II shows a comparison of the concentration factors 
single- and double-stage concentimtion of a series of urines containing ' 
numbers of tubercle bacilli. Since most of these experiments were caiue ou^ 
before the importance of minimal flocculation was imderstood, the i a ues 
probably lower than those obtainable at the present time. Howevei, 
indicate that it was possible to increase the primary degree of concentia 
about three times, and that this double-stage procedure served the veiy 
taut function of recollecting the bacilli after precipitates were disso \ e m 
to kill contaminants. 

During the coirrse of the preceding experiments it was possible to p 
for practical trial of the methods studied only 17 specimens of 
persons suspected of having renal tuberculosis. In view of the 
tainty of effective concentration in urines containing pus, these jg 

eluded as many purulent samples as could be obtained. It was jjjjj,, 

determine how many of these urines ivere from kidne.y disoi eis 


shakiii,^' 


renal tuberculosis. 

Each urine was placed in a large flask that permitted fhe 

during adjustment of the pH to induce a slight phosphate oeci^^j 
urine was then poured into a large (open or separately) IuIa’ 

precipitate settled. The sediment was drawn off into a 50 c.c. jiuiJ 

as it collected. The tube of sediment was centrifuged, the supe 
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was discarded, and more sediment ivas added for paekins. Altliougli tliis pro- 
cedure did not permit collection of the last traces of precipitate, it removed the 
necessity of centrifuging large volumes of urine. After concentration by one 
or more methods the same number of microscopic fields (usually 50 to 100) was 
examined in each concentrate. 

Among the four clear specimens of urine, two were positive for acid-fast 
liacteria. One of these was microscopically negative in the sediments from four 
concentration methods; positive cultures were obtained from the secondary 
pliosphate precipitate. The other was microscopically positive in the second- 
stage phosphate flocculation, and negative by two other concentration methods. 

Among the 13 purulent urines, three were shomi to be microscopically posi- 
tive for acid-fast bacteria. Only one contained large numbers of bacilli. The 
pus collected by direct centrifugation was strongly positive on microscopic 
examination. This urine was then fractionated in order to learn whether the 
preponderance of bacilli occurred in the pus or in the fluid urine. Bacilli in 
the clarified fraction of the urine were rare, being found only in the portions 
which were concentrated by primary and by secondary phosphate flocculations. 
The results from three other concentration methods were negative. It appeared 
that purulent sediments could not be discarded in order to avoid the difficulties 
which they caused. One of the remaining iiositive urines yielded two bacilli 
per 100 microseoplo fields following direct centrifugation, and 15 bacilli per 
100 fields following the second-stage jihosphatc flocculation. The last urine 
(very bloody) was negative in tlio fir.st-.stage phos])hafc precipitate, but positive 
after carrying out a second-stage procedure in which chloroform was used as 
the collecting agent. 

In urines containing pus the greatest difficulty was found to be the limited 
possibility of obtaining suitable volume reduction, without which effective con- 
centration was impossible. The bulky iirecipitales, obtained in the presence of 
niuumal phosphate flocculations, were treated in a variety of ways designed to 
'I'gcst the pus prior to a second flocculation to collect the bacilli in smaller 
volume. Although these attempts accounted largely for tlie positive results which 
"cre obtained, they were not highly satisfactory. Acids dissolved the phosphate, 
ond not the cells, while strong alkali dissolved the cells but not the phosphate. 
^Approximately an equal volume of 2.5 N sodium hydroxide was required to 
oving about appreciable solution of the cells. This combination formed a tliick, 
"clatinous mass. The subsequent dilution and neutralization of these mixtures, 
loscthcr with the poor volume reduction in the presence of the residual cell 
‘‘cbris, did not permit achievement of greatly increased concentration. 

From primary phosphate precipitates treated with acid or with alkali, eol- 
cction of the bacilli with xylol or chloroform was compared with the results 
obtained by double-stage pho.sphatc flocculation. Although xylol flotation ap- 
I’varcd more hopeful as a means of separating the bacilli from the insoluble 
vcsiducs, the degree of concentration was no better than in the bulky debris 
VO voted by the double-stage phosphate method. The results with chloroform 
owise were not satisfactory, perhaps because tliis reagent was collected in 
'0 ottom of the tubes along with the undissolvcd residues. 
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DISCUSSION 

From the studies in the synthetic tuberculous urines it became clear lliat, 
ainong the methods studied, the precipitation of a very small amount of i)lios- 
phate from urine by partial neutralization afforded the most practical ami eftVe- 
tive method of collecting tubercle bacilli. Because of the differing amoimls of 
precipitate produced at an accurately controlled pH, exact control of this con- 
dition was less useful than the adjustment of the urine to the minimal ilocciila- 
tion point. 

Earlier studies" had shown that urate or “tannic acid” precipitates coulil 
not be dissolved or ivashed by Petroff’s method of direct contrifugation ivitli- 
out losing the majority of the bacilli collected. In the case of the phosi)liate 
flocculation method, this objection to dissolving precipitates was overcome in a 
procedure that employed repreeipitation of phosphate as a means of recolkl- 
ing the bacilli and increasing the degree of concentration. Thus it became pos- 
sible to treat primary phosphate precipitates with acids prior to microscopic 
examination or cultivation. 

Two factors limited the second-stage concentration ; (a) the volume reduc- 
tion was small compared with that obtained in the first stage; (b) the 
precipitates were diluted four or five times during the process of dissolving ni 
acid and then neutralizing the solution. Thus secondary stage increases of 
three times over the primary concentration of the bacilli were actually concen- 
trations of twelve to fifteen times when credit is given for overcoming the cil’ecls 
of dilution. In no case did the phosphate double stage result in loss of con- 
centration. 

SUMMARY 

Among the five methods studied, the most effective means of collcctino 
tubercle bacilli from urine was by partial neutralization to obtain a 
phosphate flocculation. The factors influencing the degree of concentiatmn a 
the percentage of the bacilli collected were investigated. 

Second-.stage phosphate precipitations were shown to increase the 
tration of the bacilli for microscopic examination and to provide a means o 
lecting the bacilli after treatment with acids prior to cultivation. 
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A STUDY OP THE GROAVTH OP HUjrAN TUBERCLE BACILLI ON A 
NONPROTEIN SYNTHETIC AIEDIUJI* 


II. ■!. CoRPKR, JI.D., Ph.D., JI.iURiCE L. ('oii.v, Pii 1)., .VXD Clarence Bower 
Denver, Colo. 


I T IS well estalilished at pre.seiit that luiniaii tiiiicrclo Ivaeilli arowii on rela- 
tively poor nutrient media (from the standiiomt of composition and of sup- 
porting growth from small plantings) can survive for a long time.’ During 
this period they show certain morphologic changes in structure (eytomorphosis’), 
wliicli parallel the curves of active growth ; then pass into relative quiescence 
(or senescence) when certain specific materials are formed and liberated. Within 
the past several decades, the study of the bacilli and their products has been 
simplified markedly by the development of simitle nonprotein synthetic media, 
such as those of Lottg and Seibert, Henley and LeDuc, and Wong and AVeinzirl, 
to mention only a few. Our own interest originated from the desire for more 
e.\aet studies of the significance of the tubercle bacillus and its products from 
the standpoint of specific reactions, among which are included mainly' specific 
immunity and specific intoxication.’ For this purpose, it became pertinent that 
a simple inexjjensive medium be utilized and that the products be standardized 
sufficiently to unify the materials used for specific tests, particularly from a 
quantitative standpoint. After exhaustive preliminary trials with various com- 
hinations of essential constituents such as salts, amino acids, glycerol, and glu- 
cose, the Wong-AVeinzirl medium'* was chosen because it gave an excellent growth 
within several months with all the human strains of tubercle bacilli tested, was 
easily prepared uniformly, was inexpensive, and was a simple nonprotein 
medium. It proved comparatively nontoxie when injected intravenously into 
animals, especially after the greater part of the glycerol had been utilized for 
growth by the bacilli. The aims of these experiments primarily were to choose 
a suitable medium for our purpose by comparative tests and to study the con- 
ditions under which the maximum growth of tubercle bacilli and their liberated 
products occurred. This required studies of the mass of growth at various inter- 
'■als, the utilization of some of the important chemical constituents of the me- 
dium, the relation of volume and surface of the medium to growth, and finally, 
the amount of essential products liberated and found in the medium. To a 
minor extent, some of these factors had been studied previously for short peri- 
ods. Seibert,’ using Long’s asparagin medium for a maximum interval of 
twelve weeks, found that the tuberculoprotein content in the medium increased 
after five to six weeks from 0.1 Gm. per liter to 0.5 Gm. per liter at twelve 
weeks. In 1937 AVong“ studied the relation of tuberculoprotein formation to 

*Pioin the ResearcJi Department, National Jewish Hospital, Denver. 

Rcccivoil for publication, August 21. 1939. 
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g^o^vtlx of the culture in various media. He found that on an ine.xpeiisive 
glyeerol-free synthetic medium (containing glucose as a substitute for glycerol) 
approximately three times as much protein may be obtained as from Long’s 
synthetic medium at the end of six weeks. He concluded that a terminal alka- 
line pH is an important factor in the rapid production of tuberculin. His 
tests ran only to ten weelis in these experiments. 


METHODS 


Culture Bottle . — In earlier studies it was found advisable to use small neck 
bottles for long duration incubation of liquid media in order to avoid evapora- 
tion of the liquid as far as possible. IMore recently, with improvement in the 
grade of bottle glass, it was found advisable to take advantage of a previously 
described device,^ the cork inner lined screw cap bottle. On test these showed 
that the coi’k would dry sufficiently in the upright position to allow easy access 
of air, as tested by actual manometric side arm attachments, and yet would 
maintain absolute sterility for years. Such a bottle with culture is shown in 
Figs. 2 and 4. These bottles can be obtained in various sizes to give equal sur- 
faces with variable volume content and equal volumes with variable surfaces 
of liquid. 

Tuierculoprotein was determined by trichloracetic acid precipitation 
(Seibert). 

Glycerol was determined eolorimetrically by the Kolthoff method (modified 
for our purposes) . To 5 c.c. of the solution, 2 c.e. 4 N phosphoric acid and 3 pei 
cent potassium permanganate are added. After ten minutes 1 c.c. of 10 per cent 
oxalic acid solution is added and agitated. The solution becomes light brown in 
color in one to two minutes ; then 1 c.c. of dilute sulfuric acid and 5 c.e. ol 
Schiff’s reagent are added. A red violet color appears and is compared with a 
standard glycerol solution similarly treated. 

Glucose was detei-mined by the Folin and Wu method for reducing sUnUfi 

The hacillarij mass was determined bj'^ filtration through a Buchnei 
washing thoroughly to free from adhering salts and drying to con-stant vein 


at 100° C. 


RELATION OF VOLUJIE AND SURFACE OF MEDIUM TO GROWTH OF TUBEUCLE n.VClU- 

In 1934 Dorset and Henley^ stated that “the time required for the ciiltM^' 
to reach full growth is influenced not only'^ by the relation between ^ 
and surface area of the medium” (a nonprotein aspaimgin, de.vtiose, 
medium was used) “but also by the amount of medium in the 
even though the same ratio between volume and surface area e |aa 
For example, cultures planted on 100 c.c. of medium with a sui ac 
approximately 60 sq. cm. will reach full growth approximate } -j. '' " 

than cultures planted on 200 c.e. of medium with a surface area o pi 

This information was not sufficient to determine the optimum niowtk 

be used, in the liter or any other size bottle, for obtaining the ^ p 

of tubercle bacilli at the desired period of about three mon S 

elucidate this more fully, various size and capacity screw cap 
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ounces (237 c.c.) to 1 gallon (3,785 c.c.), surface areas from 20 sq. cm. to 15f 
sn cm were filled with varying amounts of WongAVeinzirl medium. Aftei 
tllvee months' incubation at Sf.S" C. the bacillary mass was determined, and 
tlielai-est volume for each flask giving a maximum growtli for that volume was 
lilotted" against the surface area of the medium. The resultant curve is given 

ill Pig. 1. 



An examination of Pig. 1 shows a definite ^ 

ot liquid and its surface in obtaining the maximum giow i o nutrient 

hacilli at the three-month interval. It is ^ ^"0 

medium placed in tlie bottles in e.xcess of instance, 

time required for the maximum growth ot tlie „ttnin maxi- 

1,200 c.c. of medium in the 1 gallon lioltle rcquucs \e raoi ^ ^ 

mum bacillary mass growth instead of three mont is nee e Ugni,! to "ive 
medium. Tli curve is valuable since the optimum volume ^ 
maximum growth in three months can be determined wi 1 
medium. 

AN.VLYSIS OF CULTURES AT VARIOUS INTERVALS OP OROWTH 

In order to obtain an insight into the relationship between the growth of 
ll'o Imman tubercle bacilli on the Wong-Weinzirl medium ^ ^ 

tlie medium itself so far as some of the important 

cultures of various ages and of different initial vo umes 0 ni vesults 

'iiaximmn growth of the bacillary mass were analyzed, 
are recorded in Table I. 
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UHO of ailsorption of the piotoln by tlio filter. 
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These results indicate that the growth of human tubercle bacilli averages 
about 1 Gm. of dried bacillary mass per 100 c.c of medium and that the mass 
weight decreases gradually in tlic succeeding montlis following maximum growth. 
The tubcrculoprotcin content of the medium is a factor of the age of the culture. 
The glycerol eonsumption of the growing human tuliercle bacilli is a constant 
(about 5 Gm. per 100 c.c.) with relation to the maximum growth. On the other 
hand, the glucose consumption was smaller in the ^Vong-^Veinzirl medium, about 
0.3 to 0.6 Gm. per 100 c.c. being used during the process of attaining maximum 
growth. Following maximum growtii of the human tuhercle bacilli on tlic 
Wong-'NVeinzirl medium, a fluid remains which varies in tuhcrculoprolein con- 
tent with age and wliich still contains 1 per cent glycerol and about 0.5 to 0.8 
per cent glucose. Tlie pH also ranges from about 6 0 to a final 7.0 after six 
months’ incubation at 37.5° C. 








^3 

pV V'. ■■ 



.. „ 2. — Tlie growth of avirulent human tubercle bacilli at seven weeks on buffered s.ilt^ 

animonmm citrate, 2 Gm. sodium carbonate, anhydrous. 6 Gm. monopotassium acid 
magnesium sulfate. 0 05 Gm. ferric ammonium citrate, 1 liter distilled ^yater) 
different proportions of Wonp-Wcinzirl medium. Bottles from left to right, full 
crown! medium, 2 per cent. 1 per cent. 0 5 per cent, and 0.1 per cent, 

'Jo'vn to 1 per cent. Similarly, 1 per cent glycerol alone with the salt mixture gi\ts> 

appreciable growth. 


THE FORMATION OF TUHEKCULOPROTEIN 

In order to study in more detail the formation of tuliorculoprotein from 
Ihc bacillary mass and liberation into the litiuid medium, the liquid medium was 
^vphoned off aseptically at various periods after growth of the haeilli liad begun, 
'ind the liquid was replaced by a volume equal to that removed of a buffered 
'“-‘Utral salt mixture, essentially the AVong-AVcinzirl medium without dextrose, 
fti.'cerol, and ammonium raalate (con.si.sting of 5 Gm. ammoiiiuni citrate, 6 Gin. 
■'lonopotassium acid phosphate, 2 Gm. anhydrous sodium carbonate, 2 Gm. 
^oJiuiii chloride, 1 Gm. magnesium sulfate, 0.05 Gm. ferric ammonium citrate, 
‘'“id 1,000 c.c. distilled water). This neutral salt mixture was used for two 
i'<^asons: first, that it was almost identical in composition and reaction to tlie 
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original nutrient 'Wong-’Weinzirl medium; and second, it would not support the 
growth of the human tubercle bacilli regardless of the usual amount of plant- 
ing. How^ever, after two weeks a perceptible additional growth had taken place 
on the surface of the liquid which, ryhen shaken down, would again be replawi 
by a small growth after another tryo iveeks. It was found later in a graded con- 
trol test, as a cheek upon the foregoing experiment, that as little as 1 per cent 
of the Wong-Weinzirl medium added to the nonnutrient salt mixture was suOi- 
eient to support in small amounts the growth of human tubercle bacilli (sec 
Fig. 2) . In further tests it rvas also found that a small amount of growth oc- 
curred when 1 per cent glycerol was added to the nonnutrient salt mixture. 
The factors of probable growth-stimulating material present in the large ma.s,s of 
tubercle bacilli, as well as a small amount of adsorbed nutrient solution wlsicii 
could not be removed adequately, precluded the use of this method for studying 
the formation of tuborculoprotcin (by decomposition of tire bacilli) without the 
complicating factor of new growdli occurring. 


Table II 

pH .VXD TuBEIiCDLOPBOTEIX LIBERATED IX CULTURES OF VlRULEXT IIUM.iX XUBEKCLE 
Bacilli (pH 7) ox WoxG-^VEixautL Medium 


AGE IX WEEKS 

TUBEROULOPROTEIX MG. PER 
C.C.* 

pH 

COLOR OP CULTURE LIQl'IR 

<1 

6 

8 

10 

13 

14 

16 

15 

IS 

20 

20 

22 

24 1 

26 1 

25 : 
30 

32 

32 

34 ! 
36 

35 

40 

42 

42 i 

44 

44 

46 

45 i 
4S 

oO 

52 

38 

0.03 

0.05 

O.IS 

0.30 

0.3S 

0.39 

0.46 

0.31 

0.43 

0.04 

0.02 

0.54 

0.38 

0.55 1 

- 0.54 

0.50 

fl.T3 

0.68 

0.55 

0.37 

0.03 

O.OS 

0.33 

0.8S 

0.90 

0.74 

0.73 

0.93 

0.65 

0.80 

0.65 

0.77 

6.4 

6.0 

6.6 

0.6 

6.4 

6.5 

6.9 

6.6 

7.0 

7.0 

7.0 

6.5 

7.2 

7.0 

7.1 

7,4 

7.2 

7.0 

7.0 

7.1 

7.0 

6.9 

G.S 

7.0 

7.0 

7.3 

7.0 

7.0 

7.0 

7.0 

7.0 

7.0 

Light yellow 

Light yellow 

Liglit yellow 

Light yellow 

Golden 

Golden 

Golden 

Golden 

Light gold 

Dark gold 

Liglit gold 

Dark gold 

Dark gold 

Light brown 
. Light brown 

Golden 

1 Light broira 

Dark gold 

Light brown 

Light brown 

Light brown .. 
Light brown 

Dark gold 

Light brown 

Dark brown 

Golden 

Dark brown 

Dark brown 

Light brown 

Dark brown 

Dark brown 

Dark l)rown__ — 


*Tiie tuberculoprotein determinations were inade on the 


removal by filtration. ^ ^ 

'We found data in the literature on tuberculoprotein 
intervals up to twelve weeks from the time of the ° j^ougl* to ddfr- 

order to obtain more infoi'mation the tests were extendec a 
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mine complclcly wliethci* is tlie predoiiiiiiatiiig factor iii the liberation of 
tuberculoprotein, and our experiments were carried on for fifty-eiglit weeks. 
It has been our practice to plant a number of quart bottles of Wong-Weinzirl 
medium (containing 500 c.c. of medium) at weekly periods witli various strains 
of virulent and avirulent human tubercle bacilli. Tliese bottles were analyzed 
after various periods of incubation, starting at four weeks and continuing at 
two-week intervals thereafter iq) to fifty-eight weeks. The results of tliese 
analyses for tuberculoprotein and the pll are recorded in Talile II. The tuber- 
ciiloprotein curve is plotted in Fig. 3. 

iVn examination of the data recorded in Table II and Fig. 3 reveals tliat 
tile liberation of tuberculoprotein into tlie liquid medium may vary within a 
relatively wide range for individual tests for both virulent and avirulent human 
tubercle bacilli. As a whole, liowever, it tends to increase with age to a maxi- 
mum of about 0.5 to 1.0 mg. tuberculoprotein per culiic centimeter. It is sig- 
nificant that none, or very little, tuberouloprotcin is found in the liquid medium 
during the active stage of growtii of the bacillary mass. There seems to be 
little correlation between pH or color of the liquid and the tuberculoprotein 
content. 

Table III 

Relationsiiip Between Age, Bacill-ucy Mas.s, anp TruuscrLontoTEiN LiQEU.vrcD by 
Cultures of Virulent Human Tubekcle Bacilli on the Wono-Weinzirl Medium 
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original nutrient 'Wong-Weinzirl medium; and second, it would not support the 
groAvth of the human tubercle bacilli regardless of the usual amount of plant- 
ing. However, after two weeks a perceptible additional growth had taken place 
on the surface of the liquid whicli, when shaken down, would again be replaced 
by a small growth after another two Aveeks. It ivas found later in a graded con- 
trol test, as a check upon the foregoing experiment, that as little as 1 per cent 
of the Wong-Weinzirl medium added to the nonnutrient salt mixture was suffi- 
cient to support in small amounts the growth of human tubercle bacilli (see 
Fig. 2). In further tests it was also found that a small amount of growth oc- 
curred Avhen 1 per cent glycerol Avas added to the nonnutrient salt mi.\tiire. 
The factors of probable groAvth-stimulating material present in the large mass of 
tubercle bacilli, as Avell as a small amount of adsorbed nutrient solution wliicli 
could not be removed adequately, precluded the use of this method for studying 
the formation of tuberculoprotein (by decomposition of the bacilli) Avithout the 
complicating factor of ncAv groAvth occurring. 


Table II 

pH AXD Tubeuculopi:otein LibePmAted in Cultures ok 


... VIPlULENT Hujian Tl'beixix 

Bacilli (pH 7) on Wong-Weinzirl Medium 


AGE IN AVEEKS 


6 

8 

10 

13 

14 
16 
18 
18 
20 
20 
22 
24 
26 
28 
30 
32 
32 
34 
36 
38 
40 
42 
42 
44 
44 
46 
48 
48 
50 
52 
58 


tuberculoprotein mg. per 
c.c.* 


0.03 

0.05 

0.18 

0.30 

0.38 

0.3AJ 

0.46 

0.31 

0.43 

0.64 

0.62 

0.54 

0.58 

0.55 

0.54 

0.50 

0.73 

0.68 

0.55 

0.57 

0.65 

0.68 

0.53 

0.88 

0.90 

0.74 

0.73 

0.95 

0.65 

0.80 

0.65 

0.77 


pH 


6.4 

6.5 

6.6 
6.6 

6.4 
6.8 
6.9 
6.6 
7.0 
7.0 
7.0 

6.5 
7.2 

7.0 

7.1 
7.4 

7.2 
7.0 

7.0 

7.1 
7.0 
6.9 
6.8 
7.0 
7.0 

7.3 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 


COLOR OP CULTURE UQlTn 


•The tuberculoprotein determinations were made on the 
loval by filtration. 


Light yellow 
Light yellow 
Light yellow 
Light yellow 
Golden 
Golden 
Golden 
Golden 
Light gold 
Dark gold 
Light gold 
Dark gold 
Dark gold 
Light brown 
. Light brown 
Golden 
Light brown 
Dark gold 
Light brown 
Light brorni 
Light brown ,. 
Light bromi 
Dark gold 
Light brown 
Dark brown 
Golden 
Dark brown 
Dark bromi 
Light brown 
Dark brown 
Dark brown 

I Darkbrown - 


We found data in the literature on tuberculopiotein fw In 

ervals up to tAvelve Aveeks from the tune of the p an nin to detfi" 

[er to obtain more information the tests Avere exten e 
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attained at about from two to three months’ incubation period. After tliat 
time no appreciable growth occurs, and there is a visible shrinkage in bacillary 
mass (Fig. 4) paralleling tlic loss in weight of bacillary mass up to tlie sixteen- 
mouth interval. (Tlie same is true lor aviruleiit human tubercle l}aeilli.) TJic 
loss in mass may approach almost hO per cent of the weight. Tlie liberation of 
tubcrculoprotein into tlie medium docs not begin appreciably until growth has 
practically ceased, does not account for the total loss in bacillary mass, and is 
erratic to some extent, but sliows an approximate maximum figure in about six 
to ten months at ineulmtor temperatiij-e. 

SUiniARY AND CONCI.U.SIONS 

1. There is an optimum volume of nutrient medium (WongAVeinzirl) re- 
quired for the maximum growth of human tubercle bacilli (three months after 
planting) for a definite surface area. 

2. Analysis of cultures of human tubercle bacilli in bottles of various sizes 
and surface areas with various volumes of nutrient medium (Wong-Wenizirl) 
slimved that the glycerol consumption was a constant (about 5 Gm. being 
utilized per 100 c.e. medium) after maximum growtli lind been obtained. Com- 
paratively smaller amounts of glucose were utilized, and the tnbcrculopi'otoin 
content, though variable, increased with the age of the culture. 

3. Growth requirements for tlic human tubercle bacillus (heavily jilanted) 
are not great in a buffered neutral salt mixture (essentially 'Wong-Weinzirl 
Hiedium witliout glycerol, glucose, or ammonium malnte). As little as 1 per 
cent Wong-Weinzirl medium or 1 per cent glycerol added to the salt mixture 
'dll support the growth of human tubercle bacilli. 

4. The tuberculoprotcin present in the liquid medium is not appi't fialde 
in 500 c.e. volume of AVongAVeinzirl medium in 1 liter bottles until after inaxi- 
■Tiuni growtli of human tubercle bacilli lias been approached at about tuo to 
three months after planting. The liberation of tuberculoprotcin into tlie liquid 
njedimu increases to a maximum with the aging of tlie bacillary mass up to from 
•■’•x to ten months, and probably is a product of autolysis of the liaeilli. 
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TECHNIQUE POE PEODUCING CAEOTID LOOPS IN DOGS* 


J\lERvrN J. Eumold, M.D., Kansas City, Kan. 


' j "’HE determination of systolic blood pressures in experimental animals may 

be made satisfactorily over long periods of time by the use of the carotid 
loop. Van Leersum^ described a method employing its use, but its construction 
was associated with a high morbidity and mortality rate. Child and Glenn' 
later reported a modification of the van Leersum method that gave a liiglier 
percentage of successes. The pux’pose of this paper is to present in detail still 
another modification of the van Leersum carotid loop in dogs, which, in our 
experience, has proved satisfactory. 

The size and age of the dog are not important. Animals with long necks and 
animals with considerable loose skin on the ventral surface of the neck are belter 


specimens for the operation as the skin can be pulled together with less tension, 
The skin of the animals should be smooth and free from disease. 

The operative site is prepared by shaving the neck after lathering it wcil 
with soap and rvater. Excess soap is removed with ether and alcohol. It b hest 
to shave the necks of animals just before the operation. If the shaving is done 
the day before operation, numerous infected papules appear over the skin sui 
face. Operation in the presence of infection usually ends in disaster. Ckik 
and Glenn suggest the use of the Schick Dry Shaver. 

The dog is next anesthetized with ether and transferred to the opeinlnij 
table. His legs are securely tied to the table. A half roil of toweling paD*' ’ 
placed under the neck to elevate the operative field. The prepared skin is tkf'J 
painted with 7 per cent tincture of iodine, which is allowed to oxidize foi tlnu^ 
seconds befoi'e being removed with alcohol. The operative field is draped 
four sterile towels. 


It is essential that the incisions for the skin flap be made along the conme 
the carotid artery. It is also important that the skin flap he wide cnoUn^‘^^ 
that when the edges are sutured together around the exteriorized caiotn ar 
there will be no necrosis when postoperative edema develops. 

The first incision is made just lateral to the midline of the 
incision starts 1 cm. below the thyroid cartilage and extends 
slightly obliquelj'^ lateralward to a level of 2 cm. anterior to the 
The lateral incision is the same length and parallels the medial jii;, 

two incisions should be about 2 to 2.5 cm. apart, depending upon t jjn. 

animal. The sldn flap is now undermined throughout its enthe Icn,, j .j 
subcutaneous tissue. The superficial external jugular vein is e.xiioscc ^ ^ ^ 

‘From the Hixon Laboratory of Experimental lledicine, UniversiO of 
School, Kansas City. 

Received for publication, .September 13. 1939. 
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lies beneath the skin ilap. An incision is made just medial to tlie course of the 
external jugular vein through tlie platysma and sternocleidomastoid muscles, 
splitting the muscles for a distance equal to the length of the skin incisions. 
The carotid sheath containing the common carotid artery, the internal jugular 
vein, and the vagus nerve will be found lying just beneath the sternocleido- 
mastoid muscle and lateral to the trachea. The common carotid artery is sepa- 
rated from the rest of the structures of the carotid sheath by careful blunt and 
sharp dissection throughout a distance of a little greater than the length of 
the skin flap. 



Ttie common carotid artery is lifted from its bed and surrounded by the 
s in flap. T]ie edges of the skin flap are sutured around the artery by a sub- 
cuticular No. 1 chromic catgut stitch. This procedure is best done by a large 
Ihin curved cutting needle. 

The next step in the operation is very important. Two button retention 
^ sutures are placed through the skin and subcutaneous fascia at each extrem- 
I y of the skin flap in order to relieve the skin tension at the ends of the new 
ormed loop, permitting union at these two vital points. Separation of the skin 
^^oGs of the ends of the loop predisposes to infection, tlirombosis, and hemor- 
^ single separation or failure since using these reten- 
u sutures. They are removed the eighth or tenth postoperative day. 

The muscle ineision is now closed with three interrupted equally spaced 
GUtgut sutures. The medial and lateral skin incisions arc sutured to- 
er With a subcuticular No. 1 chromic catgut suture. The suture lines are 
suited with 2 per cent gentian violet solution. 

im dressing and the postoperative care of those animals is very 

■mt. A strip of gauze is inserted under tlie loop, and two gauze rolls 
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are placed parallel to it in such a manner as to prevent its being crushed. Two 
pieces of gauze bandage are then placed over the loop whicli is held in position 
by 10 to 12 layers of gauze wrapped around the neck covering the operative 
site. Three 1 inch strips of adhesive tape are placed around the neck to hold 
the dressings. The dressings are ehanged every other day, and anj^ secretions 
around the loop are removed with a little soap and warm water. The incisions 
are again painted with 2 per cent gentian violet solution, and the .same type 
of dressings is applied. These dressings usually can be discontinued after the 
eighth postoperative day. By the tenth day the postoperative edema has usu- 
ally subsided so that the loop may he used for blood pressure readings. 
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A STABLE CAPILLARY GLASS ELECTRODE FOR aiEASURING THE 

pH op LIVING TISSUE^' 


Gordon H. B.vll, Ph.D., Los Angeles, Calif. 

A NUMBER of improvements have been made during the past fetv .vcais 
systems of amplification and of increased stability for glass electrodes o 
high resistance.^’ -- Unfortunately, some of these modifications haNC rc 

suited in considerable increase in the complexity of the .system, and liavc 
manded elaborate shielding, resulting more than often in a very expcirsn 
piece of equipment. 

In 1936 Show and Wynd® described a nul-point apparatus 
simplicity and cheapness, which appeared to be well suited for use 
lary glass electrodes of high resistance of the type to be described 
AVith a few minor modifications the amplifying system used heie vms 'I* 
scribed by Show and AA^ynd. AVith this apparatus the major part o | 
ment can be enclosed in a grounded metal box, 12 inches by 7 inches J.V 
As the system was finally set up, the lead to the glass electrode 
the only external source of instability. Fairly simple shielding, anc a 


lai source ot instaDiiity. r airiy suuxji-.. ..[ijelJcii 

mentary precautions took care of this difficulty. The lead consistc o 

All measurements were made from a separate ta ^ * ...noili-u 


metal cable. All measurements were made from a sepaiait u ^^•ooF■a 

the cable was supported, where necessary, by rubber bands hanging i 
clamps. It is important that this lead does not, either diiect \ oi 
touch the table carrying the amplifying system. ^ 


A bakelite support was used for the electrode holder. iW- 

the animals tested Avere placed on a small dissecting hoai 


*From the Department of Zoolo£r>', University of oOifornm, 
Aided by a grant from the Board of Research. University o 
Received for publication, August 30, 1939. 
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which, in tarn, rcstcil on a Hal .sheet of liakelile. After tliis jiart of tlio appa- 
ratus was iilaeed in a wooden box, no further sliieldin;; wa.s nece.ssary. Tliu 
electrodes could tliiis lie manipulated in an iiiiiiual witliout tlic operator being 
hampered by metal cages or other sereemng. Undoubtedly, the fact that the 
work was carried on in a .small, partialta enclosed, inside room of a concrete 
building aided in dispensing with elaborate shielding. Even with the grid hang- 
ing free, actual physical eontaet with the wire was nccessarj' to deflect the 
galvanometer. 

Ill the past one of the interferences with the use of the capillary glass 
electrode has been the presence of a “deviation film”' on the unimmersed por- 
tion of the capillary. A large number of substances, such as asphaltum, de 
Khotinsky cement, ceresin, etc., have been used by various workers to eliminate 
this .source of error, but none of them are of more than temporary value, since 
fluid soon penetrates beneath the in.snlating la.ver. 



Fis 1 . 


In 1935 Varney’ described a double-shank glass electrode of the bulb type. 
It occurred to mo that a somewhat similar gla.ss shield might be made for the 
capillary electrode, thereby eliminating completely the “deviation film.” After 
considerable e.xperimcntation the laboratory gla.ss blower succeeded in prepar- 
ing capillar)’ electrodes, similar to the one showm in Fig. I. Briefly, the pro- 
cedure was as follows; A spindle was drawn on the outer tube. The inner 
tube was inserted and fastened firmly at the upper end by cork or de Khotinsky 
cement. With the latter an air outlet was provided, A closed ring seal was 
niade at the bottom. The spindle was allowed to cool, and then reheated with 
a flue flame to draw out the capillaiy. 

Using an ordinary vacuum pump, tlic capillary was filled with oiie-tentli 
normal hydi’ochloric acid, saturated witli qiiinhydroiie. Tlieii, by keeping the 
fluid ill the capillary under slight pressure during the process, and using aii 
oxygen flame, capillaries 50 to 60 mm. in Iciigtli could he sealed with fluid down 
to the very tip. Longer capillaries were more sensitive and less easily broken, 
lint for the e.xperimental work in hand, namely, determination of the pll of 
the rat intestine, a capillary 20 to 25 mm. in length proved most suitable. The 
capillaries were from 40 to 50 p. outside diameter and from 20 to 30 p inside 
fliaineter. Before use scaled capillaries were brought to eipiilibrium by soaking 
them for twenty-four hours in oiie-tciitli normal hydrochloric aeid saturated 
''■■'th (liiinliydrone ; they were kept in this solution whenever they were not 
being tested. 


Satisfactory electrodes, calibrated with standard huffors over tlic ranges 
•'xed (pH 5 5 7 g) , gave linear graplis (Fig. 2) and showed a volta'ge differ- 

ence of from 40 to 50 iiiv. for one pH unit. Caliliration was made at 37.5° C. 
^ >th the apparatus already described, both the entire calomel half cell and the 
o a'’S electrode could he lirouglit to any desired temperature. Gradual changes 
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m the composition of the glass resulted in a slow altenntioii of ilm i f ? 
i-eaduigs. This usually amouuled to 5 of 6 mv. over the eo iree „t as ,n " 
consequently, reealibration ,vas advisable evciy two or ll.ree days SV 
electrode and the systenr of antpMeation dLribed l,e ^^00 1 2 
make readings accurately and rapidly to a differenee of 0.0025 pH niiils 

- 0.160 



Fig-. 2. 


Due to the elimination of the deviation film, these electrodes sliowed a in'gli 
degree of stability after reaching equilibrium. In oue series of readings of a 
buffer kept at a constant temperature, the electrode showed no denioustniW^’ 
difference in reading, that is, a variation greater than 1/10 niv. over a peiw 
of three hours. Another electrode over a period of six and one-Iialf liouis gau 
the following readings for one buffer at a constant temperature: 


TIME 

POTENTIOJIETEB BEADING VOLTS . 

2:23 P.3X. 

- 0.0057 

4:27 p.ii. 

-0.0051 

4:35 p.M. 

-0.0050 

9:00 P.M. 

-O.OOGO 


This stability is illustrated also in the reproducibility, using the san^ ^ 
of buffers twice over and in a different order. Such a series is shown in Ta i e ■ 
The maximum deviation was 1.7 mv. or less than 0.05 pH. 

An electrode of this t3me can be used for the determination of tiie “ ' 

disturbance of tlie organon*- 


ion concentration of living tissue with a minimum 


lich 


Although the electrode may be inserted into a living cell, the eftect o 
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Table I 


BUFFER pH 

TIME INTERVAL 
BETWEEN READING.^ 

FIRST READING 
VOLTS 

SECOND RE.\DING 
VOLTS 

DIFFERENCE 

IN MV. 

5.57 

1 hour 

-0.0555 

-0.0551 

0.4 

C.25 

1 hour 5 minutes 

-0.0257 

-0.0274 

1.7 

6.48 

2 hours 

-0.0163 

-0.014S 

1.5 

6.99 

— 11 minutes 

40.0045 

+0.0056 

1.1 

7.31 

1 hour 45 minutes 

-{0.0175 

+0.0165 

1.0 

7.46 

1 hour 18 minutes 

+0.0239 

+0.0238 

0.1 


penetration, as Chambers and Pollack® have shown by means of indicators, is to 
alter the intracellulai' pH. The electrode is particularly useful for insertion 
into natural cavities, such as tlie lumen of the digestive tract, where it may be 
used to determine the pH of adjacent areas or of limited regions of the tract. It 
can also be used to determine the pH of different parts of small animals whore 
the bulkier bulb4ype electrode would not be suitable. 

SUMMARY 

A stable capillary glass electrode is described in which the _ “deviation 
film" is completely and permanently eliminated. No elaborate shielding is 
necessary, and comparatively simple amplification systems can be employed. 
The electrode can be used to determine the Jiydrogen-ion concentration of very 
small areas of living tissue. 
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DETERMINATION OP TOTAL AND FREE CHOLESTEROL IN 

BLOOD SERUM'* 


Irving All.vn Kaye, A.B., M.Sc., Brooklyn, N. Y. 


I N 1936 Drekter, Sobel, and Natelson^ published a paper in which they men- 
tioned a method for the determination of free cholesterol wherein free choles- 
terol is precipitated with digitonin in an 80 per cent alcoholic medium, and is 
determined colorimetrically by the procedure of Schoenheimer and Speny.' 
This method has been in use in the chemical laboratories of this hospital for 
over three y'-ears. During this time several modifications have been introduced 
which simplify the method further and increase its accuracy. The purpose of 
this communication is to describe this method in greater detail, together rvith 
the suggested improvements, and to present, in addition, a rapid colorimetric 
method for the estimation of total cholesterol. 

Total cholesterol is usually determined by the same procedure as is used 
for free cholesterol after saponification of cholesterol esters. Tliis procedure, 
though theoretically sound, is usually very lengthy. To obviate tliis difficult.' 
the colorimetric reaction of Lieberniann and Burchard was applied directl.v to 
the lipid extract of cholesterol and cholesterol esters, in spite of the fact that 
Yasuda® proved that the latter give a proportionately deeper color than iiw 
cholesterol. However, the percentage of free cholesterol in normal indhiduah 
wms found to be remarkably constant and of the same order of maguitude as 
that reported by experimenters who employ the Schoenheimer and 
technique using saponification. This reason, and above all, its simphcitj au 
rapidity, justify the presentation of this method. 

Cholesterol and its esters are extracted at room temperature by 
volume of alcohol-ether solution. After centrifugation the .supernatant 
is decanted and evaporated to drymess. Total cholesterol is then 
by adding a solution of acetic anhydride and chloroform, follou'ed by 

- - - -- --- •. color "’Inch dc' a- 


The .simplia!.'’ 


trated sulfuric acid, directly to this residue. The deep green 
ops is compared with a suitable standard in a microcolorimeter. 
and rapidity of this method are due mainl.y^ to the elimination ' jn 

suming transfers usually necessary when other procedures aie ^ subti- 
addition, a stable solution of cholesterol in acetic anhy^dride Ims Kti 
tuted for the usual standard in chloroform. ■ 

The free cholesterol in the alcohol-ether residue is determined by P 
tion as the digitonide in 80 per cent alcohol. After the pi'ccipi 
free of esters with ether, it is dissolved m glacial acetic aci 
colorimetrically, using as standard a solution of cholesteio >u( 

*Prom the Pediatric Research Laboratorj-. tlie Jewish Hospital of Broo 
Received for publication. September 23, 1939. 
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ill acetic acid and acetic aiiliydride. Tliis solution eliminates the necessity of 
compaiing the unknown witli Icnown amounts of cholesterol carried through the 
entire procedure. 

In this procedure somewhat larger nnioutit.s of .serum are used than in the 
Schoenheinier and Sperry method because no photoelectric colorimeter or pho- 
tometer was available. ITowever, since few clinical laboratories are equipped 
with these expensive instruments and since small amounts of serum arc used 
nithal, these procediu’cs niaj' be followed wherever a rapid accurate procedure 
is desired for the determination of free and total cholesterol. 

The method may be used to advantaire wherever a complete lipid frac- 
tionation on serum is de.sircd. The extraction method of Schoenheinier and 
Sperrj’ with alcohol-acetonc reagent cannot be used here becau.se of the relative 
insolubility of some lipids in this medium, e.specially phosphatides, whci’eas 
extraction with Bloov’s alcol\ol-eti\er mixture is an accepted procedure- The 
weighed lipid residue may be di.s.solved in cold benzene, and free and total 
cholesterol may be determined on aliquots of tins solution after evaporation of 
the solvent at C0° C. 

METHOD 

JUagents. — I. Total cholesterol standard. 

Olio hundred milligrams of pure dry cholesterol are dissolved in 250 c c. of 
acetic anhydride (1 c.c. = 0.4 mg. of cholesterol). 

By comparison from time to time with equal amounts of pure cholesterol, 
this solution has been found to be stable for at least eiglit months. 

2. Digitoniii solution iii glacial acetic acid. 

Dissolve 175.6 mg. of digitonin in a little glacial acetic acid. "Warm to 
60® C. to ha.stcn solution, cool, then dilute to 100 c.c. witli the same .solvent. 
This .solution is stable for at least a year. 

3. Free cholesterol standard. 

To 25 c.c. of the total cholesterol .standard add 2.5 c.c. of the digitonin solu- 
tion in glacial acetic acid and 25 c.c. of acetic anliydride. ^Iix well in a glass- 
stoppered bottle (3 c.c. = 0.4 mg. of cholesterol). This solution has been found 
to be stable for at least one year. 

•1. Digitonin solution, 0.5 per cent. 

Dissolve 500 mg. of digitonin in 100 c.c, of 50 per cent alcohol {55 c.c. of 

per cent alcohol and 45 c.c. of distilled water) at G0° C. This solution 'is 
s>tahle for at least four months. 

5. -iVlcohol-ether solution. 

Add 750 c.c. of 95 per cent alcohol to 250 c.c, of ether. Keep in a cool place 

O' glass-stoppered bottle. 

6. Alcohol, 95 per cent. 

7. Concentrated sulfuric aeid. Baker’s C. P. product wa.s used and kept in 
^ ^mall dropping bottle. 

3. Glacial acetic acid, ether, acetic anhydride, and chloroform. Baker’s 

T. products were used. 
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9. Acetic aiiliydride-cliloroform solution. This reagent must lie prepaml 
immediately before use or stored in a refrigerator for a period not greater ilian 
two weeks. For each 10 c.e. of acetic anhydride add 20 c.c. of chloroform. 


Total Cholesterol . — Tivelve cubic centimeters of alcohol-ether solution are 
added in a rapid stream to 0.2 c.e. of serum in a 15 c.c, test tube. A finely 
divided protein precipitate is formed which is easily packed on ceiitrifiigatioii. 
After centrifuging for three minutes at 2,000 r.p.m., the supernatant liquid ir 
decanted into a 25 c.c. Erlenmeyer flask and evaporated just to diyness on a 
ivater bath.® When it is thoroughly diy and cool, 3 c.c. of the acetic-anhydride- 
chloroform solution are added, followed by 2 drops of concentrated sulfuric 
acid. The contents of the tube are thoroughly mixed, stoppered, and set aside 
for ten to fifteen minutes for color development. The standard is prepared at 
the same time by adding 2 c.e. of chloroform to 1 c.c. of the cholesterol stand- 
ard in acetic anhydride. Two drops of sulfuric acid are added, mixed, and the 
color is permitted to develop out of direct light for ten to fifteen minutes. The 
colors are compared in a mieroeolorimeter. 


Free Cholesterol. — Twenty-five cubic centimeters, of alcohol-ether solution 
are added in a rapid stream to 0.5 c.c. of serum in a 30 c.c. test tube. After 
centrifugation at 2,000 r.p.m. for three minutes, the supernatant liquid is de- 
canted into a 50 c.c. beaker and evaporated to dryness on a water bath. The 
lipids are transferred quantitatively to a 15 c.c. centrifuge tube with three 
2 c.c. portions of ether. The ether is evaporated to dryness by placing the test 
tube in a container of warm water. Two cubic centimeters of 95 per cent alco- 
hol are added, and the test tube is stoppered and placed in an oven or water 
bath at 60“^ C. for about thirty minutes. One cubic centimeter of digitonin 
solution is then added, and the contents of the tube is thoroughly mixed. The 
test tube should be left at rooin temperature for at least three hours befon. 
being centrifuged for ten minutes at 2,000 r.p.m. The supernatant liquh n 
aspirated, and the precipitate is suspended in 3 c.c. of ether. After centuliin 
ing for five minutes, the supernatant liquid may be decanted without fear o 
disturbing the precipitate. The precipitate is washed once more nith et ier. 
dried at 60° 0., and dissolved in 1 c.c. of glacial acetic acid at the same 
perature. After cooling to room temperature, 2 c.c. of acetic anhy i' ® ‘ 


4 drops of concentrated sulfuric acid are added. The solution is 


mixed well 


and set aside for twenty-seven minutes out of direct light for co or 
ment. Color comparisons are made in a microcolorimeter with a stan ar ^ 
pared at the same time by adding 4 drops of concentrated sulfuric aci 
of the digitonin-cholesterol solution. 


' cholesterol in the stanAiol :< o<'0 


Calculation — 

Total cholesterol: 

Reading of standard 

Alg. per 100 c.c. - of unknown ^ ° 

Free cholesterol: ... 

W. ner lOO c e = stan da^ ^ cholesterol in the .-tankard . A 

per lU . , Evading of unknown ^ ^ 

•Overheatins or the di-j- residue must be avoided. reason, 

solvent are sometimes evaporated in a water bath or oven at 60 
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RESULTS 

The results of a large nunilier of determinations carried out under routine 
analytical conditions, without too mijch emphasis on technique, are presented in 
Table 1. An alcoholic solution of cholesterol was added to tlie lipid extract of 
blood serum, and the solvent was evaporated. The procedure from this stage 
on was tlio same as is described under the i)rocedure for free cholesterol. In 
addition, a pure solution of cholesterol in 95 per cent alcoliol was treated witli 
digitoiiin, and the amount of cholesterol digitonide found by the same pro- 
cedure. The results in Table I were accumulated during the past two years in 
our laboratories where it is a routine i)raotice to check on the validity of nictli- 
ods and reagents. 


Table I 

ReCOVEI'.Y OE FKEE CHOLESTEUOL by TIIC DIOITONIX SlETlIOD 


NATURE OP 

recovep.y 

number 

OP DETER- 
MINATIONS 

AMOUNT OP 

CHOLESTEROL 

added 

ME\N 

AMOUNT 

UCl overed 

AVERAGE 
DEVI.VTION 
FROM MEAN 

STANDARD 
DEVI.VTIO.V 
OP MEAN 

Ulolestcrol udded to lipid 
e.vtract 

43 

0.400 ing. 

0.3000 mg. 

±0.0131 

0.015S3 

Cholesterol added to lipid 
fiAtract 

20 


0.2004 mg 

± 0.0094 

0.0127 

Pure solutioa 

152 

0 400 mg. 

0 .3.S9 mg. 

+ 0.0107 

0.0131 


III Table II are presented results carried out under research conditions, 
with more attention to details, AVhile those results are sui^crior to the former, 
it is apparent that tlie method is fairly accurate even wlien carried out under 
the conditions found in the average clinical laboratory. 

Table II 


Representative Recoveries o.f Free Ciiole-sterol bv the Digitonin Method 


NATURE or RECOVERY 

1 AMOUNT OP 

CHOLESTEROL ADDED 

1 AMOUNT 

RF.COVERED 

to liiiid residue 
to lipid residue 
^toes terol added to lipid residue 

erol added to lipid residue 

Uoesterol added to lipid residue 

C °r to lipid residue 

C „ “> ”l>i>l residue 

'ip**! residue 

Pii.B solutions of ciiolesterol 

Pare ^ 1^1 "I’.** ^tttutions of ciiolesterol 

Pur. !*** solutions of cholesterol 

^oliolic solutions of ciiolesterol 

0.400 mg, 

0.400 mg. 

0.400 mg. 

0.400 mg. 

0,200 mg. 

0.200 mg. 

0.200 mg. 

0.200 mg. 1 

0.400 mg. 

0.400 mg. 

0.400 mg. 

0.400 mg. 

().39() mg. 

()..390 mg. 

0.410 mg. 

0.3D6 mg. 

0,204 mg. 

0.199 mg. 

0.195 rag. 

0.199 mg. 

0.400 mg. 

0.400 mg. 

0.39S mg. 

0.394 mg. 


. In Tabic III are listed the results of 25 analyses on normal individuals. It 
's to be noted that while the absolute amounts of total and free cholesterol by 
JI'is procedure are variable, the percentage of free cholesterol in the total eho- 
'S’torol is fairly constant. Sperry* in his studies observed that his percentages 
'«re slightly higher, varying from 24.3 per cent to 30.1 per cent. This is prob- 
“Wj’ due to the fact that our total cholesterol values, where no saponification 
"“s eniployej^ are higher than his. 
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Table III 

Values on Normal Individuals 


(Expressed in mg. per 100 c.c. of serum) 


TOTAL 

CHOLES- 

TEKOL 

FREE 

CHOLESTEROL 

% FREE 
CHOLESTEROL 

TOTAL 

CHOLESTEROL 

FREE 

CHOLESTEROL 

9c m'z 

CIIOILSTKIIO;, 

215 

00 

26 

27S 

79 

IS 

237 

58 

25 

257 

71 

2S 

273 

64 

23 

185 

4S 

20 

188 

52 

28 

154 

41 

27 

17-1 

43 

25 

162 

41 

25 

1S3 

44 

24 

174 

4.S 

2.5 

246 

56 

23 

240 

57 

21 

213 

53 

24 

202 

54 

2(i 

209 

46 

22 

203 

49 

21 

222 

60 

27 

218 

60 

2.S 

259 

61 

23.5 

195 

55 


231 

64 

28 

Normal range 

Normal range 

Normal raiisi' 

226 

59 

26 

154-273 

41-71 

22-28 

2.38 

55 

23 





Table IV contains the results of the method of e.Ktraction presented in tlih 
paper compared with four other widely tised methods. Bloor,° Kirlc, Page, ami 
Van Slyke,“ Boyd,^ and Drekter, Bernhard, and Leopold® were the cxiieii- 
menters whose methods were chosen. In the Bloor technique twenty volumes of 
alcohol-ether solution were refluxed for about five minutes with one volume of 
serum. The refluxing -was continued for one hour in the ease of Kirk ami 
co-workers; extraction and no refluxing at aU were permitted in the Hop 
extraction. The protein precipitate was filtered and washed free of lipids 
hot aleohol-cther solution in the case of the first tw'o extractions, and witli dm 
cold reagent in the latter method. The combined filtrates were evaporated to 
dryness, and the residue was dissolved in an amount of benzene equivalent to 
the amount of serum used in the initial extraction (3 c.e.). One-half cu le 
centimeter aliquots were pipetted into centrifuge tubes for the digitomn prO" 
cedure, and 0.2 c.e. aliquots were used for the determination of total ehoh-dcio^^ 
The benzene was evaporated in an oven at 60° C., and the determinations nci 
continued as described in the regular procedure. 


Table IV 

Free and Total Cholesterol by Various Methods or Exti!Actio.v 
(Pooled serum was used) 


.AUTHOR ’s 

KIRK, page, 

AND 

VAN SLVKE 

BOYD 

CHOLESTEROL 

CHOLESTEROL 

CHOLESTEROL 

total 

FREE 

TOTAL 

FREE 

TOTAL 

FREE 

nig.% 

mg.% 

% 

mg. 7c 

nig.7o 

% 

mg.% 

mg.% 

% 

237 

58 

25 

242 

55 

23 

228 

59 

26 




224 

50 

22 

215 

55 

26 

350 

66 

19 

2SS 

62 

21.0 

253 

67 

26.5 

302 

77 

25.5 

308 

64 

21 

310 

69 

oo 

273 

04 

23 

257 

64 

25 

256 

66 

26 




2.54 

58 

23 

259 

61 

23.5 



In the diy extraction of Drekter, Bernhard, and Leopold, 
were added to fat-free filter paper, which was then dried at 


room 
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The cliolesterol was extracted by the vapors and condensate of a 3 i:)er cent 
pjTidiiie solution in 95 per cent alcohol. The apparatus used was a siuiplified 
Soxhlct extraction apparatus. A larjje test tube, with a constriction that sup- 
ported the filter paper curled into a tijrlitly-packed ball, was loosely stoppered 
mtli a mushroom water condenser. About 8 o.c. of the solvent were added, the 
mushroom condenser was set in place, and the tube was placed in a boiling water 
bath for one hour. At tlic end of this time tlio water in the condenser was 
turned off, and the solvent was permitted to evaporate slowly. The last drop 
of solvent was removed under vacuum. The residue was dissolved in benzene, 
and the determination continued as described for the other extraction methods. 

The results of Table IV and of other unpublished work indicate that occa- 
sionally my method of extraction gives higher values for total cholesterol, but 
(he ratio of free cholesterol to total cholesterol is aliout tlie same. These lower 
values may be due to the fact that the other extraction methods arc not as com- 
plete as the one described. The somewhat low free cholesterol percentages ob- 
served maj' be due to the action of cholesterol esterase on the pooled scrum 
whicli had been standing for some time. 

SUMMARY 

Simple and accurate methods for the delermmation of free cholesterol and 
total cholesterol in blood scrum have been described. 

Iain Indobted to Dr. .Vlburt E. Sobcl for his invaluable assistince m the iiiesentation of 

this Investigation. 
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URINE BROMIDES" 


A New Qualitative Test 


Douglas McG. Kelley, M.D., New York, N. Y. 


T he fact that bromides may cause intoxications with psychotic syin])!^!^ 
has been known for many years, but not until the methods of deteriiiiiiatioii 
of blood bromide by Ulrich in 1910, Walters in 1912, Haiiptman in 1925, and 
Wuth in 1927, did clinicians realize the importance of this type of mental al)- 
beration. Following these investigators, numerous other workers liave attacked 
the problem of bromide intoxications, and while most complete clinical studies 
have been carried out, it is still the consensus of opinion'"^ that a definite diag- 
nosis of bromide intoxication can be made onlj’’ by the identification of bromide 
in the urine or blood. Wile^ further pointed out that the urine in some ease? 
may be free of bromide when the blood bromide is high ; hence the blood should 
always be examined. Such cases are rare, however, and for practical clinical 
purposes, it may usually be assumed that the possibility of a bromide into.\iea- 
tion maj" be eliminated by demonstrating the absence of bromide in the iirmc. 
This is fortunate, for while Hauptman and Wuth both described^ methods foi 
blood bromide determination, the average clinician seldom has the facilities eun 
if he has the time to make these studies. For this reason, a simple metliot o 
qualitatively determining bromide in urine is of considerable practical use, pro 
vided one always remembers that certain eases of kidnej'^ disease, fluid letentioii, 
or chloride deficiencies may show an elevated blood bromide, although but sum 
amounts of bromide are excreted in the urine. 

One of the earliest and most widely used methods of determining um 
bromide was described in 1927 by Wuth® as follows: 

“To 25 c.c. of urine about 1 Gm. of animal charcoal is 
well, allowed to stand a few minutes and then filtered. To e.xact.i j 
filtrate measured into a test tube, 1 c.c. of 20 per cent tiichloiaee 
and 1 c.c. of 0.5 per cent gold chloride solution is added; a io"U 
indicates the presence of bromides.” 

but the reagents used are .-'d uiu 


This method is accurate and fairlj”^ easy, 


VC. 


.Medical 


found in the average laboratory and, moreover, are very expensiu 

In the same volume of the Journal of the American Medica [jjative 
is also found an article bi' Belote,® wlierein he describes a simp e l 
test for urinary bromides. . j 

‘Small strips of filter paper are soaked in a jy diy aii'i 


tluorescein in 60 per cent acetic acid. These are 


•From the Department ot Psychiatry of the New Yolk State 
Hospital, New York. 
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may be kept indefinitely as indicators of the test. The suspected body 
fluid is placed in a test tube. To this are added a few crystals of potassium 
permanganate. After agitation, a few drops of eoneentrated sulphuric acid 
are added and the tinoreseein pajier is held, after moistening with two per 
cent acetic acid, at tiie mouth of the test tube. The presence of even minute 
amounts of bromine is at once indicated by a rapid change in color from 
the original yellow to a bright pink on the paper.” 

This method, while ea.sy and rapid, is somewhat too sensitive, as it will show 
bromides in a concentration of 1 :40,000, and is, therefore, not practical for clin- 
ical determinations in suspected eases of bromide intoxication. 

Perhaps the simplest melhod has been described by Todd and Sanford' as 
follows : 


“Bromides can be detected by acidifying about 10 e.c. of the urine with 
dilute sulphuric acid, adding a few drojjs of fuming nitric acid and a few 
c.e. of chloroform and shaking. In the presence of liromine, the chloroform, 
which settles to the bottom, as.sumes a yellow color.” 

This test is especially useful heeau.se of the universal availability of the 
reagents required, and Ijecauso it is so easy to ])erform. Unfortunately, Iiow- 
cver, it is not accurate except with rather large concentrations of bromide. 
As it is described it is of little practical use for clinical purposes, 

The need for a simple, easily performed test, however, was met by my 
awdification of this method as follows : 


To 10 e.e. of urine add 0.1 c.e. dilute sulfurre acid, 2 e.e. of fuming nitric 
acid, and 5 e.e. of chloroform. Shake the mixture fhorouglily. Thus far 
this is essentially tlie foregoing mctliod. At this point, if tlicre is a relatively 
high bromide concentration — over 250 to 300 mg. per linndred cubic centi- 
meters — the chloroform settling to the bottom will give a yellow to orange 
red color, because the bromide is oxidized bj' the acids to form free bromine 
whicli is then taken up by tlie chloroform. If iodides are present, they 
impart to the chloroform a punde to violet red Ime. It was found, liowever, 
that if after thoroughly agitating tlie mixture described. 1 c.e. of chlorox 
(5.25 per cent sodium iiypoehlorite) was added, amounts of bromine as 
small as 75 mg. per liundred cubic ecntimetoi-s could accurately be detected. 
Sucli minute amounts give tlie chloroform a greenish-yellow tinge. Chlorox 
alone when mixed with the aforementioned acids and eiiloroform in plain 
water, or urine in tiie absence of bromide, colors tlie chloroform a faint 
green; this color can he easily distinguished from tlie green yellow color 
produced by bromide concentrations of 50 mg. to 75 mg. per hundred cubic 
centimeters or higlier. In order to determine the coloring formed by tlie 
chlorox alone, it is probably best to set up a trial run of the various reagents 
m bromide-free urine or water, so that the observer will become familiar 
with the sliades of color produced. Larger amounts of bromide in tlie 
Brine produce a change in colors from green yellow to yellow to yellow 
orange to orange to orange red to red. 

Tlie rationale of tliis procedure is easy to understand if one recalls tliat 
cc chlorine, as is present in the nascent state in elilorox, owing to its higher 
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position in the atomic table, will replace bromide, in turn liberating free Ijroraine. 
The chlorox, therefore, promotes a more complete liberation of all tlie bromine, 
which in turn is taken up by the chloroform. A much greater amount of the 
available bromine is set free, and the test is accurate for concentrations as low 
as 50 mg. to 75 mg. bromide per hundred cubic centimeters of fluid. This 
method is somewhat similar to the one described in the early German literature 
by Neuberg,® who employed either nitrous acid or chlorine water but never 
combined the twm reagents. He warned against this method since it was diflieuit 
to detect the bromine unless large amounts were present. However, this objec- 
tion has been overcome in the present modification of the test, and the te^t is 
now sufficiently sensitive for clinical qualitative estimates. Quantitative 
estimates can even be made fairly accurately by the evaluation of the various 
color changes. Quantitative urine bromide determinations are, however, of al- 
most no clinical value because of the marked individual variability in bromiile 
elimination, depending upon the chloride balance of the body fluids, kidne.v 
elimination, water balance, and other changeable factors. Qualitative findings 
are sufficient, and if 50 to 100 mg. of bromide per hundred cubic ceutiinetei's of 
urine are found (green j’-ellow to yellow color), accurate quantitative blood 
estimates are imperative. 

The presence of iodides is indicated by a purple or red violet color of the 
chloroform following the agitation of the mixture previous to the addition oi 
the chlorox. Because chlorox bleaches out this color, it is important to shake 
thoroughly the mixture of urine, sulfuric acid, nitric acid, and chloiofoim. 
and then permit it to stand for a few seconds to observe any coloring of t ic 
chloroform before the chlorox is added. 

This test is especially simple, requiring but a minute for a com))lcU 
determination. All the reagents, dilute sulfuric acid, concentrated nitiic ad , 
chloroform, and chlorox are usually available in even the smallest 
Furthermore, a test tube and a measuring graduate or pipette me t le *'! . 
pieces of apparatus required. 

SUJI3IAKY 

An attempt to review some of the more usual clinical inethod.s 
qualitative demonstration of bromide in the urine has been niade, aiu 
modification of the Todd and Sanford method has been described. 
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BONE MARROW BIOPSIES, Cliuico-Hematologic Evaluation of, Morrison, M., and Sam- 

wick, A. A. Am. J, :M. Sc. 198: 75S, 1!>39. 

A study was made of 27o patients with sternal bone marrow aspiration. 

Bone marrow ratios were utilized in evaluating; (a) leucogeucsis; (b) erythrogenesisj 
(c) erytlvrogeuic maturativc defect; (d) infiltration of bone marrow by lymphocytic, 
plasma, reticulum, and malignant cells. 

Bone marrow aspirations proved valuable in the diagnosis of gastric dysfunction and 
gastrointestinal, liver, and renal disease. 

This study revealed a close relationship between the erythrocytic maturatxvo defect 
and color index. 

Criteria for the diagnosis of blood dyscrasias, including pernicious anemia, Hodgkin’s 
disease, leucemia, agranulocj’tosis, infectious mononucleosis, polycythemia vera, infections, 
and malignancies are suggested. 

TUBERCTTLIN test, Its Value and Limitations, Long, E. R. Am. Rev. Tubcrc. 10; 007, 

1930. 

Recently reported cxpcricuce has prompted much discussion of the tuberculin teat, 
and made desirable a revaluation of the test with indication of its limitations. 

The conditions of Immau observation make the deternnnation of tlie specificity and 
adet^uacy of the tuberculin test more difiicult in man than in animals. The experienco of 
B.C.G. vaccination, however, has shown that in the overwhelming majority of human beings, 
artificial infection brings about tuberculin sensitivity, just as it does in laboratory guinea 
pigs. Sanatorium and liospitul experience also indicates that a still more overwhelming 
“ajority of patients obviously suffering from pulmonary tuberculosis react positively to 
tuberculin. 

Occasionally persona are encountered, however, iii whom evidence of tuberculosis 
exists, but the tuberculin reaction is ncgatiie. At picsent theie are only lough indications 
of how frequently tliis occurs. The fciv surveys made in which botli tuberculin testing 
and x-ray e.\amination have been carried out suggest that in ordinary practice the intra- 
cataneous test with reliable samples of old tuberculin or purified protein derivative tuber- 
culin will detect 90 to 95 per cent of cases of tuberculosis. 

The loss of 5 to 10 per cent of persons is attributable in largo part to the variable 
conditions of tuberculin allergy. In any largo survey, particularly of children, a few 
persons are likely to bo found in whom infection has occurred, but the reaction has not 
yet become positive. Subsequent films in such cases may show lesions. Subsequent retest 
"itli tuberculin yields a positive result, but often the retest is not made. 

A more important reason for the failure of the tuberculin test to detect all tuber- 
culosis is the waning and disappearance of allergy that occur with liealing. In this country 
dropping tuberculosis morbidity and increasing isolation of patients with open tuber- 
culosis, this IS probably a phenomenon of increasing tendency. It is apparently true that 
l^ulesa allergy is stimulated from time to time by reinfection, in cases of progressive heal- 

of an existing infection, the intensity of response xvill dimmish. 

S^TANILAMIDE, Anemia Induced in Rats by. Macbella, T. E., and Higgins, G. M. 

Am. J. sx. Sc. 198: S04, 1939. 

Anemia can be induced in rats by the administration of sulfanilamide. 

The degree of anemia depends on the dose used and the duration of administration. 

1QQ5 
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The anemia is accompanied by evidences of stimulation of bone marrow tliat is 
reticulocytosis, macrocytosis, anisocytosis, and lencoeytosis. ‘ 

No change in level of platelets has been detected. 

Complete recovery from the anemia is possible following cessation of administration 
of the drug. 

A second course of sulfanilamide will reproduce the anemia. 

The drug is capable of producing toxic s^'mptoms in rats, the symptoms depending oa 
the dose employed. Symptoms include cyanosis, loss of weiglit, thirst, gastric di.stention, 
drowsiness, irritability, and convulsions. 

The anemia, when induced bj’’ moderately toxic doses, is associated with a signilicant 
hepatomegaly and splenomegaly. 


TUBEECULOSIS, Sulfanilamide in, Corper, H. J., Cohn, M. L., and Bower, C. Am. Kcv. 

Tuberc. 40: 452, 1939. 

Large administrations of sulfanilamide over long periods of time, parenterally as m’ll 
as enterally, begun before or coincident with infection of guinea pigs with virulent human 
tubercle bacilli, have an. apparent, though not real, effect upon the organic tuberculous in- 
volvement of these animals which is most strikingly' evident in the spleen. These findings 
explain the earlier, cautiously presented studies on enteral treatment by Rich and lollb, 
and subsequently by Greey and colleagues, which could not be verified by parenteral sulfa- 
nilamide treatment studies. 

The apparent effect noted upon the tuberculosis in the guinea pig is explained as aa 
organic toxic effect of the sulfanilamide, since it can also be noted when heat-killed ani 
avirulent human tubercle bacilli are given intravenously in large amounts to animals nine 
are treated as compared with untreated controls. 

Even in large doses, sulfanilamide has no appreciable effect upon the spread of tabet^ 
culosis in guinea pigs infected by various routes and in various ways with virulent luman 
tubercle bacilli; such effect as is seen can be entirely explained on the basis of tie tone 
effect of the sulfanilamide and not upon a retardation of the tuberculosis. 

In elaboration of the view expressed by Shecket and Price (1939) that 
sulfanilamide in conditions in which its value is not established should be 
cases under institutional direction” and that the drug should not be used for long . 
administration, the authors add that misinterpretation of the effect in 
especially should be avoided by carefully controlled experimental studies consu t o 
organic toxic action of the drug before application to human treatment. 


BEEN SHOCK, Study of, Trusler, H. M., Egbert, H. L., and Williams, H. S. X 
113: 2207, 1939. 

The tannic acid theory of the treatment of burns is fallacious, fhere is 
nlication that can be expected to save life after a large burn. 

^ . 1 ♦ 1 T'liprP JirC pn«i- • 

The first cause of death due to the extensive burn is shock. i 

the burn shock reaction. . j Piu uf 

(a) The traumatic phase: Circulatory shock duo to vascular j' Very 

blood plasma, which escapes into the tissue through capillaries inyurti 

large burns may be rapidly fatal by this mechanism. ^ Pu;,] j, sc- 

(b) The inflammatory phase: A complex syrndrome in which tit ^ accomii-* 

companied by the other morbid processes of diffuse thermal inflainm.i 

for the toxic manifestations. ^ niiinuer in 

The blood chemical changes of the shock state depend large ' buriit'd 

fluids are administered. The indiscriminate forcing of simple jdatioiii of !'■ 

is futile and may lead to profound disturbances in the pliy “ie-"* 


The persistent forcing of water by mouth under tlie.se coiiditi 
water intoxication. 


imiv .1 
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The successful treatment of burn shock culls for :i complex theuipeutic regimen. 
Blood transfusions should bo given early and repented frequently throughout the self- 
limited period of the reaction. Other fluids should be given in moderate quantities. Largo 
amounts of dextrose are indicated. 

HEMOCONCENTRATION, Occurrence and Clinical Significance of, Moon, V. H. Ann. 

Int. ifed. 13: 451, 1930. 

Reported observations on heinoconcentratioo indicate tliat this phenomenon occurs 
rather frequently in grave conditions of disease quite diverse in origin. Undoubtedly this 
survc}’ is far from complete, but the number of instances found is sufficiently large and 
diversi/Ied to justify a sumiunry of the author ’s ohservatiaiis and interpretations. 

It appears that liemoconccntration is regularly associated with a typo of circulatory 
deficiency in which loss of plasmii volume is the essential feature. 

The loss of fluid ma}’ result either from endothelial damage which allows for leakage 
of plasma into tlie tissue spaces, or from dehydration incident to vomiting, diarrhea, and 
perspiration. This loss may be compensated in part by absorption of fluid from the tissues 
and in part by constriction of the vascular wall.s, especially tlie heart, arteries, and spleen 
and, to a lesser degree, by constriction of tlie veins and capillaries. 

So long as the mechanism of compensation is ctTective, no marked deficiency is evi- 
dent. When compensation becomes inadequate, the blood pressure declines progressively, 
anoxia develops, and the syndrome of shock is manifestod. 

So long as the vascular endothelium is able to perform its part in the maintenance 
of fluid balance, there is dehydration of the tissues but not of tlio blood. In advanced 
stages of shock the vascular system is able neither to absorb nor to retain fluid. It appears 
that the critical point in this mechanism i.s the physiologic state of the vascular endothelium. 

This type of circulatory deficiency may develop whenever and liowever the capillaries 
Ja an extensive visceral area arc rendered atonic. 

A rising curve of concentration is as ominous as a falling curve of arterial pressure. 
But the former occurs early and indicates the developmental stage of circulatory deficiency 
^hile the latter indicates the failure of compensation and the imminence of death. 

Circulatory failure in its incipient stage may bo recognized by the presence of hemo- 
coocentration. Tins feature is of inestimable practical value, for treatment must be ap- 
plied early to bo effective. 


BLOOD, Preservation of Stored, With Sulfanilamide, Novak, M. J. A. M. A. 113: 2227, 
1939. 

Contamination of stored blood with bacteria has not been considered seriously enough 
the past. 

I'lany unexplained transfusion reactions may be due to pyrogens or other bacterial by- 
P^'otlucts in contaminated blood. 

Complete bacteriostasis of the usual bacterial contaminants in stored blood is made 
possible by the addition of 20 mg. per hundred cubic centimeters of sulfanilamide. Such 
lood will not only not support bacterial growth for ten to fifteen days but may actually 
^^ome sterile in that lime. 

Sulfanilamide may prove valuable as a preservative in other biologic substances. 


^OOD Bank, Plasma Prothrombin Content of, IiOi^, J. W., and Pastore, J. B. J. A, if. 
A. 113: 2231, 1939. 

Oa the basis of the method of Warner, Brinkhous, and Smith, bank blood is an ade- 
source of plasma prothrombin for about nine days. At longer intervals of storage 
® plasma prothrombin declines gradually, reaching the level of 61 per cent of normal 
y the end of the third week of storage. 

^^^®fully controlled refrigeration of bank blood is an important factor in the preser- 
of plasma prothrombin. 
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botulism, Demonstration of Toxin in 

J- A. JL A. 113: 2299, 1939. Tissues, Schneider, H. J., and rui-,5. 

- •"» .,„Z 



peeted cases of botulism. -dicuted in al! .a. 

The procedures used follow; 

twenty hours aft^r nL^p^ anf StJntf 

and extracted with 50 cl ^nf n1 *»P‘er death, oO Gni. of liver «aa triliintei 

was injected inTraperUoil^v" ^ 

mixed antitoxin (A and B> ^ Afte P^tected nilh 0.5 c.c. of 

experimental botulism and died for'tv Zf lT, Sm>wa pi- devciop-i 

appeared normal at this Hrno I “ hours after mjection. The protected guinea pi,; 

of any signs of botSL Cra^l f'f 

days later, gave conflipri u extract, when injected into mice several ' 

Til , 1, i results, the evidence being suggestive but not conclusive. 

tration was tested at the time of admission to the hospital prior to antito.via aJiiiioh- ' 

5 of which had hep botulimis to.xin in the following manner: Ten niM, ' 

B) were inieetoit ^ prs'"i0u.sly injected (fifteen minutes) with botulinns antitoxin (A anl 
thirty sit Zt ^“'^^P®''^‘oneally with 0.5 c.c. of the eitrated blood. .At the end ct : 

e.xnerimentol het unprotected mouse died and the remaining 4 shoived syiaptoai ol 
a'al muscles hreatliing, muscular spasms, especially of the ahhEV . 

fortv-eisrht I ^ of the hind limbs and prostration. Three mice died « ' 

without symitoms sixty hours after injection. All the protected mice survire! i ' 

1 ' 

BLOOD^UEEA, Experimental Variation of, Drevermann, E. B. AT. J. Australian: lir, : ' 

tetee o urea at any particular time is dependent on the previous diet, the ; •„ 

1 n le condition of work or rest under which the blood is taken. , 

Hie hlood urea following a gastrointestinal Iiemorrhage results in part fri'- . -i 

• j , ^ ° urea from blood jjroteins which are digested in tlio iiitc.stine. TIic d'a-'“ ; . 

excretion of urea from compensatory retention of fluid also contributes to tid^vfv a 


hepatitis. Toxic, Kirshbaum, J. D., and Popper, H. Arcli. Int. Afed. 65: Ifid. r.Of. : 

Fifteen cases of acute hepatitis are described. The fulminating fatal form aipa- 

to be an intermediary stage between catarrhal jaundice and acute yellow atropln' of r- 

liver. The liver in each case was enlarged and characterized morphologically ihicuiv ..' 

amage to the epithelial cells and serous hepatitis, with di.ssoeialion of the li'cr c 
The clinical diagnosis wan usually considered as primary hepatitis. , \ ■- 

The dissociation of the cords of liver cells may be the result of .severe serou.'! ini-*'' '• j 

consequent to damage of the blood capillaries of the liver. _ 

Icterus in parenchymatous jaundice is due to the combination of hocalizt'i ^ 
of the liver cell.s, or destruction of the cords, and general impairment of (be lu.ai . , 

the liver cells (serous hepatitis). .. 

Tile enlargement of the liver in the authors’ ca.NCs and in ease.s of eat.irrb.il 1 
is due to toxic edema. 
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LIVEB, Colloidal Gold Reaction of Blood Serum in Diseases of the, Gray, S. J. Arch. 
Int. Jfed. 65: o2i, 1940. 


The colloidal gold reaction of the blood scrum was studied in a series of 96 cases 
of hepatic disease, grouped as follows; 46 cases of cirrhosis, 14 cases of acute parenchy- 
matous disease, 25 cases of neoplastic involvement, and 11 cases of miscellaneous hepatic 
disease. The diagnoses wore confirmed by autopsy, biopsy, or laparotomy in 34 cases; 11 in 
the first group, 2 in the second, 13 in the third, and 8 in the fourth. The reaction was 
positi\e in each of 46 eases of cirrhosis, in 13 of 14 cases of acute parenchymatous in- 
Tolvement, in 19 of 25 cases of ncopla.'im, and in each of 11 cases of miscellaneous hepatic 
disease. Iii the entire series, tlio reaction wa^ positive in SO of the 96 cases, or in 92.7 
per cent. 

In several instances the colloidal gold reaction detected liver disease later confirmed 
by operation or autop.sy, vvhich hud not been detected l>v the u&ual clinical and chemical 
tests. 


The colloidal gold reaction was negative with .‘sera from 20 normal adults and in 
'3 of /5 persons with various cxtrahepatic di^case^; nninial livers were found in 22 of 
these persons at autop.sy, biopsy, or l.apnrotoniv. 

Positive reaction.s were obtained in 8 of 20 ea.ses of '•yphilis. In one of the S there was 
a history of hepatitis, but in the others there was no demonstrable hepatic disease. The 
possibility of latent damage to the liver following ar.'senical therapy and the question of 
false positive reactions in syphilis are di.'^cii^.'sed. It is pointed out that the colloidal gold 
reaction, of the spinal fluid and that of the blood .serum may bo the same or may differ 
greatly, depending on the effects of disease proce-'ses on the peimeability of the blood- 
brain barrier. 

The Takata-Ara reaction was positive in onlv 34 of 5S cases of hepatic disease 
(o .0 per cent); it was thus considerably lo.ss senvitive tlian the colloidal gold reaction. 

The total plasma cholesterol was normal in 38 of the 77 cases of hepatic disease 

studied. 


However, decreased values for pla.sina cholesterol esters were frequently associated 
With extensive paienehynial damage and were prc.sent in 47 of 71 cases of hepatic dis- 
ease (66.2 per cent). Tlio dccrea.^o paralleled the severity of the hepatic injury and was of 
prognostic significance; 6 patients whose choIc‘itcrol esters were too low to determine died 
within two months. 

Changes in the chole.sterol-cliolcsterol ester ratio paralleled tlie shifts in tlio plasma 
proteins in all types of liver di.seasc except the acute parenchymatous diseases, in which 
ered cholesterol esters were more frequent than altered plasma protein values. 

. ^sriations in the plasma proteins were ficquent in hepatic disease; globulin was 
increased in 43 cases, and albumin was decreased in 45 of the 75 cases studied. The in- 
crease in globulin was usually greater than the decrease in albumin, so that the total 
proteins were normal in 60 of the 75 case.s. 

The most marked albumin-globulin sliift.s occurred in cirrhosi.s of the liver and were 
associated with advanced hepatic de.struction; the least marked variations were found in 
nento paiencliymatoua hepatic di.scases. The changes in concentration of tlio plasma 
proteins were related more closely to the severity and duration of the hepatic disease than 
® Ibe state of nutrition or to the los.s of protein associated w'itli ascite.s. 

The colloidal gold reaction does not depend primarily on a quantitative increase of 
in *> ^ inverted albumin-globulin ratio. Positive reactions were obtained 

cases of hepatic disease with normal plasnua globulin values and in 21 cases with 
dermal albumin-globulin ratio.s. The mechanism of the reaction is unknown. It is sug- 
gested that it may depend on a qualitative rather than on a quantitative variation in the 
globulin, and that the euglolmlin in.ay be .an important factor in the reaction. 


REVIEWS 


Books and Monographs for Beview should be sent direct to the Editor, 
Dr. "Warren T. Vaughan, Professional Building, Bichmond, Va. 


Physiological Basis of Medical Practice"^ 


I N THEIB preface the authors remark that, although physiologj' is a science in its oira 
right and the laboratory worker who pursues his researches quite detached from mciiital 
problems need offer no apology for his academic outlook, the teacher of phy.sio)ogy ihca!!, 
nevertheless, emphasize those aspects of the subject which' will throw light on dijOnltti 
of function. Their textbook, therefore, becomes a volume on applied physiology rathe: 
than pure physiology'. Obviously, this is a very praiseworthy approach as long as tiie funda- 
mental knowledge of pure or normal physiology is adequately covered at the same tune. 

As one looks over the first few chapters on blood and lymph, with their dbcu.-.-ica 
of blood chemistry', erythropoietic diseases, hemocytometry, edema, transfusion, Uwi 
grouping, hemoly'sis, the chemistry' of hemoglobin, and the classification of the anemia.-, Oi-v 
wonders whether this will turn out to be a volume on phy'siology, biochemistry, ciinka 
pathology, or diagnosis. As soon as one reaches the sections on circulation and rt.-pira 
tion, one realizes how adequately' the field of phy'siology is covered and u elcomes the con 
tinued interjection of remarks on the application of physiology to the study or tnatmcu 
of specific disturbances thereof. . . 

A volume wliioh lias gone through five printings and now appears as a new ® 
in its sixth printing since 1937 must already have established its own popularity- ' 
this is undoubtedly due in large measure to its popularity as an 
fact that through its pages one may find information which can be appVie m e 
and intelligent treatment of disease, makes it equally valuable as a reference \ou 


the practicing phy'sician. 

In this second edition a new section. The Physiology of the Specia ' disc., 
added. 


has Icc-n 


1 


Lee on the Levee t 

N THIS era of science and acute technocracy, only too often is tlie mac i" ’ 

■ the expense of tlie man. It was not that Stradivari had better too 
was in the man. All who are professionally interested in the should 

universally' done in medicine today -with the superb equipment of d'-’ 

note that Dr. IVilliam Beaumont did his classic experiments on ^ 

■wounded Alexis St. Martin “with no more equipment than a t lermo 

mouth vials, and a sand bath.” . , »,.ident at 

A graphic dramatization of the Alexis St. Martin shooting a j'ncluded la 

Island in 1822, and a most sympathetic characterization of Dr. ,li 3 t e-ri-a ’ 

the new historical novel Zee on the Levee. The story' co\ ers t ® ^ nvo foi'" 

between Dr. Beaumont and Eobert E. Lee, resulting from the re.a ea^ .^^..jterfrout ia l-‘‘' 
ilies together in the Governor "William Clark mansion on the 't. 
while Lieutenant Lee was doing his invaluable engineering «or on 
story is in effect an opportunity to visit rvith Lee and J future 

going about their daily tasks and talking about their past achiciements 

and ambitions. 

, --...-■n.-.-ity of Toront" 

•Tlie Physiological Basis of :Meaical . p.B..?., ““•J'.'p 

Plivsiology, By Ciiarles Herbert Best. II.A . . . falin.). 

and Nlirman Burke Taylor. M.B., P.K.S. , Unlver.iity ut T«ron 

MRCS (England). L.R-C.P. (London). Prolessu* o. Baltlmoo. -'I 

eA flS72 paV'. t^T illustrations. -510 00. ^ eu. 32 . 50 . The Saravi-- 
tLee on the Levee. By Ralph Cannon. Cloth, ISS 1 b 
Xeiv York, N. Y. 
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Tlie novel is outhcntlcolly Iraseil on a l)ackct of unpulilishecl letters from the Lees 
to the Beaumonts over a period of lifteen years following their year of rCMtlence under 
the same roof. Tlicse letters were recently discovered by Dr. Arno B. Luchliardt, of i 
University of Chicago, who obtained them from the Beaumont heirs for a museum displa}. 


Demonstration of Physical Signs in Clinical Surgery ■ 

TPHE importance of such a book as this is succinctly stated in inference in tlie following 
i quotation by Lockwood: “If it is a question ef doubt in diagnosis, you may often obsene 
that one man solves the doubt when the others could not, and the way lu which one man 
happened to solve it is this: ho applied to the diagno-sis of the case some method o 

amination which the others had not applied/* rvf 

While the many procedures and devices new applicable to the s udy and diagnosis of 
disease have much to commend them in the last aual.vsis, they should never be a owed to 
t.lke the place of a thorough examination of the patient. Thus is the text an P ^ 

Dr. Bailey's book-to emphasise this necessity and to demonstrate by a clear ly written 
text and numerous well-chosen and excellently reproduced illustrations how t» 
elrate the phy.,ical signs of disease. That he has achieved his purpose is evidenced by 

fact that the book is now in its seventh edition. , . . t* • «« 

This book should he owned, read, and reread by every physician. It is well worth 

many times its cost. 


Experimental Pharmacology and Materia Medicat 
A COMPHEHBNSIVE students' laboratory manual iu expcnmental pharmacologj, most 
^ abundantly illustrated and with fifty-live exceptionalh Sood color plates. 
plates illustrating the various plants from which drugs arc derived are the kind 

tvork and laboratory photography. ects as posology, 

writing will be of use to graduate physicians. It inciud . .-ritinrr solubilities 

incompatibilities, Latin pronunciation, Latin in-^criptious, prescrip i . commercial 

of common substances, Latin-English and English-Latin vocabularies, and a list ef 
houses from whom various supplies and equipment maj be procure 


Standard MethodsJ 

immediately upon its appearance the first edition of this 

i reference text par excellence for the laboratory and ^ j,,,, smaller 

PensaUe for the public health laboratory, it is also of great value an y 

The present edition embodies some changes in techuiquc ’ jiighly 

lere, may be regarded as comprehensive and authoritative. us 
recommended without qualilieatioii as a sine qua non for the a ora o } 

‘Demonstration of Physical Signs in plini^I ^nd^UrolS^st.^ Ess^x County 

Surgeon, Royal Northern Hospital, • on ciockton Hospital and the County 

Hn* ?t i Surgeon, Italian Hospital: Consulting • jSfty of BnstoU Cloth, cd. i. 310 

Chatham: External Examiner r. wilkins Co. Baltimore. Md. 

377 illustrations, many m color. $6.50. W.marns & W Ikms c . ^ ^ ^ _ 

PTo' Materia Medica and Therapeutics in 

£!■?;■ 5or of P>‘arm^olo«. MAtena M Pharmacology. 

wLV' of Medicine; ^ 906 pages, with 892 illustrations, 

it... \\"Ston University Medical School. SL Louis C^t . mq 1939. 

‘"'Jading 55 color plates. The C. V. Mosby Company. ^ York State 

Methods of the Division of cSth. ed. 2. 681 pages. 20 figures, 

department of Health. By Augustus B. Wadswoi^ M.U. 

3 Plates, $7.50, ■Williams & Wilkins Co.. Baltimore. Md. 
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Whitla’s Dictionary of Treatment* 

C IB WILLIAM lYHITLA, renowned ns a i>hysician and teacher throughout the .-wnthi: 

world as well as in his native Britain, practiced in Belfast between the years ISiT aui 
1920. He died in 1933. 

Of the three medical books that he wrote, the Dictionary of Treatment is outdarnliE;’, 
and throughout seven previous editions it has maintained individual recognition amoa„' 
the most modern and authoritative references for the general practitioner. 

The eighth edition, following the author’s death, was written, like it.s preiiocc.-jun, 
by members of the Belfast School. Acknowledgment is given for the .lid of Dr. II. 
Gardiner-Hill and Mr. B. W. 'Williams, phj'sician and surgeon, respectively, to Ht. Thoiuas'i 
Hospital, London. 

The eighth edition contains over 1,200 pages of text. It treats .surgical ami mtl 
ioal conditions from the point of view of the general practitioner. The .subject raailer 
is conveniently arranged throughout in alphabetical order, and each topic is introJuciJ 
with a subjective and objective symptom and sign description. General and .specific IroaP 
ment is given, with opinions from the better recognized schools of thought. Specife 
medication and prescriptions are abundant. 

This is indeed an excellent book for brief, comprehensive, and sati.sfactory releteMf. 


Argyriat j 

OlLVJiB has been in use in medicine since the eighth century and argyria is a coinlhw.. f 

long known; it is also one concerning the mechanism of which there is tStcat ue j 

certainty and of which there has been hitherto to this reviewer's knowledge no i.}.itciiialic 
study or review. . . ? 

In this book all that is known of argyria has been comprehensively rericiud. ,j 
agnosis, treatment, prophylaxis ai'e all discussed, as well as argyria as an indu.itria 
An extensive bibliography and list of proprietary' silver compounds, together nit ' 
and general indices, is appended. . 

In view of the increasing use of therapeutic silver compounds vith tit j j, 
possibility that argyria may increase as a result, this is a valuable, iutcristiii„, | 

structive contribution to the subject. • 


Disorders of the Bloodf 


' I 'HE literally enormous literatux'e concerned with hematology is 

tlie fact tliat there is no condition which may not be reflected by some c m/ o ' 


picture, and emphasizes the importance of blood studies in 


cliiiicul 


Doctors M’hitby and Britton present in this book a compreheiisi'e 


of 

OK a euiiii^'i**- ’ lii;it tlth 

pertinent literature. That they' have done so satisfactorily is .shoua by 
book is now in its third edition. _ . and nc’’ 

The present edition has been thoroughly revised and increased )y 

illustrations. . ^ i., .o in the phy-'kF'^ ' 

As before, this is a thoroughly' practical text, well deserving a P •- 

reference library. j;; 

. If I ** J **, 

•tVhitla’s Dictionary of Treatment incUuliHB AleJical and j.. jjC.ii.h Clodv 

R. S. .Ulison. JI.D., M.K.C.P. (London) ; and C. A. Calvert, •• 

1.285 pages, $9.00. William Wood & Co., Baltimore, Md. Instnictor 

4- A iTr^*T'5n Tho ■phnrnuip.nloirv'^ nf Silvur. By nsii’ i 


tArg^’ria. The Pharniacoloffj^ of Silver. By M* Pilhbury. 

tolosj' and Syphilology, University of Pennsylvania ; and syjvanfn. 

Professor of Derniatoiogj- and Syphilolog)', Umversitj of Icnnsj. ^ 

$2.50. Williams & Wilkins Co., Baltimore. Aid. TecliniOU'’- By ' 

iDisonlers of the Blood. Diagnosis. Patliology. p'h Rland-Siitten 

tWiitby. M.D., F.R.C.P., D.P.H. : and C. J. Britton. .\I.D.. 12 

Pathology, London. Washable fabric, ed. 3. 6^ pages. 61 
$7.50. P. Blakiston’a Son & Co., Philadelphia. Pa. 
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CLINICAL AND EXPERIMENTAL 


THE EFFECTS OF CIGAHETTE SMOKING ON JIETABOLIC RATE, 
HEART RATE, OXYGEN PULSE, AND BREATHING RATE 


W. A. Hiestand, Ph.D., Helen' J. Ramsey, M.S., and 
Doris 51. Hale, M.S., Lafayette, Ind. 


^UR investigation was originally nndertaUou as a stndy of the immediate 

effects of smoking on metabolic rate and iieart rate. Tliirty-nine persons 
were used, 18 men and 21 women. They were grouped as (1) heavy smokers, 
(2) light smokers, and (3) abstainers. In this series no attempt was made to 
insure basal metabolic conditions, although no determinations were made di- 
rectly after meals, 

A second series of observations was carried out to determine tlie effects over 
a longer period of time. Twenty 2Jer.sons were studied, ail in a basal metabolic 
state. After a preliminary determination of basal metabolic rate, heart rate, 
breathing rate, and oxygen pulse, the person was asked to smoko a cigarette, 
expending no more effort than was necessary. A second determination of 
metabolic rate was made immediately following this, and three more determina- 
tions at fifteen-minute intervals thereafter. In all experiments, distinhances, 
such as bright light, noises, temperature fluctuations, etc., were avoided. Sub- 
jective changes reported by the person were noted, as well as the manner of 
smoking, i.e,, whether or not smoke was inhaled. 

The apparatus used was a late model McKesson iletabolor. Face masks 
used rather than tlie rubber bit and nose clamp in order to afford tlie 
person greater comfort and to facilitate normal breathing. 

RESULTS 

The data obtained in these experiments arc shown in the accompunj ing 
tables and figures. The persons used in determining immediate effects of smok- 

(T able I, A) represent an average group of individuals, including heavy 

Received for publication, September 7, 1939. 
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smokers, light smokers, and abstainers. Determinations of metabolic rate wire 
not made under basal (postabsorptive) conditions. The 20 persons nscd in 
determining long time effects of smoking were all habitual smokers. Each 
was in a basal condition and none had smoked since the previous clay. 


Table I 


Effect op Smoking One Cigarette 

A, Immediate effects. B, Effects over a 45-minute period. Metabolic rate (calories 
square meter per hour) ; heart rate (beats per minute) ; oxygen pulse (c.c. oxygen j-cr 
minute per heart beats per minute) ; breathing rate (inhalations per minute). 


itETABOLIC 

RATE 


HEART RATE 


OXYGEN 

PULSE 


BirEATHlXG 

HATK 


Bersons (Not Basal) Immediate Effects of Smolcing 


Previous to smoking 

35.1 

67.0 

3.8 

2 

Immediately after smoking 

3S.3 

71.S 

3.7 

12.1 

Percentage ciiange 

S.S 

6.2 

-2.9 

-0.7 


B: 20 Persons (All Basal) All BahiUial SmoTcers 


Previous to smoking 

31.8 

61.6 

3.4 

Immediately after smoking 

36.3 

71.9 

3.3 

Percentage change 

14.3 

16.7 

-2.1 

15 minutes after smoking 

34.7 

C2.S 

3.5 

Percentage change 

9.3 

1.9 

0.7 

30 minutes after smoking 

34.7 

60.4 

3.6 

Percentage change 

9.2 

-1.9 

8.4 

15 minutes after smoking 

35.7 

60.0 

3.7 

Percentage eliange 

12.4 

-2.6 

11.0 


Table I and Fig. 1 show only the average effects and give no indication m 
the extremes. The greatest inci-ease in metabolic rate in tliis series j'" 
a woman who is a confirmed smoker and inliales the smoke deep } . 
metabolic rate rose 40.7 per cent immediately after smoking. 
added that in one individual in a state of nervous tension and 
stability, a rise of S4 per cent was observed; this person was e.xclu ei 
data as abnormal. Five individuals showed a decrease in metabo ic la 
individual in the second series (basal persons) showed a deeiease, ^ 
metabolism falling 8.5 per cent immediately after smoking, con iniii 
fifteen minutes later, after which it returned to nearly noimal. 


Table TI 

IsijiEDiATE Effects of Sjioking in 39 Persons 




Percentage of total cases showing increase, decrease, and no change 
rate, oxygen pulse, and breathing rate. 


Percentage of persons showing increase 
Percentage of persons showing decrease 
Percentage of persons sliowing no change 



•A greater percentage shows an increase j*’, rallier than th*. 

after smoking. This is due to the more profound drop 

others. ^ ^ ^ 

By the distribution graph (Fig. 2) it can oecuricd. 

her of cases an increase in metabolic rate of from o to P „n-|:ibolif 
average increase was 8.9 per cent. In three eases t le max 












IIIESTAND KT AL. : JIETABOLIC EFFECTS OP CIGAIiETTE SJIOKIXG 


1015 



Pie. I.— Per cent cJi.'ingcs In metabolic rate, heart rate, oxygen pulse, and breathing 
state a- lorty-Ave-nilnute iicriod after .‘uiiokmg. Average for 20 persons In basal metabolic 



CHANGES IN METABOLIC RATE % 


Distribution of ciianges in metabolic rale Immediately following smoking in 39 peisons. 
Ariow indicates the average 


"as readied fifteen minutes after smoking, in three cases at thirty minutes, 
and in four cases at forty-five minutes. Tlie remaining ton cases showed the 
»>a.ximal metabolism immediately after smoking. Jlost of the persons showed 
a aecond sliglit rise at about forty-five miimlcs. In Table II are indicated the 
percentages of total cases that showed an incrca.se, a decrease, or no change 
"' metabolic rate, heart rate, o.xygen pulse, and breathing rate, immediately 
allowing smoking. Typically there occurred simultaneou.sly an increase in 
'nctaholic rate, an increase in heart rate, a decrease in breathing rate, and a 
emporary decrease in o.xygen pulse, followed by a rise back to and above the 
'lormal level. 

A comparison of effects of smoking on men and women was made. The 
■■"crage increase in metabolic rate for IS men was 7.7 per cent; the average 
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increase for 21 ivomen was 9 9 

men was 5.9 per cent while th J fn, 

pel cent, wiiiie that for women eras 6.4 per cent 

to ..ho "" tendency for those who inhaled the most smoV.. 

amotr h?^- i P^iysiologie changes. Profound changes also occuncil 

to the lad ofTe “iTI® <l»w«d.e 

sLhe te^ ,l r '"'f "'ho inlinH Bill. ,» 

smoke tend to shotv only moderate effects. 


DISCUSSION 


Qmof ° many factors contribute to the physiologic cliaiiges due to 

0 ^ ^ individual variation in method of smoking and toleram'e 

01 nico ine, t e state of health and emotional stability of the subject, tlie psydiie 
ae 01 s invo ved in making the determinations, the form of tobacco vised, and 

ttie presence of substances other than nicotine in tobacco. 

+h seiies of experiments psychic factors were reduced to a minimum, 

oug such factors might well be considered important in individuals smoking 
01 t e first time, or in those individuals "who rarely smoke. In the second 
cioup of experiments in which te.sts were made over a forty-five-miiiute period, 
a persons were accustomed to eigai’ette smoking. No information was given 
the subjects as to the type of effect to be expected. It will be noted from 
Table I that persons in a basal state showed more profound changes than 
did the others. This is in accord with the observations of most smokers that 
smoking produces greater subjective changes before meals than after meals. 
It has been found also (Haggard and Greenberg, 1934) that changes in blood 
sugar and respiratory quotient are greatest in a fasting condition. 

The oxygen pulse almost invariably undergoes a diminution immediatel.v 
after smoking, followed by a rise to a level considerably higher than nonnai, 
indicating an increase in oxygen used per stroke of the heart. The initial 
fall may be attributed to the great increase in heart rate and the resiiltiii? di- 
crease in stroke volume occurring before the force of the beat had improved 
proportionally. 


In persons in a basal condition, the effects of smoking one cigarette penid 
for at least forty-five minutes. The trend of the curves (Fig. 1) indicate^ 
that these effects must continue over a still longer period ; how long h nv- 
shown by the present experiments. 

Effects of cigarette smoking are due almost solely to ab.sorbed iiicotinr. 
although other volatile substances, such as pyridine and collidine, aie 
in tobacco smoke, together with some hydrocyanic acid and carbon monoxi 
(Sollmann). Bodnar, Nagy, and Dickmann (1935) report that C pm 
the nicotine is absorbed by " noninhalers, ” 1.7 per cent of which i.s e.wr.' t*' 

• • ’ - - - ' - - . absorbed by “ml, 

evedoped vdiK-' 


in the urine, and that 93 per cent of the nicotine is 
none of which is excreted in the urine. Thus a tolerance is de.— ^ , 

might well account for the great effects .sometimes apparent in 
smokers. It has been demonstrated by many that nicotine j . 

doses stimulates adrenalin secretion and hyperglycemia. Ihik i;. 

Forbes (1934) found that in 90 per cent of the 60 j.,.,;!:,; 

ten subjects, the blood sugar level varied within only 5 per cent ot 
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level without significant treiul nj) or tlown. Tliey found also that blood 
lactic acid was not varied Ijy smoking. Oxygen eonsuniption was found to 
increase, in some subjects from 5 to JO per cent, tliis being in accord with 
our results. iMeCoi’mick (1935) believes the rise in blood sugar is a direct 
response of the adrenals to the presence of a toxin. lie offers the evidence 
that resistance to nicotine poisoning is greatly increased by previous admin- 
istration of adrenalin. 

Recently Short and Johnson (1939) have shown in a study of five sub- 
jects that the changes in pulse rate, blood pressure, and skin temperature due 
to smoking cigarettes continuously could be duplicated by subcutaneous 
injection of adrenalin solution (1 e.c. of 1 :1,000). They concluded that nicotine 
effects can be explained by an increased output of adrenalin. 'Whether the 
effects of smoking are due only, if at all, to liberation of adrenalin or to other 
pharmacologic reactions of nicotine W'ill have to be settled when our knowl- 
edge is more complete. 

CONCLUSIONS 

1. Cigarette smoking caused an iiicx’case in metabolic rate in 82 per cent of 
39 subjects. In 13 per cent a decrease occurred. In 5 per cent no immediate 
eftects were observed. The average effect on metabolic rate was an increase of 
8.9 per cent. 

2. The maximum effect on basal metabolism of smoking one cigarette was 
reached immediately in some eases, and was delayed as long as forty-five minutes 
hi others. 

3. The first rise in metabolic rate was typically followed by a second in- 
crease, reaching its summit about foi’ty-five minutes later. 

4. Smoking caused an increase in heart rate in 72 per cent of the persons, 
^1 decrease in 26 per cent, and no change in 2.5 per cent. After fifteen minutes 
the heart rate became slower than normal. 

5. The rate of breathing decreased immediately after smoking, returning to 
normal in about forty-five minutes, 

d. Smoking caused an immediate reduction in the oxygen pulse value, fol- 
lowed by an increase for at least forty-five minutes. 

Greatest physiologic effects of smoking were shown by confirmed smokers 

inhaled the smoke, and by persons who were unaccustomed to smoking. 

8. In this study, women showed more marked changes than men. 

More marked changes oceurred in persons in a basal metabolic condition 
ihan in persons in a nonbasal metabolic condition. 
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A COMPARISON OF THE EFFECTS OF LARGE DOSES Ob’ CALCIL’M 
GLUCONATE-IDONATE, CALCIUM GLUCONATE, 

AND CALCIUM CIILORTDE=» 


Elizabeth R. B. Smith, Ph.D, New Ha vex, Coxx. 


' j ’HE wide use of intravenous calcium tlierapy makes tlie pliiumaiolude 
action of a readily soluble calcium salt a matter of some interest. Caleiiini 
gluconate-idonatef is a very soluble salt. Hence a stud}" of its action, com- 
paring it with calcium chloride and with calcium gluconate, has been niiuio. 

PROCEDURE AND RESULTS 

Chi 07iic Studies in Rats . — The drugs in solution or susjiension were aiimiii- 
istered by stomach tube to rats six days weekly throughout the exjjerinu’iit. 
Tlie animals were weighed at least once a week. Certain tissues from aniiuah 
djing during the experiment, as well as those surviving for its duration, "in* 
examined histologically. Calcium gluconate-idonate, calcium cliloride, mnl 
calcium gluconate were all given in amounts equivalent to 0.4 Gm. calcium per 
kilogram of body weight daily, the first two in solution and the third in a 
heavy suspension. The gluconate-idonate and the chloride were also teatcJ 
at levels ecjuivalent to 1 and 2 Gm. calcium per kilogram per day. Te's 
animals comprised each group except that receiving 1 Gm. calcium per kilogwm 
as gluconate-idonate; it contained 20 rats. 

All the animals receiving calcium at the 2 Gm. ])er Idlogram level died aitir 
a single dose ; hence they are not included in Pig. 1, where the average wtiglit 
of each group is plotted against the survival time in days. A cross hai imi 
cates the death of an animal. Administration of 1 Gm. of calcium per kilo-f''’*^ 
of body weight as calcium ehloidde produced death after one or do-'^-’ 
but as calcium gluconate-idonate 4 animals survived the entire peiioi . 
a dose of 0.4 Gm. calcium per kilogram, of the rats receiving calcium ^ ^ 

5 of the original 10 survived the entire period, while all tho.se recei li ng 
gluconate-idonate or calcium gluconate of the same calcium content .-'lU'U 
Two of the gluconate animals died (at 56 and 63 days, respectively), 'U 
entire gluconate-idonate group was still alive. 

Pathology . — The heart, kidney, and liver tis.sue from 
calcium gluconate-idonate equivalent to 1 Gm. of calcium per 


animals 


iVeS 

kilogram 
.-ina the L-ibenitory oi 


•From the Laboratory' of PharmacoloeV at>*l To.xicology 
Yale Univer-sity School of Aledicine. 

Received for publication, August 30, 1939.- 

The calcium gluconate-iilonate used in tliis study was supplied by 
Inc., who have contributed generously to the support of this restarcii. ^ s.--' 

tCalciuni gluconate-idonate i .-5 soluble in w.ater to tlie c.vteiit of 111 about I ; ► , 

tion at 25' C. It is possible to prepare a temporarily -'‘“h!-’''-'";''*')'"')' 9.3 I"--' ‘''P' 
cent at room temperature. The ciilcium content of the salt i.s •U’Uto't'",., aci i. 

acid is the sugar acid derived from the hexose idose and i-s i.-a>meric nilh fc' 


i':’ 


lOlS 



smith: effkcts of calcium gluconatk-idoxate, calcium glucoxate 1019 


day for seventy days were examined histolog-ically. These tissues were 
essentially normal in appearance, showiiifr no abnormalities which could be 
ascribed to the effect of the drujj:. Likewise, neither calcium gluconate for 
seventy days nor calcium chloride for sixty-five days each, given in amounts 
containing 0.4 Gm. of calcium per kilogram per day, produced any apparent 
change in these ti.ssue.s. 



Calcium chloride = 0.4 Gm. Ca per kg. 

Calcium gluconate = 0.4 Gm. Ca per kg. 

— — — — Calcium gluconate-idonatc = 0.4 Gm. Ca per kg. 
— Calcium gluconate-ldonale = 1.0 Gm. Ca per kg. 


■iciite Studies . — Kigliteen adult dogs were used. Tlie animals received 
morphine sulfate suljcutancoiisly, 10 mg. per leg. l)ody weight, thirty minutes 
Imfore injection of the calcium salt was begun. The calcium solution* (0.205 
51) ^vas injected through a cannula into the femoral vein at varying rates. 

blood sample was withdrawn from the femoral vein just prior to caniuila- 
ffon; a second was obtained at death by direct cardiac puncture. The con- 
centration of calcium in the serum was determined by the method of Kramer 
and Tisdall.^ Klectrocardiogramsf from Lead TI were taken at frequent 
intervals during the injection. 

dhe protocols from all experiments are summarized in Table I. The re- 
S'lilts of Hoff’, Smith, and AVinkler/*^ who used the same procedure with 
chloride, are included for comparison. 


stPT..,*?® prepare tlie calcium gluconate solution It was necessarj' to heat the mixture on the 
fe to bring about Sutlon. Dextrose 5.0 per cent, citric acid 0.37 per cent and actic 

per cent were then added to stabilize the supersaturated solution uhich was filtered and 
U.U to volume after recoohng to room temperature, 
nouslv gluconate-ldonate m 20 per cent solution (0.507 M) was also injected in^aye- 

0^ 2 dogs In quantities of 3 cc. per kg- at rates of l.<6 and _.14 c.c. per kg. per 

"ute Without subsequent ill Vfect 

H. E. Hoff and Dr. P. K. Smith kindly assisted in obtaining tlie electrocardiograms. 
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Table I 




calcium: chloride 
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1 

12. 

99 

8.1 

0.5 

51.4 

12.0 

193 

15.4 

0.81 

111 

2 

9.1 

280 

30.8 

0.7 

45.6 

9.0 

92 

10.2 

1.12 

100 

3 

10.5 

66 

6.3 

0.8 

53.0 

5.8 

166 

28.6 

1.22 

231 

4 

6.8 

149 

21.9 

0.8 

106.4 

6.8 

296 

43.5 

1.34 

290 

0 

12.6 

89 

7.1 

1.0 

56.8 

6.2 

37 

6.0 

5.97 

170 

6 

7.5 

113 

15.1 

1.1 

70.8 

6.9 

84 

12.2 

0.94 

76 

7 

7.0 

142 

18.9 

1.1 

60.0 

7.0 

214 

30.6 

1.22 

127 

8 

8.8 

209 

23.8 

2.6 

52.4 

10.7 

610 

57.0 

1.66 

242'^ 

9 

11.6 

86 

7.4 

7.4 

95.4 

11.6 

524 

45.2 

1.10 

168-^ 

10 

7.0 

155 

22.1 

1.1 

126.0 

8.0 

120 

15.0 

5.45 

110 

11 

17.5 

230 

13.1 

1.1 

138.4 






12 

6.4 

142 

22.2 

1.6 

114.0 






13 

9.6 

43 

4.5 

2.6 

86.0 







Mean 


15.5 


81.2 



26.4 


162.5 


S.D. 


8.4 


31.8 



17.4 


71.0 


PEm 


1.57 


5.9 



3.7 


16.0 


CALCIUM GLLTO.VATE 


N 

c 


12.5 

10.8 

10.7 

10.2 

9.0 

15.1 
12.5 

10.1 


850 

63 

110 

89 

368 

308 

108 

203 


05.7 
5.S 

10.3 

8.7 
10.9 

20.3 

8.0 

20.1 


1.01 

3.S9 

1.72 

1.29 

1.11 

0.90 

O.Sfl 

1.25 


17.8 

12.32 

3.11 


192‘ 

IS2 

ICO 

S3 

175 

SO 

93 

152 


1315 

15.0 

10.7 


-died in cardiac arrest. 


Changes in the electrocardiogram followed the sequence reported by the 
above-mentioned authors for calcium chloride. An initial phase of inhibition. 
both of rate and of auriculoventrieular conduction, was followed by a period 
of excitation, during which ectopic rhythms appeared, and which often cul- 
minated in ventricular fibrillation. In experiments in which ventricular 
fibrillation did not appear during the rapid phase, a second period of inhibition 
occurred, and the animal died of cardiac arrest. In experiments in iihich ca 
ciiun glueonate-idonate or gluconate were employed, certain variations iiere 
detected in their effect on the heart. Fir.st, corresponding with the grea er 
amounts of calcium required to kill, the duration of the various phases m as 
increased. Second, the degree of inhibition during the first 
creased, so that arrest of as much as eight to ten seconds was obseiie • 
the tendency of the ventricles to fibrillate persisted even after the secon s 
ing phase began, so that ventricular fibrillation frequently terminate a 
of tachycardia after an airest of fifteen seconds or more.^ Because ^ 
extension of the period during which ventricular fibrillation nUe * ^ ^ 

pected, 8 of 10 animals given calcium glueonate-idonate, and i or j- 

calcium gluconate died of fibrillation, compared with b or <= 

chloride. • te or a’ 

Appreciably larger quantities of calcimn as gluconate-K 

gluconate are required to produce death than are needed '' vaha'- 

given as the chloride. This is reflected in the terminal ^*^^^*”* that 

the means of those for both organic salts being significantly ^ppi-ar 

with the chloride. The glueonate-idonate and the fjlY^.^eiice 1'^^' 

to differ aiipreeiably in their effect.s. It is possible that t le < 

tween the chloride and the sugar acid salts can be exp ainei 
different amounts of calcium ions they yield. 
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SUMMARY 

Calcium chloride, whether given orall}'’ to rats or intravenously to dogs, 
is definitely more toxic than calcium gluconate-idonate or calcium gluconate. 

Calcium gluconate-idonate and calcium gluconate differ very little in their 
toxicity for dogs and rats. Over a long period of time (seventy days) calcium 
gluconate proved lethal to 2 of 10 rats, and calcium gluconate-idonate to none 
of 10. 

Intravenous injections of 0.205 11 solutions continued to the point of 
cardiac arrest (usually with ventricular fibrillation) revealed no differences 
between the effects of gluconate and calcium gluconate-idonate. 
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FATAL RENAL INSUFFICIENCY FOLLOWINfi THE ADJIINISTKATION 
OP SULFAPYRIDINE* 


Simon Koletsky, JI.D., and Boyd G. King, JI.D., Cleveland, Ohio 


T'HE object of this paper is to describe briefly a case of fatal renal insuffi- 
A ciency accompanied by hematuria and oliguria following the clinical use of 
siilfapyi’idine. 

CASE REPORT 

Clinical History. L. P,, an SO-year-oId white spiubter, was admitted to University Hos- 
pitals on April 29, 1939, with a history of an upper respiratory infection of eight days’ 
uration and a severe productive cough of three days’ duration. Her past history was 
essentially negative except for pneumonia three years previously. 

2 ^^ysical Examination. Her temperature was 102.9* F., her pulse 80, her respirations 
» and her blood pressure 1C5 systolic and 85 diastolic. She was a well-developed and 
''e -nourished woman, looking much younger than her stated age. Her throat was red 
a slight mucopurulent discharge was present in the pharynx. There was impairment 
° percussion note at the bases of both lungs posteriorly, together with numerous coarse 

3a crepitant rales. A systolic murmur was noted at the apex. The rest of the physical 
cx,tnimatjoii was negative. 

laboratory Findings. The urine on admission was entirely negative. The leucocyte 
ount nas 14^000, erythrocytes 4.1 million, and hemoglobin SO per cent Salili. The Kline 


exclusion test 


was negative. Blood cultures gave no growth. TJie blood urea nitrogen on 


‘ ^mission was 15 mg. per lOO c.c. Sputum typing yielded a type XI pneumococcus. X-ray 
ination of the chest showed what \va.s interpreted as broncliopneumomc infiltration in 
^^o^^er lobes. 

Institute of Patlioloffy and tlic Department of Medicine, Western Reserve Unl- 
y ana University Hospitals. Cleveland, 
received for publication, September 7, 1939. 



1022 thk journal op laboratory and clinical medicink 

Th, ™ taiil'"!' 

Ts :rrrz::r^ ~ rr 

r.« ”j ror'"- r rn,”"""' ■»“ »-"««• 

tal of 4 Gin. in O.o Gni. doses. Tlie drug was then discontinued 

was O H ’ complained for the first time of abdomini pain, .h. 

Tl'ie -v '>v raHiclor. 


hv the total output of urine was only 0 e.c. Tliis was bloody and was obtaiacd 

tinenn, ' I ^ "'trogen had increased to 42 mg. per 100 e.c. Despite this her 

^ r s 'owed signs of resolution. One intravenous infusion of 300 c.c. of plnsiologie 

sahne and 100 c.c. of 50 per cent sucrose were given. 

During the next three days (May 6, 7, and S) only 15 c.c., 2 c.c., and SO c.e, .4 
e, respectl^ elj , were obtained by catheter. All the specimens were grossly bloody aad 
tiaces of albumin. Specific gravities corrected for protein varied frea 
^ 1.019. The patient received .several infusions of physiologic saline and glufu-e. 
n i ay 6 the blood pressure, which had previously been about 1G5 systolic and SO diastolir. 
rose to 190 sj'stolic and 90 diastolic. 


The patient died of uremia on May S, the ninth hospital day and five days after the 
a ministration of sulfapyridine had been discontinued. She showed no convulsions. Tie 
blood urea nitrogen on the day of her death was 104 mg, per 100 c.c. The final flinha' 
diagnoses were toxic glomerulonephritis due to sulfapyridine and uremia. 

Autopsy was performed two hours after deatli. It was limited to the abdomen, hat 
examination of tiie thoracic organs through the abdominal incision revealed that the pneu- 
monia was either completely resolved or minimal. The heart appeared to be enlarged. 

The essential pathologic findings were in the urinary tract. Each kidney weighed -M 
Gni. and was the seat of slight arterial and arteriolar vascular di.‘-ease. Cro.-s .h'cIwu 
. showed marked bulging of the parenchyma, which was pale gray in color; the u.^ual striatiuc-' 
in the cortex were obscured. The pelves were of normal size and shape but were lind 
by a thick, edematous, graydsh-brown mucosa which showed irregular hemorrhage.^ c.vlendiug 
into the adjacent peripelvic fat. The mucosa of the minor calicos and of the renal papilbe 
was greenish-brown and necrotic and presented a ragged surface covered by dci>o.-it.' ef 
granular and amorphous reddish-brown debris, Chemical aualy.sis of this materml fi- 
sulfapy ridine and its derivatives was negative. 

The ureters showed no dilatation. In their upper portions the muco.-a wa.s thkiii'-c' 
and showed many^ small areas of hemorrhage. However, the di.stal 4 cm. of cacli uiuc 
including the portions traversing the wall of the bladder, revealed a swolleu and rw m-‘ ^ 
greenish-brown mucosa, and the lumina were markedly reduced. The bladder showed 
edema and focal hemorrhages of the mucosa. 

Jlicroscopically, in addition to slight arteriolar sclcro.-ii.s, the kidiicy.-i were ^ _ 
of a marked nephrosis. The epithelial cells of the tubules were enlarged 
a pale-staining, foamy, or transparent cytoplasm, and very distinct cell borders. 
were of usual .size and showed no necrotic change. The swelling of the cells '‘.X/.; 
in moderate diminution of the lumina of the tubule.s. The glomeruli showed no .-igan.'-'- 


change. There was no inflammatory exudate. 

Microscopiically the renal pelves showed marked eilcma of the niuco>a, foci ^ 
morphouuelear and lymphocytic infiltration, and focal hemorrhages extending into 1 ^ 

peripelvic fat. The lining of the minor calices and of the renal papillae wu3 ^ j- 
ulcerated, and partly replaced by masses of blue and greenish-brown necrotic 
lesion was associated with dense infiltrations of polyiuorphonuclear ceils. The 
of the ureters showed a .slight degree of inflammation, edema, and focal inniorr 


b' 

il 
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the terminal portiona extending to the orifices in the urinary bladder showed the same type 
of necrotizing and suppurative indammation present in tlie renal calicca. The urinary 
bladder was the seat of an acute hemorrhagic cystitis and showed polymorplionuelcar an<l 
lymphocytic infiltration of tlio lnuco^a. 

Tlic liver, spleen, and gastrointestinal tract showed no signilicant gross or microscopic 
change. 

The final pathologic diagnoses woie: acute uectotizing and purulent pyelitis and 
ureteritis with hemorrhage; marked acute neplnosis; acute hcmorrliagie cystitis; minimal 
arterial and arteriolar nephioscleroats. 


Altliough this patient wa.s atimitlod to tlio hospital witli a bilateral broncho- 
pneumonia, she did not tijjpear to be .seriously ill. On admission her urine was 
negative, her urinary output was satisfactory, and lier Idood urea nitrogen was 
only 15 mg. per 100 c.c. In the treatment of her pneumonia she received a 
total of 8 Gm. of sulfapyridine, of which 4 Giu were given on her first hospital 
tlay and 4 Gm. on her third and fourtli hospital days. She was apparently 
making an uneventful recovery until the fourth l)osi)ital day, when she com- 
plained for the first time of abdominal pain and inability to void. Catheteriza- 
tion the following day yielded 45 c.c. of grossly bloody urine. During the next 
four days, although licr pneumonia appeared to lie resolving, she did not void 
spontaneously, and a total of only 109 e.e. of bloody urine were obtained by 
catheter. Blood urea nitrogen determinations were 30 mg. per 100 c.c. on 5Iay 2, 
42 mg. on Jlay 5, and 104 mg, on Ifay 8, the day of deatli. Death occurred 
eight days after sulfapyridine therapy was started. 

At autopsy the essential iiathologic findings consisted of an acute necrotiz- 
ing, purulent, and hemorrhagic pyelitis and ureteritis, and a marked acute 
nephrosis. The inflammatory lesion was especially severe in the minor calices 
and renal papillae and in the terminal portions of the ureters which were ob- 
structed as a result of mucosal swelling, nccrosi.s, and exudate. The lesions 
appeared to he of short duration ; there was no evidence of chi’onicity. Althougli 
no calculi were found in the urinary tract, there were extensive deposits of 
ieddisli.})i‘own granular material lining the pelvic surface of all the renal 
papillae. Chemical analysis of this material for sulfapyridine and its acetyl 
tlerivative was negative. There was no inflammation within the kidney. 

Similar lesions of the urinary tract associated with the formation of uroliths, 
^Jonsisting of the acetyl derivative of .sulfapyridine, liave been produced experi- 
nientally in animals by means of the oral administration of the drug.^- ^ Antopol 
“wd Bobinson^ noted the formation in the in-inary tracts of susceptible rats, rab- 
and monkeys of aggregate.s of needlelike crystals, especially in the ureters 
^‘id most frequently at the level of the bony pelvic brim. The.sc lesions were 
o^ten associated with more or le.ss complete urinary obstruction. The early pic- 
ill the urinary tract was that of calculous ureteritis and pyelitis; with in- 
'olvenieiit of the kidney a pyelonephritis ensued. 

Hematuria has also been reported as a complication of sulfapyridine therapy 
oil man. Southworth and Cooke^ recently described three such patients, two of 
'' had severe renal and ureteral pain, while two had niti'ogen retention. 
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^ All recovered promptly when the drug was stopped and adcrjuate Ihiids wire 
given. From the experimental and clinical evidence available thus far, it woall 
appear that sulfapyridine is capable of in'odiieing a hemorrljagic ami sujijjura- 
tive inflammation of the urinary tract, especially of the ureters and renal pelns, 
associated with necrosis and formation of concretions. The latter consist uf 
sulfapjTidine and its acetyl derivative. Possibly the concretions are fonmd 
first, and the inflaininatory lesions are secondary. The attendant oliguria anil 
pain are presumably due to the obstruction and urinary stasis in tlio pelves nr 
ureters caused by the inflammation, the calculi, or both these factors. 

Both the clinical course and the autopsy findings in tlie present ea.se jti.diiv 
the belief that the sulfapyridine Avas the etiologic agent responsible for the 
urinary tract lesions. Prior to the use of the di-ug the patient’s urine was uega- 
tive and her urinary output was adequate. Following the administration of 
8 Gm. of sulfapyridine there was rapid development of hematuria, oliguria, ami 
azotemia. Except for small doses of codeine, no other drugs Avere given. Tim 
patient received one infusion of 100 c.c. of 50 per cent sucrose, i)ut this was 
administered after the onset of the oliguria and hematuria. The necrotizing ami 
hemorrhagic type of lesion in the pelves and uretei’s indicates a to.\ic ami ivnta- 
tive injurious agent of chemical rather than bacterial nature. 

The marked tubular disease present in the kidneys may be due largely, or 
in part, to the sucrose Avhich the patient received shortly before death, rathu 
than to the sulfapyridine. Nephrosis has been observed at autop.sy in paticiilf 
Avho received sucrose during life,'* Similar tubular damage lias also been ia‘>- 
duced in animals by the intravenous administration of sucrose, altliougli t a 
amounts used Avere comparatively large and the nephrosis Avas not a.s.soeiato 
Avith renal iusuffleieney or Avith inflammation in the urinary tract.'' That t i'- 
sucrose is not the primary injurious agent in this ease is indicated conelusiu'.^ 
Ijy the fact that it Avas used after the onset of liematiiria and oliguiia. 
patient’s pneumonia Avas minimal and in the process of resolution aiu 
all probability not related to the fatal outcome or to the disease in the in's-' • 
tract. 

SUMMARY 

A ease of fatal renal insufficiency incident to tlie 
fapyridine is described. TJie patient Avas an 80-year-old woman a\ w rej ^ 
a total of 8 6m. of the drug over a period of three days in the 
bronchopneumonia. She then rapidly developed abdominal pam, len 
and marked oliguria. During the next five days a total of only 15 c.c. ^ 
urine Avas obtained by catheter. Death occurred in uremia eight _ jbeou- 
onset of administration of the sulfapyridine and fiA’c days aftei i 
tinued. At autopsy there Avas a severe necrotizing, •*' j. of l/4h 

vhagic ureteritis and pyelitis, Avitli obstruction of the termina J)Oi 
ureters, and a marked acute nephrosis. 

Grateful acknowledsnient is made of aid rendered by Dr. jooeph JI. 
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THE EFFECTS OF INSULIN ON SERUJI LIPIDS AND CHOLINE 
ESTERASE IN SCHIZOPHRENIA' 


Lowell 0. Randall, Wodcesteb, Mass. 


A LTH0U6H we were unable to demonstrate any consistent immediate effect 

of insulin on the postabsorptivc level of tlie whole blood lipids in a previ- 
ous study, we observed a mild lipemia on repeated treatments. After cessa- 
tion of treatment the lipids remained elevated in those patients showing remis- 
sion but tended to return toward the initial level in the unimproved patients. 
Since serum lipids are more susceptible to cliango under tlie influence of e.\- 
traneous agents tlian are whole blood lipids, we studied tlie immediate effects 
of insulin on the postabsorptivc level of serum lipids ns well as the ehronie 
effects of repeated doses in another series of patients. Hematocrits were in- 
cluded to control variations in serum concentration, an important factor in 
insulin coma because of the severe perspiration. Since insulin has been sus- 
pected of exerting a stimulating effect on tlie sympatlietie nervous system^ and 
since it has been postulated that the oliolinc esterase activity of serum is related 
to the autonomic balance,' we liavc included this variable as a corollary to the 
study of lipid variation coincident rvith variation of aiitonoinie activity. 

METHODS 

The prolonged effects of the insulin hy-poglyccmia treatment on serum 
■Pid, choline esterase, and hematocrit were studied in 17 schizophrenic patients. 
Two blood samples (a week apart) were taken before beginning treatment, 
another during the fourth week of treatment, and two more (a week apart) 
after cessation of treatment. In order to study the immediate effect of insulin, 
further samples were taken on 12 patients (in the fourth week of treatment) 
in the postabsorptivc state, during the period of coma, and one hour after the 
administration of sugar which was used to terminate the coma. Serum phospho- 
■Pid and total lipid were determined in duplicate by Bloor’s oxidimetric 
•aethods.^ Free and total cholesterol were determined by Turner’s modifica- 
hen of the Okey digitonide method.” Choline esterase activity was determined 
y Anunon’s gasometric method.* The relative volume of serum to cells was 
■ aterm ined after centrifuging the heparinized blood in a graduated tube. 

Prom Research Service of Worcester State Hospital. Worcester. 

Received for publication. September 11. 1039. 
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RESULTS 

In Table I are presented the means and criteria of significance ot tlifTcr- 
ences of serum lipids, choline esterase, and hematocrit obtained before treatnunl. 
during the fourth week of treatment, and after cessation of treatnient. It is 
apparent that the various lipid fractions and choline esterase reacli tlie maxi- 
mum values during the mideoursc of treatment. With the e.\cei)tion of iric 
cholesterol the mean values are significantly lower at the end of treatment tliaii 
those in midcourse, but they arc significantly higher than the pretreatinent 
means.* It is noteworthy that the hematocrit value did not change significantly 
during the course of treatment. 


Table I 


Showing the Diphasic Coukse of Sep.um Lipids and Choline Esteillse in CoxTiNivia 

Insulin Treathent* 




MEAN VALUES 

.SIGNIFICANCE OF DIFFEIlKNlE I.X 

1 TERIIS OF THE “T” CIlITUlIO.X 

VARIABLE 

N 

BEFOIIE 

TREAT- 

MENT 

IX MID- 
COURSE OP 

TREAT- 

MENT 

AFTER 

TREAT- 

MENT 

BEFORE 
TREAT- 1 
MENT 

VS. JUD- 
Tr.EAT- 
MENT 

1 

MIDTREAT* | 
MENT j 
VS. AFTER 
Ti!EAT- ! 
MENT 

BEIOr.E 

ir.EH- 

.MK.NT 

VS. .vnre 
TUFAI- 
MENT 

Total lipid 
nig./lOO c.c. 

17 

402.7 

540.2 

449.0 

4.0* 

3.1* 

j.OS* 

iCOi 

041) 

Phospholipid 
mg./lOO c.c. 

17 

177.4 

231.0 

202.3 

4.0* 

2.5i 

3.0* 

3.1* 

1.17 

Total cholesterol 
nig./lOO c.c. 

17 

159.8 

192.5 

173.8 

4.7* 

Free cholesterol 
mg./lOO c.c. 

17 

49.1 

54.9 

40.5 

1.8 

3.04* 

Clioline esterase 
c.mm./lir./c.c. 

14 

08.2 

82.1 

SO.O 

0.04* 

Hematocrit 
per cent 

17 

44.4 

44.4 

44.2 

" 





•p < 0.01. 
tO.Oo >P> 0.01. 


The behavior of serum lipids and choline esterase in 
ment was exceptionally uniform from individual to individual. ic 
lipid level occurred in all cases, and choline esterase rose in all 
in which there was no change. There occurred considerable in- 
different patients in the values obtained during the two ji ..v,is 

treatment. These data were discussed in a separate papei ni « 
shown that the serum lipids remained elevated in those h-vd 

coincident with the treatment but returned toward the pretiea mo 
those patients who remained unchanged mentally. •«.• •• of dha r- 

In Table II are presented the means and criteria of Yitionl-s bob'' - 
cnees for serum lipids, choline e.stcra.sc, and hematociit m - P>^ j|,. 

and during the course of a single insulin treatment. - t p-.d and ^ 

variables we find a rise in the mean level above the iiostai-soip fa 

tendency to drop again after the administrations of sugai, hdiiui"- "• 

choline esterase and hematocrit are statistically significant.^ gra'l’' 

lipids during coma, and especially on administration ot su,..ii. 

•Tin- si^initloant’o of (liiiVitincos was iU-t<*riiiin<*<i throiif^U t 
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from individual to individual. In 8 of the patients the lipids rose to greatly 
varying degrees, while in 4 patients there was a fall or no change. 

All patients except one showed a rise in choline esterase and all showed 
the increase in hematocrit during coma. The question arises whether or not the 
increased blood concentration accounts for all the increase in choline esterase. 
The intra-individual correlation coefficient, obtained on the control and coma 
values of hematocrit and for choline esterase, wa.s 0.67. Thus the hematocrit 
change accounted for 2G per cent of the variation of choline esterase. The 
larger proportion of the variation in choline esterase may, therefore, be ascribed 
to factors other than hemoconcentration. Since the mean hematocrit change 
was 5.8 per cent and that for choline esterase was 12.5 per cent, we believe that 
insulin produced a significant rise in choline esterase. 


Table II 

Showing Mean* Cranges in ScuPir Lipids, Choi.ine K.STEr.ASE and Hematocrit During 
Insulin Coit.v and After Adminlstuation of Sugar 


VAiUABLE 

N 

MEAN VALUES 

SIGNIFICANCE OF 
DIFFERENCES IN 
TZRM.S OF THE “t" 
CRITERION 

CONTROL 

COMA 

AFTER 

sroAi; 

CONTROL MEAN 

VS. COMA MEAN 

lotal iipitl nig./loo c.c. 

12 

o54.0 

599.2 

585.9 

2.37 

Fhospholipid mg./lOO 

12 

229.0 

237.0 

228.4 

1.16 

Total cholcstorol mff./lOO 

12 

192.3 

203.9 

191.1 

2.19 

C.C. 






Frea choloaterol mu./lOO 

12 

55.7 

5S.0 

57.3 

1.46 

Choline esterase 

10 

S4.8 


87.7 

4.30* 

c.min./hr./c.c. 






Hcnatocrit per cent 

12 

44.43 

47.09 

4i).G0 

5.9D* 


*P<0.01. 


DISCUSSION 

The variable response of the postabsorptive level of the serum lipids among 
different individuals indicates that insulin acts only indirectly on the serum 
^^Pids, perhaps through a disturbance in the carboliydrate or acid-base balance. 
Reports of other workers on the effect of insulin on the postabsorptive level of 
I^lood lipids are equally inconsistent. In normal men Christomanos* reported 
^ slight fall, while Bruger and MosenthaP found no consistent effect. In ani- 
a drop in blood lipids was reported by Page, Pasternak, and Burt,“ 
Schmidt and Ssaatehian,'= Himwich and Spiers,® and ’Wertheimer no change 
'vas indicated by the results of Rony and Cliing** and JIiller;^° and a rise was 
found by mite.*® 

There is little reason for doubting that insulin lowers an abnormally high 
'“ood lipid level, although this is likely to be due to an indirect effect of insulin 
oybohydrate metabolism. Treatment of the lipemic diabetic person with 
"‘Jiulin lowers the blood lipid in both human subjects® and dogs.® Insulin causes 
phlorizin lipemia*® or nephrotic lipeniia*® to disappear. On tlie other hand, 
"0 have found a prolonged rise in seimm lipids after insulin administration in 
Patients who have an abnormally low serum lipid level.*® The daily injection 
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which°is natelTlfto «sITion orZaZ!ifoll°T!l 

The insulin therapy produe ed “"i"'-' 

by a return totvafd the taWal le^ »>1 l««i.<, M.«J 

the patients. *' ‘o «<« «lin«l of 


OUMMAKX 


daiIy“rsro(tsXrfh°'^ ‘'“‘T* °* “Wsophrenic patients rtl, l„e 
total lipid and plmlin ® P lospholipid, total cholesterol, free cholesterol, 

remaSlevatedl kvd. Tta v*u 

remained elevated for two weeks following treatment. 

not studied dm-ing the fourth week of treatment insulin dui 

the eholiup ^ consistent immediate change in serum lipids, but it increased 
for hv hpm ^ significantly greater extent than could be nccoiinkd 

101 by hemoeoneentration. 

debted to Mr. E, B. Romanoff for some of tlie choline esterase (Ictcrmin.-itloas. 


S. 

D. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 
IT. 
IS. 
19. 


REFERENCES 

1. fermentative Spaltung des Acetylelioiins, Arcli. f. cl. ges. Pliy.-io!. iW-’ 

°*6heni ^ 77 ' Small Amounts of Lipid in Blood P)a.«m.'i, J. Bid- 

Cpnliq'iini’ • 1 ■ , ® O.vidative Determination of Phospholipid (Lecitliin wi 

!. Bruoer if tissue, J. Biol. Chem. 82; 273, 1929. ^ 

°tn’ iha T • H. 0.: The Immediate Eesponse of the Plasma ChoKitoril 

vestigation*^ 13°^399 igsf Epinephrine in Human Subjects, J. Clin. It' 

Christomam^, A. A.: bber den Einfluss des Insulins auf die Fettvcrtcilung im Scras, 
C m Ztschr. 214; 482, 1929. 

e wrn, E.: Effects of Hypoglycemia and .lino.xia on the Central Nervous Sptr:a 
125, ISSS^”*" Tlierapy of Schizoplireuia, Arch. Neurol. & Psychiat. I'l- 

■ H. E and Spiers, JI. A.: The Effects of Adrenalin, Ephedrine aud Im'inc 

Jones A? s? 04S, 1931. 

** Tod, H.: Tile Effect of Altering- the Conditions of flic 
83' 902 ig1l7* Choline Esterase Level in Human Blood Serum, J. Neui- >-• 

Harlpnd^'T^’V Treatment of Diabetes, Philadelphia, 192S, Lea & Fcbiger. p. 
Green '&^Co^"' Metabolism and Insulin, Loudon, J92C, 

?”'• T'ariations in the Plasma Phospholipid of Aiuytalized Dogs foUq-J-.- 
Pa^e T J- Chem. (Proe.) 100: 144, 1933. , 

A-'’ . 5 f®J®rnak, L., und Burt, M, L.: Einfluss des Insulins im akutcii '' 
BandaU ^ Organlipoide, Biochem. Ztschr. 231: 113, 1931. 

Tn=nr m’ D. E., and Loonev, J. M.: Changes in Blood Liiuds 1L-- 

" laU T A Schizophrenia, Am. J. AL Sc. 195: 802, 103S. 

tali, J_i, (J,^ ami .Tpllinolr 17 Ar . .:„i : , Tr.>«itnicnt 


'ertam 


lljr. 


■ 


nn T?o<. i7» — i-.; x’at ^uetuDousin. ii. 

Schmidt transport, Endocrinology 14: 35.5, 1930. , , 

ScJimiUt, A, A., und S.saatchian, E. L.: Einfluss des Insulins auf den nio.'p!ib;--.„- - 

Shih-Hna f ®'“^"'‘'''®E.R‘“t>iestand, Ztschr. f. d. ges. exper. Med. 54: 

• ‘A ilills, C. A.: The Effect of Insulin on Blood Cholesterol, Fat a-* 

r.^ Soc. E.vper. Biol. & Aled. 24: 191, 

aCr, AT, E,; A *.1.. r\i 1 z».._ *.1... 


T'firnnr "Vf IT* 7'^. JJWL <3C -JlCtl, 

n ' Simplification of the Okey Method for the Determinalma ut 

Uximition of the Djgitonide, J. Biol. Chem. 92: 15(1, 1931. 
Hertheimer, E.: Stoffwechselregulatioiien. 11. Die inkretori.-=eho Keguheruu 
mohihsieruug, Arch, f, d. ges. Phvsiol. 213: 280, l!t2fi. 

Uhite, A. C.: Insulin and Blood Fat, B’iochem. .1. 19: 921, 192.5. 


f 





VARIATION OP BnOOD PRESSPRE WITH BRIEF VOLUNTARY 
JIUSCULAR CONTRACTIONS* 


Eimiuxb -Iacohsox, JI.D., Chica«o, 111 . 


IN A PREVIOUS study"'- the blood pressure ot various subjects was taken 
A from time to time during periods of from one to two liours, wliile graphic 
records were made concerning their states of skeletal muscle tension. t Do- 
terrainations were made of systolic as well as of diastolic pressure in some 
patients with va.scnlar hyiiertcnsion as well as in subjects of normal type. 
Skeletal muscle tension was measured in lei-m.s ot action potentials, employing 
the right biceps-brachial nuisclc groin) in all in.stance.s, along with one or move 
oilier groups in most instances. In order to eliminate the induence of change of 
posture to the lying position, no reading of blood pressure was considered until 
the subject had been lying for at least fifteen minutes. 

The evidence pointed clearly to a relationship in man between the state 
of contraction in the manifold muscle groups of tlic individual and his blood 
pressure at a corresponding instant. This accords with an extensive literature 
on physical exorcise, which it seems unnecessary to review here, but from 
which it is well Icnowu that during vigorous muscular contraction, the blood 
pressure rises, at least until fatigue sets in; this applies to systolic, if not 
always to diastolic, pressure. However, one writer (Pishberg,* 1934) finds 
tliat slight muscular exercise produces little or no elianp in the blood pres- 
sure. In any event, the relationship between contraction in divers skeletal 
museie gi-oups and variations in blood pressure is not simple, and is readily 
obscured in the presence of other faetoi-s that influence the blood pressure. 
Slore evidence is needed to confirm the existence of this correlation and to 
clear up our conceptions about it. 

The impression lias been gained that under conditions kept faiily con- 
stant otherwise, a marked change in the state of general muscle tension is 
likely to be accompanied by a shift in the blood pressure level. Blood pies 
sure tends to fall rvith progres.sivc muscular relaxation, especially as this nears 
'Ompletiou; but after lower levels of pressure are once established, merely 
prolonging the rest, without increasing the degree or extent of relaxation, 
'’ucs not necessarily effect an additional fall in pressure. Likewise, if from 
Ibe outset there is prolonged tension in the muscle groups studied during 
CUnlafSI" PliysloloBical I.alii>rAtors- of the University of Chiraco. anU the Laboratory for 
„t chJ“UOTtal°SpenaS*S!'frayvii hy a erant ot the Bocfcefcller T-ounOation to the University 

5ieaa In abstract form before the .,inierican physiological Society, April 28, 1939.* 

Wr- WUUam II. Lees assisted during these experiments. 

Received for publication, September 13, 1939- 

IBy tension is here meant active contraction, not passive streten. 
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the rest period, there is not necessarily a marked rise of pressure; if general 
musele tension tluetuates fairly constantly M'ithin certain limits, the blood 
pressure may shoAV little variation during the period. 

"While it is certain that skeletal muscles do not necessarily relax fully 
during a i)ei-iod M'hen an individual attempts to i'est,“ this is not generally 
realized as yet, and there is still the tendency in many quarters to identify 
lying down with relaxation. The influence ,af posture can he eliminated most 
effectively if, -while keeping this constant during an experimental period, 
we produce alternately' contraction and relaxation in selected musele groups, 
and determine xv'hether there occur corresponding increases or decreases in 
blood pre.ssure. To effect this in the jn'csent studie.s, the subject, -ndnle lying 
at rest in other re.spects, clenches his right fist for several minutes, generally 


about five, sometimes up to ten. 

Although the studies have lieen made chiefly in the lying position, similar 
results are observed if the subject sits up in a fairly comfortable chair. In 
that position a certain degree and extent of relaxation commonly occurs under 
normal conditions, as has previously been shown by various methods. Foi 
example, the knee jerk, responding to an intermittent stimulus of constant 
magnitude, shows a characteristic decline in extent in many instances. 
Furthermore, an individual may be seated but so relaxed that a continuous 
record of zero activity, or nearly so, is shouni from the muscles of eithei arm. 
In short, while sitting, relaxation may be more or le.ss complete in muse e 
groups whoso activity is not required for that posture. 

As stated previously, preliminary studies of several hypertensive patients 
in the sitting posture indicated that the blood pressure often rose when t 
contracted the muscles in a part (such as the iqiper arm) during a test pen ^ 
of about ten to sixty seconds, falling subsequently if they then relaxe ^^t^m 
same muscles while remaining in the sitting posture. The customai} 
of combined palpation and auscultation was employed. Such pioce 
studying rise and fall of pressure obviously enable us to rule out t le 
of posture, since this continues constant; they also keep emotiona 
down to a minimum of change. 

Observations can be made more jjrecisely if muscle tensions aie n 
in terms of action potentials. T-wo amplifier string galvanometei 
■were employed, recording action potentials, as stated previously, o ^ ^^,^3 

a microvolt. For this, 15 subjects -were available. The Wooc 
normal in 11, 6 of \vhom had received training to relax, while t le 
athletes. The 4 remaining subjects showed chronic high b oo 
were being trained to relax. All subjects had participated j,i 

ments, and accordingly, were well accustomed to the j^gtriictcd to 

the following studies, the subject, as a rule, reclines and has ee telegi'^P*' 
clench his fist continually and vigorously, beginning wheii ie ie 
key click near his ear. The moment of this click is ® niagiK^t^ 

o-raphic records by the movement of the pointers of tivo upi “ ,j is the 
loM placed before each camera. A eecond click recorded 
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signal to cease a requested muscular contraetiou, such as cleuchiiig-. Accord- 
ingly, the time relations ean be charted accurately. In order to eliminate 
subjective errors in determining blood pressure, the Tycos self-reeoi’ding 
sphygmomanometer is again employed in all biit the early records in this 
series. As said previously, the ])oint of systolic pressure is sharply indicated 
on the charts made with this instrument, but there is question at times con- 
cerning the reading of the diastolic pressure. Accordingly, we may believe 
that the figures for systolic pressure have a negligible error, but no such as- 
sumption is made regarding those for diastolic pressure. However, since all 
readings were made by two persons in association, we may assume that errors, 
if any, were in the same direction, and that the results for diastolic pressure 
are satisfactory at least for purposes of comparison. In any event, the general 
character of the results on diastolic, as well as on systolic, pressure does not 
seem to differ very much whether the automatic apparatus is used or the 
ordinary method of palpation plus axiseultation. 

To determine and evaluate the inffuence on blood pressure of the voluntary 
contraction of selected muscle groups, it is necessary to keep other factors as 
nearly as possible constant. Accordingly, in the present experiments, noises 
and other disturbing factors are avoided. It was evident that the subjects 
were not in an emotional state. The instruction to contract certain muscle 
groups, while keeping others as relaxed as possible, was probably carried out 
more precisely by the subjects trained to relax ; but the athletes were skillful 
at this as well. 

While the results to be presented are not positive in all instances, they 
seem to reveal a trend distinetly. The type of result often secured in a sub- 
ject with normal blood pressure upon prolonged complete or approximately 
complete relaxation interrupted at intervals by muscular contractions, such as 
clenching tlie right fist, appears in Fig. 1. 


Ro. was a 5 ’oung woman, 24 years old, wlio had recovered from a condition of severe 
nemug depiession, pari passu as she learned to be relaxed. She readily aclnovcs marked le- 
laxatjon in the right arm (biceps brachiahs) and the left leg (quadiiceps femoris) muscles in 
'Oiich potentials are measured^ the voltages generally are near 0 microvolt, but do not exceed 1 
iiacrovolt, She is somewhat less successful in relaxing the abdominal muscles, and still less 
‘*iose of the eyes. On the whole, the degree of relaxation attained is sufBcient for present 
purposes. 


■About fittcen minutes after lying down, the first blood pressure is taken, whereupon 
recording of action potentials is begun, while she relaxes fairly for about fifteen minutes moie. 
pou firmly clenching the fingers of the right hand, there occurs promptly an increase in 
®lstolic pressure (8 mm.) and in diastolic piessure (5 iiiiii.). In tins and in similar figures 
aleied here, the blood pressure readings during any eontiaction will be set down as positive 
cedur^^^*'^' compared with the last reading before the contraction. (An alternative pro- 
Pnor* heading to practically similar results, would be to take the mean of the leadings 

toward” ^“^traction.) This increase is not maintained in the second blood piessure reading 

pared five-minute period of clenching, where the values are but -f- 4/-1, as com- 

tion reading prior to the contraction. During this same five-minute interval, ac- 

from the right arm muscles decline somewhat in voltage, showing that the 
U3 not mtaintained the clenching of the fist steadily; pos^bly this explains in part 
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tho (lueliiio ill prossuro iluriiifj the same period. Upon clenching the second time, the rise 
in pies.sure is more marked than before (J2/8), while the second reading toward the clo.-e of 
tho five-minute period of clenching is 12/10. Evidently, there is no decline in pressure during 
tlie five-minute period of clenching this time, possibly because the abdominal muscles con- 
tracted somewhat more during this period, producing an additive effect on the pressure. 
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in a wonian aged 21 .*’ trained to rcia.'c fairly. ^l‘^*^\?ucrov*olt.age^ o'^aSon^otentials fP)™ '“j 
blood iire.s.sures in niillimetors of mercury, but .also micro . ® gyes (perhaps 

tain musele.s in tire right arm. left thigh, abdomen, and about 

r-etlnal potentials). , and. in conseouenm 

.Vs de.sci-ibed previously, tiro cameras do not operate interpolation aPP 

recor-ds of action potentials rirc not complete for tour lead.s. Accor uriig 
on this graph as well us In Figs. 3, I, and 5. 

* 11 

In the 11 sub.jects with uofuial pressure, (0 ^.g^sed in 

iiiiule during elenehiiig oJ; the right list. Systolic „ 

64, and diastolic pressure was increased in 63 of these detenu ^ 

A composite graph for these 70 determinations appeal 
ing a time period of ten minutes. During clenching o ^ (liastoli*^ 

subjects there occurs, on the average, a signilicant lise teiide"0' 

pressures up to at least ten minutes. There is some nu ica ^ 
for diastolic pressure to accompany systolic In all 

instances clenching was not prolonged after about ve iw 
stances readings were not made each minute, sine ^ are 

would inevitably influence the re.sults. ^ that, iu 

ranted from the eharaeler of the curve shown in Fig- e^c 

the results are strongly positive. , vascular hyP*'''" 

Fig. 3 fm-.mho» a., iltaafatiou ol a paltal snS.nns I.«"> 
tension of advanced type. Hospit»> 

L., a matrou of about 37 ye.ars, was The 

through the kindly cooperation of Doctors Eranklm 
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was hypertension, witli evidences of advanced renal pathology. Action potentials from the 
fle.xor muscles located in the right upper arm are plotted against time. As will be noted, her 
rela.\-ation is far from perfect. After about two minutes of clenching the right fist, pres- 
sure rose in the amount of 5/9, and about three minutes later the increase became 11/10. 
During the flvo-minuto period, when clenching ceases and relative rest is resumed, the pres- 
sure drops back apjrroximately to the levels which preceded the act of clenching; but two 
minutes after clenching lias been resumed once more, pressure again increases in the amovmt 
of 11/1. Decline of pressure occurs again during the following control period. During the 
third test period of clencliing, the pressure rise after about four minutes is 17/5. There- 
after, the pressure declines again approximately to former resting levels. 


The data on four subjects with hypertension are too few to graph, but the 
results are roughly ou the same order as for those with normal pressure. At 
one minute the average rise is 5.7/4.3; at five minutes it is 8.3/5.7; at teu 
minutes it is 9.7/S.O. Upon voluntary contractions, while lying, ive should 
expect greater increase in blood pressure — in millimeters of mercury— during 
states of elirouie high blood pressure tliaii during normal states. Our find- 
ings, however, show the greatest increases, as a rule, in three subjects whose 
pressure levels are normal. The explanation probably is that these were 
athletes : thej’’ obviously cleuehed their fists more tightly and vigorously than 
did the subjects in the other groups. This observation is readily confirmed 
upon reading the voltages from muscles in the arm during clenching, 
are found to exceed considerably the similarly recorded voltages in t e 
trained subjects (not athletes) and in the subjects with abnormally increase 
blood pressure. It seems safe to conclude that the more vigorous contrac ion 
in the normal athletes accounts foi’ the greater increase in pressuie o sene 
in the group of athletes as compared ivitli the hypertensive group. 

In all subjects more strongly positive results are often secure 
tioual muscle groups participate in the voluntary contraction. ns * 
illustrated in Fig. 4. 

The subject is a professor in a medical department, aged 37 years, sympfoms of 
plaints were from spastic colitis of thirteen years ’ duration; there complefe, 

cardiovascular origin. At the time this record is taken recovery was evi e 

® j . „ i f ipr Ivin*' down uj* 

his technique at relaxation, as shown in Fig. i, was adequate. - ' t-a riofit 

tumuty-live minutes, the pressure reading was 118/69. Upon clenc ung had lioo® 

ously, the pressure taken at once was 122/76, an increase of -1/7. 18/12. Dpoo 

protracted for live minutes, the reading became 136/81, a total jf once w*® 

stiffening both legs, but also continuing to clench the fist, the pressur jninutes, if’® 

1-15/86, a total increase of 27/17; when protracting ouce more, S'® 

reading became 117/87, a total increase of 29/18. When instruc e prior to 

reading fell at once to 127/7-1 — a return approximately to the jo^jucesarhoio 

original clenching. From this level, subsequent clenching of t le fj,oa hAf 

systolic and in diastolic pressures to a peak increase of 11/ w jauscle--, 

the peak increase noted during tlie joint contraction of rigi erm 
namely, 29/18. ^ ^ 

Augmentation of blood pressure in the lying position t®' 

increased involvement of skeletal muscle groups (prOoress 


sion) is further illustrated in Pig. 5. 

An athlete, aged about 20 years, shows normal pressure. reJa.xed perfect// 

fifteen minutes, the record begins with right arm muse es rec 
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muaeteo^l. diastolic prosuies. as well as .irtion potentials from the flexor 

lure Isnnp.flil? upper arm, plotted asalnst lime. Subject is trained to relax: blood pres- 
sistoli<» i.« 1 pressure occurring upon clenching the right fist is augmented, both 

c and diastolic, upon additional voluntarj" conti action in both legs 



-JftSEO-- 
snn^N UCS4UII MMsr 
acwi.fC7— 1 1 — 


Potentlaia’ against time are systolic and diastolic blood pressures, as well as action 

Sustained flexor muscles in the right upper arm and from abdominal muscles. A 

3°*»lnal iaftTm*''T^y®^oh<3 and diastolic pressures occurs with continued contiaction in tlie ab- 
^ clenrivia ^fessure returns to resting levels upon muscul.ir relaxation. "When the right 
legs stiffened as well, the pressuio rise is very dcflnite ; but it becomes 
“‘lion. when, contrary to Instruction, the abdominal muscles are contracted in ad- 

reiaxation, pressure returns to former testing levels. 
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the electrodes in abdominal muscles reveal over 4 microvolts of potential differences. The 
pre.^sure rises from 120/(i7 to 135/78 upon "pulling in” the abdominal muscles, and at 
the end of five minutes (while the arm muscles continue to be relaxed) the pressure reaches 
140/86 a total rise of 20/19. Upon relaxing the abdomen to former levels, a fall occurs 
promptly to 128/68, and after five minutes of continued relaxation, the blood pressure has 
returned to former resting levels, 122/68. The instruction to clench the right fist and to 
stiffen both legs is followed promptly by a rise to 131/77, and when this is continued for five 
minutes, the pressure increases to 144/85, a total increase of 22/17. In addition, but con- 
trary to instruction, ho pulls in the abdominal muscles, whereupon the pressure rises to 
176/110, a total increase of 54/42. While these various muscle groups continue in sustained 
contraction, there occurs at the end of five minutes a fall to 168/95, reducing the total in- 
crease at this point to 46/27. Upon instruction, the abdominal muscles now relax perfectlv 
for the first time in this record, but the right arm rentains somewhat tense; thereupon blood 
pressure falls to 137/84, and after five minutes to 128/72, which is 8/5 higher than before tie 
original voluntary contraction of the abdominal muscles. 

Increased blood pressure following upon “pulling in'’ the abdominal 
muscles may be due, in part at least, to pressure upon abdominal (splanchnic) 
blood vessels. Evidence to this effect will be considered in a later article. 
However, this is probably not the full explanation, for little or no such pres- 
sure on the abdominal blood Amssels occurs if the subject is instructed to make 
the abdominal muscles rigid but Avithout squeezing imvarcts, or if he is m- 
stx'ucted to push out the abdominal Avail by muscular effort; yet these alterna- 
tives are accompanied by rise of blood pressure in various instances recoi e 

during the present studies. . .. ._ 

"When the subject, lying doAvn, engages in a voluntary contraction o oii 
ing a period of attempted relaxation, a rise of pressure is not ° 

notable by ordinary methods of measurement. Sometimes the reasons 
negative results are obscure; at other times the interpretation seems 
evident. A negative instance Avith the subject L., Avhich can be compare 
Pig. 3, folloAVS: 

She fails to relax when requested to do so. Action potentials from the right a . j|j, 
are relatively very high before as well as after she clenches her fist, frequent I ® attemph 
reaching 7 microvolts or more. Toward the end of the initial period of five 

to relax, the pressure is 208/120. Not an increase, but a drop to 197/11 occ 
minutes, during which she has boon clenching her right fist. After five mmu jace 

activity, the pressure has risen to 213/122. She ceases to clench her fist, an 
more to attempts to relax wliich prove unsuccessful; after intervals of five an 
utes, the readings are 219/119 and 210/118, respectively. In short, j^j.glaxation, aP' 
higher during the period of clenching than during the period of ettemp e ^ 
parently because she fails to relax. In the relaxing periods shown in iff- > 
siderably more successful. 

Accordingly, this instance illustrates once more that the httemp 
if unsuccessful, does not characteristically bring Avith has 

pressure, as compared Avith a foregoing period during Avhic i co 

been marked. , contractio'h 

Evidently, if a muscle group has been in a state of mai ^e^^ 
a moderate additional contraction therein may be it is 

apparent in a change in the recorded blood pressure. i bsohite amm'’'*’ 
relatWe degree of augmentation in contraction (not t le a j-esuh®- 

measured in dynes, calories, or microvolts) Avhich shoAVS up 
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A geueralizatiou here, if data were sutTieieiit to permit this, could be expressed 
ill terms analogous to Du Dois-Iieyiuond*s law applied in the iieuromuseular 
field. This accords also with the coininents made previously that after coii- 
traetiou has subsided so that it is minimal, augmentations in contraction are 
accompanied by more obvious rises in blood pressure. 


SU5I.MARY AND COXCLU.SIONS 

Experiments are conducted on 11 subjects with normal blood pressure and 
on 1 with chronically high blood pro.ssure, all of whom relax at least fairly well 
upon request, whether through special training or otherwise. Electrical 
measurements are taken of contraction (action potentials) in various muscle 
groups, while blood pressure is recorded at certain times from the left upper 
arm. 

In an individual otherwise relaxed, successive contraction of a muscle groiiii 
or groups (for example, cleiicliiiig one fist) for periods of several minutes or 
more, and then relaxing completely for similar periods, is frequently accompanied 
by corresponding rises and falls of systolic and diastolic pressures. The extent 
of the relative rise and fall depends not only upon the intensity of the particular 
\ohmtary contraction but also upon the degree and extent of relaxation present 
m the general musculature. No contrasting rise in ])ressure may be evidenced 
if the patient is not well relaxed before he clenches his fist. The addition of 
iMrked contraetiou in other regions (c.g., if he contracts muscles in the lower 
limbs or elsewhere at the same time as lie clcnelies his fist) promotes further 
rise in blood pressure. 

Under the conditions of the experiment, it is evident that emotional factors 
are reduced to a minimum or absent altogether. At the very least it seems safe 
say that no more emotion is present when tlio subject clenches his fist or 
stiffens his legs than when he tries to relax. Evidently, therefore, emotional 
variations do not account for the variations in pre.ssure which correspond with 
variations in skeletal muscle contraction. The indications are that progressive 
fusion in a muscle group tends to elevate systolic and diastolic pressures, 
3iid that this tendency increases if contraction spreads to other groups. Ac- 
cordingly, the present findings lend further support to the view that in in- 
dividuals with normal, as well as with increased, pressure (essential hyper- 
ension), the pressure levels at any instant vary to an important and de- 
crminable extent with the magnitudes of contraction in the various skeletal 

muscles. 
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THE TREAT]\rENT OP EDEMA BY RECTAL ADMINISTRATION 

OP DIURETICS- 


I. Jay Bkight.man, JI.D., and Robert C. Batterje\n, il.D. 
New York, N. Y. 


T he intramuscular and intravenous administration of mercurial diuretics 
has become widely accepted as a reliable treatment for the edema of cou- 
gestive heart failure. It seems generally agreed that undesirable systemic 
or local reactions or subjective syinptoms occur infrequently and are seldom 
of sufficient severity to contraindicate their use. In recent years mercurial 
diuretics have laeen applied in the form of suppositories, with the view ot 
rendering their administration more convenient. It is the purpose of tins 
report to review the literature on mercurial diuretic suppositories to date and 
to evaluate the present status of such preparations for the treatment of edema. 
Results of additional clinical studies will be included. 

Apparently the first report on this method of administration of mercurials 
was published by Natanson^ in 1930. In this study, salyi’gan, which ha e® 
used parenterally for several years, was applied rectally in a glycerin Mc 
In 1934 Engel- reported on the use of mercurint in a cocoa biitter base. 
these two mercurial diuretics have been available as suppositories up 
present time. Subsequent investigations have been concerned ‘ 

with the mercurin suppository. In Table II a summary is given of t ose p 
of which the data are reasonably complete. ^ 

All observers have found that the mercurin suppository 
definite diuresis, comparable to that resulting from the intravenous^. 
tration of mercurials, although in most cases quantitative y c 
Thomson^ obtaiired an avmrage urinary orrtput of 2,360 c.e. on^t le^^ ^ 
ing the administration of suppositories, compared with nveiaoCS^^ salyrgc“i 
2,670 c.c. following the intrav'-eaous injection of meicupruin a 
respectively. Analogorrs data were reported by Fulton an 
and Deehard.® The simrrltaueous administration of aci sa s 
to eirhance greatly the activity of the mercurin suppositories. p^aliard' 
Errlton,"* Parkinson and Thomson,® Thomson,® and -ij,;]! twenty- 

1 . . invo-P V snent witinu 


j.- X CVX XVXlXkSVXX iXXXVi. JL J ' t 

all observed that the effect of the suppository was large yspci 
four hours, but on the other hand, Peters^ found that the dmr 
lasted for forty-eight hours. 


occasio 


nally 


Rapidity of absorption has been 


demonstrated by Fulton,^ ParDn®® 


ani 
the 

li'jjiiuii iitio ^ cases ^ ^ 

Thomson,® and BngeP who observed active dim esis ev en jj^aicine 

•From the Department of Thera^utics, Nmv Yoik j^Tg,v Yo'' 

the Third Medical Division of Bellevue Hospital (New VorK u 

Received for publication, September 13, 1939. vurope as novurit. 

.fThis preparation, as well as mercupurin, is Unown 
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suppositories were retained for only fifteen minutes to two hours. There is, 
of course, no evidence that absorption is always, or even usually, so rapid. It 
may be pointed out here that the majority of workers found the diuresis to be 
greater when a cleansing enema or an aperient preceded the administration 
of the drug. 

Failures to obtain diuresis following the insertion of the suppositories 
have been comparatively few, although it is possible that all the failures may 
not have been reported. Thomson’ obtained no diuresis in 12 of 200 instances 
in which suppositories were administered to 11 patients. Pulton’ reported 
only 1 patient in a series of 25 who failed to respond to mercnrin suppositories, 
although diuresis was obtained in this individual after parenterally adminis- 
tered mercurials. There were also 6 jratients in his series who did not respond 
to either method of administration. It should be noted that, as with parenteral 
diuretics, patients whose edema was the result of cirrhosis of the liver usually 
were less responsive than those with edema of cardiac origin. 

Engel*’ * has shown clinically that the excretion of mercury following the 
use of suppositories is quite irregular. This has lieen confirmed experi- 
mentally.’" 

In contrast to the marked unanimity of opinion concerning diuretic 
efficiency, there is considerable disagreement regarding the local toxicity 
of mercurial suppositories, Kiseh,” Christian,” Klecberg,” Herrmann and 
Dechard," and Caughey” appai'ently observed neither subjective symptoms 
nor objective signs. Pulton,* Parkinson nad Thomson," Tliomson," Engel," and 
Wuhrmann'" reported complaints of slight rectal burning, mild diarrhea, or 
desire for defecation, but considered these insignificant. Plexner’" found that 
irritation occurred only in two cases of his series, and attributed this to the pres- 
ence of hemorrhoids. 

On the other hand, Natanson,’ Dennig and Krause,” Budnitz,” and Peters" 
’e attached more significance to the occasional occurrence of rectal burning, 
iseomfort, tenesmus, and diarrhea. Alt of these workers have resorted to the 
nddition of anesthetics or other agents to the suppositories in more or less suc- 
cessful attempts to relieve the subjective symptoms. Even Engel," who con- 
ei ered the to.xicity of the suppositories slight, found it desirable to use tincture 
° npium to relieve pain and discomfort. Purthermore, Engel" tested a sup- 
pository in which theophylline was combined with mercurm, but noted no change 
w the degree of irritation. Most clinicians agree that inflamed hemorrhoids, anal 
^sures, or proctitis are contraindications to the use of mercurial suppositories. 

-illl the clinical reports cited concerning the local toxicity of mercurial 
f ®ositories have been based, so far as it is possible to determine, on the sub- 
IWive symptoms of tbe patients to whom they were administered. Knowing 
. , “urcurin and salyrgan may cause local irritation and necrosis when ad- 
uiiistered intracutaneously or iiitvainuscularly,^® JJoGralt, Cowett, and Batter- 
'"mi,"" and at about the same time Crawford,"' performed proctoscopic examina- 
“"s on patients before and after suppositories were inserted. The results of 
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this work, of wliicli a siiinniary js jjiveii in the first four rows of Table II, intli- 
cated tliat (lie subjective symptoms may be a('comj)anie(l I)y visil)Io rectal 
pathology. Out of a combined total of 34 pationt.s wlio received tJie salyrgan 
suppository, 14 (41 per cent) sliowed rectal irritation, and 5 (15 per cent) 
definite ulcerations. No ulcerations were observed after tJic use of the mereurin 
suppository, and only 4 out of 31 patients (13 per cent) exhibited injection of 
the mucosa. 


T.^ble II 


CoirpARisoN OP Proctoscopic Fixdixcs Aftep. Kectvl Admixistratiox of ilERcuRiAL 
Diuretics in Max 


DRUG 

xo. 

PATIENTS 

NO. AVITII 

SUBJECT1A*E 
SA'iIl*TOMS, 
BURNING, ETC. 

PllOCTOSCOFIC 

OB.SERVATIONS 

NO. PATIENTS 

AVITU 

svMProjrs 

OF ANY KIND 

NO. WITH 

INJECTED 

MUCOSA 

NO. WITH 

ULCERA- 

TIONS 

Mereurin (Crawford) 

10 

Not reported 

4 

0 

4 

Mereurin (DeGraff) 

15 

5 

0 

0 

5 

Salyrgan (Crawford) 

10 

Not reported 

9 

o 

9 


18 

10 

3 

3 

10 

modified salyrgan 

30 

4 

o 

0 

4 


From this review of the literature tlie following conclusions are readied: 
(1) The mereurin suppository is a useful diuretic. Its effectiveness is less tiian 
that of eitlier salyrgau or mereupurin administered j)arenterally. Its action is 
enhanced by premedieation with ammonium chloride and by previously empty- 
ing tlie bowel by means of an aperient or enema. Insufficient publislicd reports 
are available to warrant a statement concerning t)ie diuretic etfieiency of tlie 
salyrgan suppository. (2) Salyrgan is capable of producing distinct lesions 
in the rectal mucosa as well as pain, diai*rliea, and tenesmus. SIcreurin, while 
seldom producing demonstrable changes in tiic mucosa, occasionally gives rise 
to the same subjective symptoms. The pre.sciice of rectal pathology should be 
considered a contraindication to the use of these drugs in the form of supposi- 
tories. 

In an effort to overcome tlie irritating propci'ties of the salyrgan supposi- 
a number of modifications were tested experimentally in this laboratory. 
The results, which have been reported elsewhere,*® indicated that a preparation 
composed of an equiinolecular mixture of saij'rgan sodium theophylline and 
salyrganic acid theophylline was the most advantageous. This drug, which will 
tjo called “modified salyrgan suppository,” was found (in contrast to mereurin 
and salyrgan) to cause practically no rectal irritation in animals and to give 
dse to a twenty-four-hour urinary excretion of mercury which was equal to that 
alter salyrgan. 

Because tliese favorable results Avere noted experimentally, it was felt that 
•clinical investigation of its local toxicity Avas Avarranted. Furtlier, the diuretic 
activity of the modified salyrgan and of mereurin suppositories Avas studied in 
patients with congestive heart failure. 

Clinical Study of the Local Toxicity of the Modified Salyrgan Suppository.— 
Thirty-six patients Avere chosen, regardless of clinical diagnosis, the only 
criterion being that they Avere in a satisfactory condition to alloAV proctoscopic 
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Table III — Cont’d 


CASE 

NO. 

DIUHETIC 

DATE 

AMM. 

CHLOIUDE 

QM. 

INITIAL 

WT. 

WT. yiRST 

DAV 

LOSS 

FIRST 

DAY 

MAX. 

LOSS 

DAYS RE- 
QUIRED 
FOR LOSS 

14 

Al. S. S. 

9/30 

G.O 

my. 

110 

1% 

4% 

Q 


il.— 2 c.c. 

10/12 

6.0 

107 

94 

13 

? 

f 


JI. — 2 c.c. 

10/13 

6.0 

94 

90 

4 

4 

1 

15 

M.— 2 C.C. 

8/ 5 

3.0 

143 

132 

11 

11 

1 


il. S. S. 

8/17 

3.0 

MS 

135 

3 

3 

1 


il. — 2 C.C. 

8/22 

3.0 

139^2 

131% 

8 

8 

1 


il. S. S. 

8/29 

3.0 

139y. 

138% 

1 

3% 

2 


il.— 2 c.c. 

9/ 2 

3.0 

M7y. 

Ml* 

0V2 

6 V 2 

1 


il. S. 

9/13 

3.0 

139 

138 

1 

2 

2 

10 

il. S. S. 

12/14 

3.0 

134 

130 

4 

8 

0 


il.— 2 C.C. 

12/17 

3.0 

123 

113 

10 

10 

1 

17 

M. — 2 c.c. 

12/13 

3.0 


156% 

7 

8 

2 


il. S. S. 

12/19 

3.0 

157V2 

157 

¥• 

V 2 

1 


il. S. S. 

12/21 

3.0 

issy. 

IGO 

- 

0 

- 


S. T.— 2 c.c. 

12/00 

3.0 

100 

15G 

4 

4 

1 


U. S. S. 

12/26 

3.0 

158 

154 

4 

6 

2 

18 

M.— 2 c.c. 

12/12 

3.0 

128 

125 

3 

3 

1 


M. — 2 c.c. 

12/14 

3.0 

128 

124 

4 

4 

1 


il.— 2 c.c. 

12/17 

3.0 

127J/^ 

122% 

5 

5 

1 


il.— 2 c.c. 

i/n 

3.0 

145 

137 

S 

S 

1 


ai. S. S, 

1/10 

3.0 

141 y. 

143 


0 



if. S. S. 

1/18 

3.0 

145 

143 



1 


S. T. — 2 c.c. 

1/21 

3.0 

i45yj 

140% 

4 

4 

1 


M. S. S. 

1/23 

3.0 

142 

142% 


0 

1 


if. — 2 c.c. 

1/24 

.3.0 

142% 

134 % 

8 

10% 



if. S. 

1/28 

3.0 

139 

139% 

- 

0 

1 


M.— 2 c.c. 

1/29 

3.0 

139% 

131 

m 

8% 

1 


U. 8. S. 

2/ 3 

.1.0 

137% 

137 


Vs 

1 


S. T.— 2 C.C. 

2/ 4 

3.0 

137 

130% 

oy. 

7% 

2 


if.— 2 c.c. 

2/ 8 

3.0 

134 

130% 

3>/c 

m 

1 

19 

M. 8. 8. 

3/ 1 

3.0 

163 

157% 

5% 

G 



if. 8. 8. 

3/ 8 

3.0 

160 

156% 


svj 



M. 8. 8. 

3/22 

6.0 

185% 

184 

lyj 

IVs 

1 


if. s. 

3/27 

6.0 

185 

178 

7 

7 

1 


M. 8. 8. 

3/31 

G.O 

181 

177 

4 

4 

1 


if. s. 

4/ 4 

G.O 

178% 

172 

6 V 2 

BVs 

1 

21 

U. 8. 8. 

3/31 

3.0 

147% 

146 

1 % 

1% 

1 


Table IV 




CASE 



AMAt. 

AVERAGE URINARY 

URINARY OUTPUT 

DAYS 

No. 

DIURETIC 

DATE 

CIILOIUDE 

OUTPUT IN C.C. 

IN C.C. .VFTER 

REQUIRED 




GM. 

BEFORE DIURETIC 

DIURETIC 

FOR LOSS 

-2 

if. S. S. 

11/17 

3.0 

958 

2,083 

1 


M. 8. S. 


3.0 

1,283 

2,775 

1 


M. 8. S. 

11/23 

3.0 

1,250 

2,425 



if . — 2 c.c. 

11/26 

3.0 

965 

3,540 

1 


if. s. s. 

11/27 

3.0 

686 

1,920 

1 


S, T.-2 C.C. 

12/ 2 

3.0 

611 

2,100 

1 


M. S. 

12/ 6 

3.0 

794 

1,010 

- 


8. T .— 2 C.C. 

12/ 9 

3.0 

660 

2,100 

1 


if. — 2 c.c. 

13/13 

3.0 

868 

2,330 

1 


if .— 2 c.c. 

12/16 

3.0 

795 

1,900 

1 


if . — 2 c.c. 

12/21 

3.0 

745 

2,950 

1 
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c'xiuiiination. A history with relerciicc to jircvioiis rectal disease was carefully 
recorded, and the presence of heniorrlioids, fissures, and other lesions was 
noted. Proctoscojiic examinations'^ were made .shortly after a cleansing enema 
and before the suppositories were inserted. The patients were instructed to 
avoid defecation, if possible, for twenty-four hours. Proctoscopic examina- 
tions ivere repeated in each case twenty-four hours after the administration 
of the mercurial. Routine urine examinations for albumin and formed ele- 


ments ivere in every instance essentially negative. 

Of the 3G ])atients studied, 4 complained of a burning sensation following 
the insertion of the suppository. Upon iiroctoscopy, one of this group of 4, 
and one other who had had no subjective symptoms, exhibited definite injec- 
tion of the rectal mucosa. No instances of ulceration were observed. Exam- 
ination before administration of the drug revealed internal hemorrhoids in 
each of these 5 patients. The results, however, cannot be assigned entirely to 
the initial pathology, for 12 otlier cases with hemorrhoids, 2 of which weie 
ulcerated and one case with anal fissure, ivere entirely free from symptoms, 
and the rectal mucosa appeared unclianged. AVhile it is not advisable to use 
any mercurial suppository in tlie presence of ulcerated hemorrhoids and ana 
fissures, the absence of toxicity in the foregoing cases emphasized the ou 
degree of irritating properties of the modified salyrgan suppository. 

The results are summarized in the last row of Table II and are thus com- 
pared with those obtained under similar condition of study for salyipiu 
mercurin. It is evident that the modified salyrgan suppository is is me ) 
superior to the original salyrgan .sujipository, and is at least no moie nri a t, 
than the mercurin suppositoiy. 

Clinical Sludij of Diurelic Fotcnci/ of Modified Salyrgan Mocutin I 
positories . — The diuretic effectiveness of mercurin and modified sa 
posilories has been investigated in 22 patients with congestive heai 
The mercurin suppositoiy contains 200 mg. of mercury, and ^ 
salyrgan suppository,! 158 mg. of mercury. The suppositoiies 
istered only after the patients had had a preliminary perio o e 
the weight had become constant. In those receiving digitalis, t e 
not given until complete digitalization was obtained and the iveio 
constant on a maintenance dosage. In following the diuietic 
found to be more accurate to follow the daily weight cuive, as jjie 

far less than the urinary output. It also was a good guide in ]jeen 

amount of fluid available in the body for diuresis. It ami 

emphasized-- that the range between the xveight before anc a indi- 

the level obtained xvhen the patient is edema-free, is the es 
cator for the effectiveness of a diuretic. Patients weie jjjjjjlje 

time each day on a scale accurate to 2 ounces. T le ( ai ^ 
was limited to 1,200 c.c., and the salt intake xvas daily, 

moniuni chloride was given to 16 patients in doses o ^ ^ 

nve are indebted to Dr. Max P. Cowett. miny of 'thes^e W 

Bellevue Hospital, for his interest and kindness in sui^e uge “T’ 

•fThe mercurin suppository was the , *iAsitory was supplied by 

Campbell Products. Inc. The modifled salyrgan suppository 
Chemical Co. under the research number ST 3815. 
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Three hours after a cleansing enema, the suppository was inserted and 
the patient was advised to retain it as long as possil)le. In none of the cases 
was the suppository expelled in less than six hours, and in most of them it was 
retained almost twenty-four hours. 

The protocols are presented in Tables III and IV. The mercurin suppository 
was administered 23 times to 14 patients, and the modified salyrgan suppository 
was given 24 times to 12 patients. 4 patients receiving both preparations. 
Seventeen patients also received mercurial diuretics intravenously. In 8 of 
these the suppository was given prior to the parenteral therapy. 

A loss of at least 3 pounds in hodj- weight within forty-eight hours of the 
administration of the diuretic was considered a significant response. In one 
patient who was too ill to be weighed and for whom the daily urinary output 
had to be relied upon to determine diuresis, a urinary volume of twice the 
basal level was considered significant. 

A summary of the responses to the trials with the mercurial diuretics is 
presented in Table V, The percentages of significant diuretic rcsiionscs with 
both types of suppository are definitely low compared with that of the 
parenterally administered diuretic. These results would indicate that while 
good diuresis may follow the administration of a mercurial diuretic in the 
form of a suppository, it could be depended upon only in CO iier cent of the 
cases. 

Table V 


SuMuAp.y or Trials With Mercurial Diuuetks Siio\\jn<. Total .'=«igxifi{'\xt Itrsro.xsEs 
Salyrgaa theopliylUne was employed intravenouvly 5 tiino' dursn" the t-tuily, hut because of 
the small number of cases, tabulation of the results is omittoil. 


DIURETIC 

TRIALS 

mrumc 

RESIHIXSE 

KAII-URES 

1»ER CKN'T 
SITPESSES 

■ilercurin suppository 

23 

14 

9 

G0.8 

Modified salyrgan suppository 

24 

14 

no 

5S..'} 

•ilercupurin, intravenously 

41 

39 

2 

95.1 


In the majority of cases the diuresis was complete within twenty-four 
hours. However, in eight instances following a<lmini.stration of cither sup- 
I'o.sitory, a further loss of 2 pounds or more within the ne.xt twenty-four 
flours, and in one instance a loss of 8 ]>otind.s during tiic next forty-eight hours, 
^^ore noted. Following intravenous administration, tiiere were two instances 
“I significant weight lo.ss during tlic second twcnty-fonr-lionr period. 

One patient resiionded to suppositories witli significant diuresis after 
ammonium chloride tiierapy had been started, wliereas earlier trials liad licen 
misucce.ssful. While we are in agreement witli otliers that acid salts eiihanec 
I'm action of mercurial diuretics, several failures to respond to mercurial 
snppositories occurred during tlic administration of ammonium chloride. 


Evidences of Renal Irritation . — Two patients showed changes in tlie urine 
during these investigations. Case 4, a 74-.vcar-o]d man witli arteriosclerotic 
and hypertensive lieart disease, showed increasing allniminuria after tlie tliird 
''mvciirin suppository and, following the first intravenous iii.iection of meren- 
putin three, days later, developed marked albuminuria, innumerable hyaline 
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and granular casts, and white blood cells. The patient died suddenly three 
weeks later. At autopsy, the kidneys were normal, grossly, but micro- 
scopically the collecting tubules exhibited an occasional calcium deposit in 
their walls. Case 5, a 38-yeax*-old man with active rheumatic heart disease, 
showed similar urinary changes following an intravenous injection of mercu- 
purin, given three days after a mercurin suppository had proved inetfective. 
Cessation of the use of all mercurial diuretics resulted in a return to normal 
within three weeks, after which time mercupurin was repeated with resulting 
good diuresis and absence of evidences of renal irritation. 

DISCUSSION 

The mercurin and modified salyrgan suppositories have been shown to 
produce minimal demonstrable changes in the rectal mucosa, although they 
may at times produce local discomfort and burning. 

The mercurial suppository is an efficient diuretic, but it can be depended 
upon only 60 per cent of the times it is administered. The results with the 
modified salyrgan suppository are less striking than those produced by the 
mercurin suppository, but it must be remembered that the former contains 
158 mg. of mercury compared to 200 mg. in the latter. 

The problem arises as to what further therapy would be advisable should 
the suppository fail to promote diuresis xvhere this is imperative for the wel- 
fare of the patient. If diuresis does not occur, it is interesting to speculate 
that possibly that mercury absorbed from the rectum continues to accumu- 
late in the kidney in amounts that normally would have been exciete . 
Therefore, if a parenteral diuretic is subsequently given, additional mercury 
reaches the kidney and may be sufficient to produce tubular damage. T e loi 
patients presenting evidence of renal irritation, when an intravenous 
was given three days after the suppository, may represent examples o sue ^ 
an occurrence. Therefore, it is to be emphasized that, if the diuresis is^i^^^ 
satisfactory after the rectal administration of a mercurial diuretic, t e Pj 
teral route should be resorted to only after an appreciable time in 
elapsed to alloiv the body to care adequately for the previous y u 
mercury. 

SUMJLVRY 

1. The mercurin and modified salyrgan suppositories pioduce on y^ 
imal changes in the rectal mucosa, but they may occasionally cause 

comfort and burning. _ linicahy 

2. Mercurial diuretic suppositories may produce a definite an 
effective diuresis, but their dependability is only 60 per cent. .^.j^ygnously 

3. The possible danger of administering a mereui-ial diure ic u 

soon after a suppository is discussed. ■nvestigatio''s 

We are very grateful to Dr. Arthur C. DeGraff under whose guid 
were conducted. 
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TPIE EXCRETION OF SQUASH SEED GLOBULIN AND BLOOD 
PROTEINS IN THE URINE AFTER INTRAVENOUS 
INJECTION OP CRYSTALLIZED SQUASH 
SEED GLOBULIN® 


Cecil C. Harvey, Chicago, III. 


'T'HE fact that the jiareiiteral injection of foreign iiroteins into animals 

causes proteiiinria has been recognized for some time. Since Berzelius’ 
observation of this phenomenon, a number of studies of the effect of the in- 
jection of foreign protein Inave been reported in the literature. Inasmuch as 
the literature on this subject has been recently reviewed by Briggs,^ only 
those papers more specifically related to the iiresent discussion will be cited 
here. In summary, it may be stated that most of these previous investiga- 
tions have been carried out with complex mixtures of antigenic proteins, such 
as egg white and blood sera. The excretion of tn’oteins was tested for, in al- 
most all cases, by means of chemical tests which are not sufficiently delicate 
to detect very small traces of protein, and are not, except in rare instances,! 
capable of identifying the protein. It seemed desirable, therefore, to stud} 
the elimination of a pure protein and to investigate at the same time the ex- 
cretion of blood proteins following the injection of the foreign protein. Um 
such studies have been carried out in this laboratory, one using crystallized 
ovalbumin, the other using crystallized scpmsh seed globulin for injection. 
The two studies were carried out for the most part simultaneously and, as 
far as possible, by the use of similar techniepies. The excretion of proteins 
in the urine of injected dogs was followed by testing for the injected 
and for dog serum albumin and pseudoglobidin by means of the piecipi 
reaction. 

The results of the iiwestigation using ciystallized ovalbumin ® j 
been reported by Briggs.^ The results of experiments with crysta iz^ 
sciuash seed globulin are reported in this paper. This protein had 
viously been used in this type of study. Two somewhat similai pij^ 
edestin and excelsin, were used by Mendel and Rockwood,^ who j,j. 

they were not excreted in unchanged form. The tests used by 
vestigators, however, were not capable of detecting very small tiace 


♦From tlie Department of Physiological Chemistry, College of Jlef icine 
of Illinois, Chicago. 

Keceivetl for publication, September 14, 1939. leductions to be ip'.^ 

tin some cases tiie protein used for injection anowed more speci c g^i^ble 
Thus Pavy.=* after the injection of isinglass, detected both of globi" 

the urine. Parisot and his co-workers-'> were able to show the e. 
proteins following the injection of globin. 
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PliEPAIlATION OP MATKKIAI. 

The proteins used were prepared in as pure a form as possible. Crystal- 
lized squash seed ^vas jirepared according' to Osborne’s method, ■* 

and purified by four recrystallizatioiis. Tlie blood proteins were prepared by 
AVelker’s method.^ All antisera for tlicse proteins were obtained by intra- 
muscular injection of rabbits with the individual proteins adsorbed on alu- 
minuni hydroxide, according to the method of Hoktoen and Welker.® Each 
antiserum had a titer of at least 1 :100,000, and was specific for the antigen 
used in its preparation. 

PRECIPITIN TESTS 

All precipitin tests were made by the contact layer method. A drop of 
the solution to be tested in progressive dilutions was layered over a drop of 
antiserum, and the Iiighest dilution of the .substance which would give a white 
band precipitate at the point of contact after standing for one hour at room 
temperature wa.s determined. 


nrJIF.DIATE EFFECT OF A FOREIGN PROTEIN ON THE KIDNEY 

In order to determine the immediate effect of a foreign protein on the 
kidney of the dog, three medium-sizod dogs were injected with crystallized 
globulin, and urine specimens were collected for an hour. This was ac- 
complished by inserting a No. 8 hard rubber cathetei' into the bladder of a 
male dog, and after a preliminary period of ton to twenty minutes, introducing 
10 e.c. of a 1 per cent solution of crystallized .scpiash seed globulin in G to 7 
per cent sodium chloride solution into tlie lesser saphenous vein. The urine 
excreted over short time intervals was collected and tested by the precipitin 
I’eaction for the presence of crystallized squash seed globulin, dog scrum 
pseudoglobulin, and dog scrum albumin. In all three experiments the urine 
before the injection of the foreign protein gave negative tests for both dog 
blood proteins. The results of these experiments are summarized in Table T. 


Table I 

tniE OP Initial Appearance of Proteins in the Urine Following the Injection of 
Crystallizcp Squash Seed Globulin 


BOG 

WEIGHT IN 

KO. 

MINUTES AFTER INJECTIO.N OF SQUASH SEED 
GLOBULIN BETORE APPEARANCE OF 

CRYSTALLIZED 
SQUASH SEED 
GLOBULIN 

SERUM 

PSEUDOGLOBUr.IN 

SERUM 

ALBUMIN 

'~3I 

32 

_33 

8.2 

6.4 

6.8 

7 

10 

5 

7 

10 ' 

14 

15 
.') 


of Repeated Injections of a Pure Foreign Protein on the Elhnina- 
0/ the Foreign Protein and the Blood Proteins. — Male dogs, weighing 6 to 
were used as experimental animals. During the period of injection the 
Were kept in metabolism cages on a complete diet, and the urine was col- 
^ cd Under toluene. Each series of injections was preceded by a control period 
from ten to eighty days. During the control period the animals were 
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kept uiidei cxperiiBeiital conditions, und occasional samples of urine were col- 
lected and examined for tire presence of dog serum pseudoglobuliii and dog 
serum albumin. 

One per cent solutions of crystallized squasb seed globnliii dissolved ia 6 to 
7 per cent sodinm chloride solution were injected into the leg veins. The injee- 
tions were repeated within two to six days, so that the physiologic action ivoaU 
take place in an immune, rather than a sensitive, animal. After the completioa 
of the series of injections, the dogs were kept in stock pens, or cages, and re- 
turned to the metabolism cages occasionally for periods of observation. The 
urine specimens wei’e filtered and tested bj' the preeipitin reaction for the pres- 
ence of crystallized squash seed globulin, dog serum pseudoglobulin, and dog 
serum albumin. 

Ten adult male dogs and one female puppy were given 4 to 35 injections of 
crystallized squash seed globulin. The duration of the injection period was 
determined the effect of the solution injected on the veins of the dog's kgs. 
In some animals the solution caused rapid occlusion of the vessels; in othere 
this action appeared more slowly. The animals may be divided into the follow- 
ing groups : 

Group 1. — Dogs 1, 2, 3, 5, and 10 received from 64 to 152 c.c. of 1 percent 
scpiash seed globulin in from 6 to 13 closes, extending over perio^ of from 
thirteen to ninety-eight days. Dog 4 received 528 c.c. of this foreign protem 
solution in 35 injections during a period of one hundred and five days. 

Group 2.-~Dogs 7, 8, 9, and 11 received from 10 to 72 e.c. of the foreign 
protein solution in from 10 to 20 doses, extending over periods of from ) 
seven to one hundred days. 

Group 3.— Dog 6 received 202 e.c. of 1 per cent squash seed globulin solu- 
tion in 4 injections over a period of ten days. 


Table 11 


BOG 


1 

2 

3 

4 

5 
10 

7 

8 
P 

11 

6 


Kepeated Injection op Crystallized Squash Seed Globdmn 


WEIGHT IN 
KO. 


11.0 

7.7 

11.3 

11.3 

9.1 

10.0 

13.0 

10.9 

5.0 

9.1 
9.3 


NO. OF INJEC- 
TIONS 


8 

6 

7 

35 

6 

13 

10 

20 

5 

11 

i 


amount 

INJECTED IN 
GM. 


0.79 

1.52 

1.44 

5.28 

0.64 

1.05 

0.38 

0.72 

0.10 

0.51 

2.02 


duration op in 
section period 

IN D.V.YS 


24 

21 

13 
105 

14 
98 
57 

113 

21 

85 

10 


■^cRSimTofos- 

period AITK 
UST 

IS D-WS 


7 

33 

r 

53 

33S 


Died 

51 

Died 


Table II shows the amount of squash seed globulin injee e ojiservatk^ 
the duration of the injection period, and tire length of t re per 
following the last injection. 



HARVEY: SQUASH SEED GLOUUUN .VND BLQ> 

EXCRETION or SQUASH SEED GLOBULIN 




In the case of 5 of the 6 clogs of group 1, analysis of the urine excreted 
during the injection period showed that about 35 per cent of the urine samples 
contained squasli seed globulin. In the case of Dog 10, however, only 3 of 57 
specimens gave a positive test for the protein injected. With the dogs of 
group 2, whieli received smaller doses of foreign protein, a smaller fraction 
(about 15 per cent) of the urine excreted during the injection period gave 
positive reactions for the protein injeefed. One dog of this group, Dog 11, 
showed little tendency to excrete squash seed globulin, which appeared in 
but 3 of 48 samples. These results are summarized iu Table III. 


Table III 

Excretion of Squash Seed Globulin 


MG 

NUMBER 
OP TESTS 
MADE* 

POSITIVE TESTS WITH DIFFERENT DILUTIONS 

OP URINE 

TOTAL 

NUMBER 

OP 

POSITIVE 

TESTS 

PER- 

CENTAGE 

OF 

TESTS 

POSITIVE 

UNDI- 

LUTED 


1:100 



1 ' 

54 


4 

4 

1 

2 

21 

39 

2 

2G 

0 

o 

1 



9 

35 

3 

17 

4 

0 



0 

5 

29 

4 

104 

36 

1 

1 


0 

$8 

35 

5 

18 

7 

0 


0 


7 

39 

10 

57 



1 


2 

3 

5 

7 

53 

9 


0 



9 

17 

S 

97 

12 

2 

0 


HH 

14 

14 

9 

IS 

3 

1 

0 

0 


4 

92 

11 

48 



0 

0 

3 

3 

6 

G 

8 

3 

3 

0 

0 

0 

5 

63 


In flffures Include urine excreted for seven days followine: the last injection, except 

wo. cases; Dogs C and 3 died following the last injection, and only one urine sample 

*vds ofitaJned after the final injection. Dog 2 died two days after the final injection. 


Ill the animals of group 1 the excretion of squash seed globulin decreases 
niter the first 3 or 4 injections. This tendency is shown in Table IV. Opie’’ 


Table IV 


Per Cent op Urine Specimens Giving Positive Re.\ctions for Squash Seed Globulin at 
Different Stages of the Injection Period 


DOG 

DURING THE FIRST PART OF 
INJECTION PERIOD 

DURING THE LAST PART OP 
INJECTION PERIOD 

1 

50 

27 

3 

44 1 

13 

4 


27 

5 

55 1 

1 22 


|ins reported similar findings with ovalbumin. He expressed the belief that os 
iwmunization proceeds the injected animal acquires an increased ability to get 
™ of the injected protein. Some of Briggs’ findings’ are in accord with 
'^Pie’s opinion. 

After the final injection of crystallized squash seed globulin, the elimina- 
'on of this protein practically ceases after two to four days. Occasional 
ssoiplea, however, show the presence of the foreign protein for a period of 
'ent to twenty-one days after the final injection. Dog 1 was observed, one 
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Tablu V 




year after the final injection, to resume the excretion of small traces of squasli 
seed globulin in several urine samples over a period of twenty-three clays (see 
Table VI). 

The amount of squash seed globulin excreted represents only a 
part of that injected. The major portion must be either stored in the tissues, 
metabolized in the body, or excreted in a form which does not react with the 
specific antiserum. Such an immunologically altered form might result fi'o® 
the combination of the foreign protein with blood proteins. Welker, Andre^'^i 
and Thomas® have suggested that albuminuria is a result of a protecthe 
mechanism in which toxic substances are combined with blood proteins ffi| ' 
the formation of a foreign jirotein which is excreted. It was not possible in 
this investigation to show that crystallized squash seed globulin formed sue 
combinations. ^ 

Hunter® has expiressed the opinion that the nonexcreted fraction 
parenterally injected foreign proteins is digested by proteolytic 
elaborated by leucocytes. This hypothesis is based on his observation 
during the immunization of rabbits with ox serum and ox serum pm 
each injection was followed by a leucoeytosis which increased wi 
injection. 

EXCRETION OP BLOOD PROTEINS ^ ^ 

Before injection the urine of most of the dogs gave 
one or both of the blood proteins. Such positive tests were obtame 
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the undiluted urine, never, except with Dog G, with urine that had been di- 
luted with 9 or more parts of saline. Immediately after the injection of 
squash seed globulin, the excretion of the blood proteins was increased. This 
increased excretion can be noted in the greatly increased frequency with 
which the urine gives positive tests for the.se proteins, and by the fact that a 
number of samples after injection give positive te.sts when diluted with 9 parts 
of saline ; occasional samples give positive tests when diluted with 99 or more 
parts of saline. The increase in the excretion of blood proteins was observed 
in all the dogs tested. The findings are listed in Table V. This increase in 
the excretion of blood proteins continues after tlie final injection of squash 
seed globulin has been given and the foreign protein no longer appears in the 
urine. 

The excretion of foreign protein was always accompanied by the elimina- 
tion of one or both blood proteins. Two different dogs on one occasion ex- 
creted hemoglobin as well as tlio two plasma proteins. These urines did not 
contain red blood cells nor did they heinolyzc <Iog erytlirocytes. Squash seed 
globulin was present in one of these hemoglobin-containing urines but not 
in the other. 

The excretion of blood proteins continues long after the urine has ceased 
to contain squash seed globulin. Tlie excretion of these proteins cannot bo 
correlated with any known factor. Samples usually contained both blood 
proteins in equal amounts; at times the amount of pseudoglobulin was greater 
than that of albumin, at other times it was less. Some urine specimens con- 
tained only one of the serum proteins, and occasional samples were protein 
free. The ratio in which these proteins were excreted was not related either 
to the difference in their molecular size nor to the difference in their eon- 
Oentration in the blood. The process, therefore, cannot be considered as one 
of simple filtration. 

Table VI gives the result.s of the urine analyses of Dog 1. The results 
ore, for the most part, typical of those obtained with the animals of group 1. 

The amounts of protein found in these urines were too small to be de- 
tected by the usual chemical tests and would not be considered clinically 
as pathologic. On the occasions when hemoglobin was excreted, the con- 
dition Was only transitory and cleared up within a few hours. The histologic 
examination of sections of liver, spleen, and kidney showed no changes which 
eouia be attributed to the experimental procedure. These results are similar 
to those obtained by Briggs' in her study with ovalbumin. Brull'“ has found 
that ilog,s can excrete egg white for weeks without presenting a siibsequenl 
tendency to true proteinuria. 


SUMMARY 

The injection of crystallized squash seed globulin into the blood of 
'^"'itnn-sized dogs was followed by its appearance in the urine within five 
“ ten minutes. It continues to he excreted for a period of twenty-four to 

seventy-two hours. 



Table VI 


Excretion op Squash Seed Globulin and Blood Proteins Following Intravenous Injec- 
tion OF Crystallized Squash Seed Globulin (Dog 1) 








Table VI— Cont^b 


TIME AFTER 
INITIAL INJECTION 
IN DAYS 


AMOUNT OP 1% 
CRYST. SQUASH 
SEED GLOBULIN 
INJECTED IN C.C. 


J = No reaction. 

undiluted urine. 

3 — specimens through the 

specimens through the 
5 — Poo all specimens through the 

•reaction in all specimens through the 


CRYST. SQUASU 
.SEED GLOBULIN 

SERUM 

PSEUDO- 

GLOBULIN 

0 

1 

o 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

o 

0 

1 

0 

1 

0 

1 

0 

1 

0 

2 

2 

o 

1 

2 

0 

2 

0 

2 

0 

O 

0 

2 

1 

] 

0 

2 

0 

0 

0 

0 

0 

1 

0 

2 

1 

2 

1 

2 

1 

2 

0 

2 

1 

2 

1 

0 

1 

1 

0 

2 

0 

1 

0 

2 

0 

o 

0 

1 

0 

1 

0 

1 

0 

2 

0 

1 

1 

1 

0 

1 

0 

1 

0 

1 

0 

2 

0 

1 

0 

2 

0 

1 

0 

2 

0 

2 

0 

2 

0 

2 

0 


0 

2 

0 

2 

0 

1 

0 

3 

0 

2 


1:10 dilution. 

1:100 dilution. 
1:1.000 dilution. 

1 ‘10,000 dilution. 
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Following repeated injections, the aiiionnt of squash seed globulin ex- 
creted tends to decrease. Some foreign protein is excreted at irregular inter- 
vals after the last injection. 

The amount of squash seed globulin excreted represents only a small 
portion of that injected. The larger portion could not be accounted for. 

The appearance of squash seed globulin in the urine was always accom- 
panied by either serum albumin or serum pseudoglobulin, or both. Repeated 
injection of squash seed globulin did not cause an increase in the amount of 
sex’um proteins excreted. 

The injection of crystallized squash seed globulin into medium-sized dogs 
caused neither immediate kidney damage nor had a cumulative effect on the 
kidney. 

1 wish to express my appreciation to Dr. AVilliam H. Welker for his ad- 
vice in the conduct of this investigation and to Dr. George Milles for his kind- 
ness and cooperation in examining the histologic material. 
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THE PASTING EXEKCISE BLOOD SU(!AR CURVE: A GUIDE 
FOR THERAPY IN DIABETES IIELLITUS* 


WlLLIAJI S. Reveno, i\r.D.. DeI'ROIT, llicii. 


I NCIJBASING expent’iiee with protamine ziiu* insulin lias broiiglit into sharp 
relief a difference in its effectiveness in persons with mild and severe 
diabetes. The degree of severity seems to he a iiasic factor in this form of 
therapy, and it appears that l)y measuring it, a guide for tlie efficient use of 
protamine zinc insulin might be established. 

Efforts toward determining the type of diabetes were made long before 
the introduction of the longer lasting insulins. PetreiP early observed that in 
some diabetic persons the blood sugar curve tended to droj) toward the after- 
noon, irrespective of meals, Schmidt- classified diabetic persons as insulin 
sensitive if they were asthenic, and as insulin insensitive if they were sthenic. 
Himsworth® and JlacBryde* developed insulin sensitivity tests designed to 
differentiate good from pooi' responses to standard insulin. IClatskin,® how- 
ever, has recently pointed out that the division of diabetic persons into rela- 
tively insulin sensitive and resistant groups is an artificial one, while Josliu 
feels that it is not so simple to classify persons with diabetes. 

Of particular interest is a practical method proposed by Seyderhelm and 
Oesterich® for predetermining the need for standard insulin. Diabetic pa- 
tients were given a small carbohydrate meal the evening before, after the 
first blood specimen the following morning, and again at noon. Blood speci- 
mens were taken while fasting in the morning, and before the noon and evc- 
Jfing meals, and the values were plotted as the pattern for the particular pa- 
tieiit. Those showing a distinct reduction in the noon value were consideied 
firnign and did not require insulin. AVhere the curve followed an ascending 
course, the diabetes was severe and required insulin. 

l\Iore recently, Greeiie’^ has conducted fasting blood sugar studies which 
offer a rational basis for grading the severity of diabete.s and determining 
Ifie potential response to protamine zinc insulin. Three types of blood sugai 
patterns were observed : (1) tliose in which all readings were within normal 

(2) those in which the first reading was above normal, with a drop in 
subsequent determinations on continued fasting; and (3) those in which the 
fi^st reading was above normal, with a rise in subsequent determinations on 
prolonged starvation. In group 2 it was evident that endogenous insulin was 
available, while iu group 3 it was lacking. The former, persons with mild 
(liabetes, would do well on Allen’s starvation regime, while tlie latter, persons 
m ore severe diabetes, would require insulin. 

‘From the Dcp.irtinent of Medicine, H.irpcr Hospitol, Detroit. 

Itecolved for publication, September 14, 1939. 
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From these observations of Greene and the studies of Seyderhelm and 
Oesterich, it was believed that a method might by devised whereby the 
severity of diabetes could be gauged and the response to treatment with 
protamine zinc insulin could be predicted. Since Greene’s classification of 
diabetic persons studied during starvation appears fully as adecpiate as that of 
Seyderhelm and Oesterich, Avhose patients were given small carbohydrate 
meals, it was decided to develop patterns during starvation. Hmvever, a 
shortening of the time allotted for the study of each patient seemed desirable 
both from the practical standpoint and for the protection of the severe diabetic 
person from serious acidosis. Observation soon disclosed that patients could 
comfortably tolerate a six-hour period of study without undue risk and with 
no added harm if they were allorved to exercise or to continue at their regular 
work. The addition of this latter factor, exercise, served to emphasize the 
distinction between the mild and the severe forms of the disease, since it has 
been shown by Marble and Smith® that exercise increases the consumption of 
sugar in normal loersons and in patients with mild diabetes, and decreases it in 
persons with severe diabetes. 


Table I 



T* X' flip response te 

As for the usefulness of the procedure in predicting gjjaracteroi 
protamine zinc insulin, it was felt that those patients, who by t 
their response possessed an available supply of endogenous insii 
adequately controlled by diet with or without a single daily c ose 
zinc insulin. Those who showed a lack of endogenous msii n 


controlled in this simple manner. ^ patient ap- 

When put into use, the method consisted in having the fas 
pear in the morning for three blood specimens to e , a v 
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intervals. Studies on 50 diabetic persons were carried out. The results 
together with the type of therapy that controlled the diabetes adequately are 
presented m the accompanying tables. The fifteen patients in Table I ran-e 
in age from 41 to 66 years. The highest initial blood sugar level is 280 and 
he lowest IS 80 mg. per cent. All show a descending level from the initial 
lie ermination, indicating an ability to produce endogenous insulin; hence a 
mild degree of diabetes controllable by diet alone. 

Patients 3, 7, 8. and 15 show figures altogether within normal limits, 
hese patients had been on restricted diets for varying periods, and the 
diabetes was controlled before the tests were performed. Here the results are 
similar to those in normal persons and indicate only adequacy of control. 

An estimate of the severity of the disease can obviously not be made 
w en the test is performed on patients under treatment. This is further borne 
out 111 Table II. Patient 49 was being transferred from regular insulin to 
protamine znie insulin, and at the time of the test was receiving 25 units 
pro amine zinc and 10 units standard insulin. IVhile the curve descends 
rom a high initial level, indicating a mild grade of diabetes controllable by 
pro amine zinc insulin alone, it has obviously been influenced by the adinin- 
ere insulin and fails to give a true picture. This patient has actually re- 
quired the combined use of standard and protamine zinc insulin for control, 
e second patient, receiving 20 units protamine zinc insulin daily, shows 
gures within the normal limits, the curve simulating that of the normal 
Porson and indicating satisfactory control by diet combined with one dose of 
protamine zinc insulin. 


sc iiicludes 19 patients showing patterns in which the curve de- 

Mn s from an initial level higher in most instances than those in Table I. 

t cse patients wore properly controlled by diet combined with one daily 
jectlou of protamine zinc insulin. An exception is noted in the case of 
pa lent 30, whose three-hour level is higher than the initial determination, 
that hospital recovering from acute pyelitis. It is probable 

e infection distorted the curve, giving it the appearance of that found 
^'"tth severe diabetes. Patients 19, 20, and 27 present flat curves, 
.. the values much higher than the normal. These patients have a 

form of diabetes controllable by diet alone. A single daily dose of 
ref insulin is being given to keep them aglycosuric since they 

within dietary bounds. Here the studies, having established 
1 ness of the disease and its potential control by simple measures, serve 
an aid in detecting dietary disobedience. 

arf In patients ranging in age from 20 to 82 — 5 being below 

P^t’ ' show a uniformly ascending type of curve. 

2 ^^ *^nts 39 and 40 show the first two figures of equal value and the third 
I** shows the last two figures higher than the first. Patients 

m'd * show the middle figure highest. Patients 45 and 46 show the 

tr n ? lower than the others. None of these patients could be con- 

by diet alone or combined with a single dose of protamine zinc insulin. 
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Table III 


NO. 

PATIENT 

AGE 

1 BLOOD SUGAR 

TIIEKAI-r 

INITIAL 

AT 3 HE. 

AT 6 HR. 

16 

E. S. 

52 

330 

166 

143 

10 PZI 

17 

Mrs. S. N. 

49 

390 

280 

235 

25 PZI 

IS 

V. J. 

47 

250 

224 

186 

10 PZI 

19 

L. A. 

47 

130 

100 

92 

10 PZI 

20 

L. S. 

55 

133 

130 

130 

15 PZI 

21 

i\Irs. A. W. 

77 

186 

140 

100 

15 PZI 

22 

A. E. 

73 

250 

228 

200 

10 PZI 

23 

Mrs. E. B. 

73 

305 

280 

280 

10 PZI 

24 

Mrs. M. E. 

66 

266 

228 

190 

30 PZI 

25 

!Mrs. E. L. 

66 

225 

218 

180 

10 PZI 

26 

S. K. 

59 

200 

172 

150 

20 PZI 

27 

S. E. 

59 

133 

133 

133 

10 PZI 

28 

S. D. 

46 

500 

400 

235 

30 PZI 

29 

A. P. 

32 

500 

450 

400 

40 PZI 

30 

Mrs. E. E. 

59 

345 

400 

330 

15 PZI 

31 

Mrs. L. W. 

60 

360 

270 

220 

40 PZI 

32 

Mrs. E. B. 

52 

210 

180 

133 

20 PZI 

33 

G. B. 

14 

270 

228 

220 

30 PZI 

34 

J. B. 

59 

133 

122 

111 

10 PZI 


Table TV 





1 BLOOD SUG.AR 

am 

■IHH 


PATIENT 

AGE 







AT 3 HE. 

AT 0 HE. 



INITIAL 

1 


35 

Mrs. E. L. B. 

20 

520 

coo 

020 


PZI 





20 

standard 

36 

P. L. 

36 

360 

450 

500 

40 

PZI 




10 

Standard 

37 

Mrs. K. S. 

49 

250 

290 

330 

25 

PZI 




20 

Standard 

38 

Mrs. J. E. 

58 

138 

100 

200 

15 

PZI 




10 

Standard 

39 

E. H. 

00 

380 

380 

106 

25 

PZI 




10 

Standard 

40 

E. K. 

37 

200 

200 

100 

20 

Cryst.* in A..'t. 




10 

Cryst. in p-«- 

41 

C. C. 

34 

214 

260 

266 

30 

Cryst. in a.h- 



20 

Cryst. in f.M. 

42 

Mrs. E. P. 

50 

136 

160 

154 

20 

10 

PZI 

Standard 

43 

Mrs. E. A, 

40 

275 

350 

255 

45 

20 

PZI 

Standard 

44 

W. S. 

70 

250 

280 

210 

20 

10 

PZI 

Standard 

45 

Mrs. M. S. 

59 

200 

166 

210 

20 

10 

PZI 

Standard _ 

46 

Mrs. B. 

82 

400 

200 

400 

10 

Standardjaf^ 


’Zinc insulin crystals. 


Table V 


NO. 

PATIENT 

AGE 

1 BLOOD SUGAR 

TIIEB-U’J 

INITIAL 

AT 3 HR. 

at b 1 

Diet ' 

47 

48 

Mrs. H. S. 
Mrs. E. W. 

39 

35 

152 

100 

150 

99 

140 

100 J 
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Ail required 111 addition a varying amount of icgulav insulin. Patients 40 and 
« had laild Iiyi,ci41,yroidi.s,n. In both, better enntrol ,ras maintained tl.rongl, 
the use of two daily doses of zinc insulin ery.stals 

It IS evident that despite the variety iu iiatirrn.s presented by this group 
ot a single one resembled the Hat curve of the normal person or the descend- 
ciin-e of the person with mild diabetes. All .simulated to some extent the 
. oeiidnig curve of the person with severe dialnles. 

ori^ilTr/f'""*! acromegaly and diabetes of pituitary 

t i 01 7 T e resembling 

cent oUed h f >'"«ent is successfuli; 

adeninfe I' alone. The second patient or .ginally required insulin for 
J.„ L past year has rerpnreil neither insulin nor a 

dinhe)/ tast was made early in the remission of the 

rl,.,„, { ? aartanily normal in appearaiiee. Xo ooiieliision of note can be 

ness of data— excepting that the hgiires verify the ob.served mild- 

ness of diabetes associated with aeromcgaly. 

SUMStAEV AND CONCLUSIONS 

degree of severity in diabetes is important for pre- 
with °f response to therapy. Tiie person with mild diabetes 

eombhi d'* of endogenous insulin is readily controlled by diet alone or 

with single daily dose of iirotamiiic zinc insulin. The person 

troll diabetes, ivith little or no endogenous insulin, is not so easily oon- 
6 I lequiriiig regular insulin in addition to tlie protamine zinc insulin. 

consist*'^** Sattging the severity of diabetes has been described here. This 
ou tli * '“‘'Idiig three blood sugar estimations at tliree-hour intervals 
i,j(o jjj “rsting patient while lie is ambulatory. Tlie resulting curves fall 
tovels b groups; ( 1 ) a coiitiuuou.s descent from the initial reading, all 
the ■ t,!*® normal values; (2) a continuous descent from 

raliies^^ reading, witli all levels considerably higher than the normal 
"■ith'^^t ^ group of curves, none of which show a continuous descent, 

111 th'* fi readings being iiiglier than tiie initial value, 

coat ■'^11 g^'“'*P® ure Hi® persons with mild diabetes tliat are readily 

iiisiiliu ®®inl>iii®d with a single dose of protamine zinc 

oil/"*' third group are the persons with severe diabetes controlled 

y With more than one dose of insulin. 

tile parsons with diabetes studied, 15 fell into the first group, 19 into 
silo ‘'‘'d 12 into the third. Two patients with acromegaly and diabetes 

the '■** aurves, indicating a mild degree of diabetes since they simulated 
waieT^""^'^ of the normal iioiidiabetic person. The remaining two patients 
I'l'otai/'^^'*'^ during treatment with insulin. One, receiving both regular and 
"■Iieii"'*"'^ ^i'lc insulin, showed a descending curve typical of mild diabetes, 
aontroi'" ^ severe diabetes requiring both types of insulin for 

ti... '^'i® other, receiving a single daily dose of protamine zinc insulin 


showed a 


flat type of curve resembling the normal. Four similar curves were 


'-'j- cuivc 1 cocuijl;i.xli 5 iiic ixuxiiiux. jl wui oiiiiiiui' cUiVeS V 

the group of patients with mild diabetes on restricted diets for Vi 


ary- 
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ing periods before testing. TJiis experience indicates that the test is not ap- 
plicable to patients under treatment — since in these it offers only a measuie 
of the adequacy of treatment. 

The test appears to be most useful in the new or untreated patient iritli 
diabetes. By gauging the severity of his disease, a greater degree of efficiency 
witli economy of time and expense, may be attained in planning therapy. 
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OBSERVATIONS ON A SULFANILAMIDE SOLUTION 


WilLTER J. SlEBERT, M.D., AND FREDERICK LoOSE 

St. Loras, Mo. 


A 


SOLUTION of sulfanilamide for oral administration, as profound in its 
action as other forms of sulfanilamide and with no greater tendency to 
produce side actions, is desirable because of the ease with which it may « 
administered, especially to children, and the accuracy with which dosage 
be measured. Such a solution has been prepared and subjected to a sen^^ 
of experimental tests to determine its clinical applicability. The so 
is essentially a mixture contaiuiug in each fluidounce approximately 
of sulfanilamide and 4 fluid drams of systemic alkalinizer (appioxima e ^ 


per cent sodium lactate and 10.6 per cent iiotassiuni citrate 
glucose. 


by weight) and 


Three separate series of experiments were conducted, the is 
ploying the entire solution, and the third a solution made up wi 
sium citrate but otherwise identical Avith that used in the first series. 

SIETHOD OF STUDY 

In order to determine tolerability, toxic dosage, and minimum 
27 guinea pigs, averaging 230 Gm. in weight, 
quantities of the sulfanilamide solution Avere admiinstere 
in divided doses, tAvice a day for periods of at least tiventy-one ^ 

•The solutio'' °r sulfanilamide, known as sulfanilamide with citra 
through the courtesy of Donley-Bvans & Co., St. Louis. 
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loca 


V M'lA' \ s IIv V.MIDI-; NdJ.ri’IOX 

A seeoml .study was couductod with 7 ral.lMi^, ii„, sulfaiiilaiuide 

solution, sulfamlamide powdnr, and proiito.sd. all ii, siiliaiiilauiide equivalent 
dosage, in order to evaluate them com]>araln ely The drugs were all ad- 
aumstered m divided doses at the same time d.iiK Th,. blood concentration 
of free sulfainlanude was determined one, four, eiehi and ten hours after ad- 
auaistratiou, u.dug the method of Jlarshall ■ Th. ...s.dnal bh.o.l concentration 
oS_ free sulfanilamide in milligrams per reid r, is .hl. riiimed eighteen to 
twenty-four hours after administration of th. r.ni.ais lueparations used. 

Microscopic sections of the brain, liver, .st.ai..i. h ,i,„| kidneys of the guinea 
pigs and rabbit.s, which had been given lethal d. s. , „t ih.. sulfanilamide solu- 
1011 , were examined for evidence of patli.il.ieu- rh.n.e.s m these organs. 

Ill the third series of e.xperiment.s siill.,ii.lai„i.|.- s.diitioii without potas- 
sium citrate was employed. Si.x guinea pigs. aLivamg 251 G,„, j,, 

e each giten 12 c.e. of the solution (represeiilii.g .'i|i|)roximately 12 grains 
su aiiilamide) per day in three divided doses, or .Tj)proximateIy 3.2 Gm. 

P 1 ogiam per day, for a period of forty days Another group of 6 guinea 

received Jn c.e each of the sulfanilamide 
(iivided doses, or approxmiattdy 4.0 Gin. per kilogram 
of^th experiments were conducted to <letermine tJie tolerance dose 

e sulfanilamide solution without potassium citrate. 


RESULTS 

series of experiments it was found that the guinea pigs tol- 
!ui**^*l sulfanilamide solution (approximately 1 Gm. of sulfa- 

oiie^T body weight per daj'- for periods of at least twentj’'- 

solutio^"*^ ^^dhout manifesting symptoms of toxicity or loss in weight. The 
Josag to be no more toxic than sulfanilamide powder in equivalent 

per bdven in doses of 17.3 c.e. (approximately 1.17 Gm. of sulfanilamide) 
'■ery a body weight per day, the sulfanilamide solution produced 

at 1 ' ^ ^^xic symptoms, but the animals survived this dose for periods of 

Gin ^''"‘^'dy-one days. Toxic symptoms with 21.7 c.c. (approximately 1.47 
(litl ^ ^^^^^^^dlamide) of the solution per kilogram of l)ody weight per day 
^^thal 'vhen the potassium citrate wa.s removed from the solution. Tlie 

26 e ‘^Gtermined by this series of experiments, was approximately 

dalperf^^ ^dlogram of body weight (approximately 1.7G Gm. of sulfanilamide), 
yf silf^ that the guinea pig is about as susceptible to the toxic effects 

'lose'f rabbit. Ilalpem and jMayer^ state that tlie toxic 
-Gm I'abbit is 2 Gm. per kilogram. Raiziss^ and co-workers find that 
ill ^ ^^dni.stered orally is lethal for rabbits. The findings of one of us (P.L.), 
made at the same time, was that the lethal dose of sulfa- 
^ guinea pigs was approximately 1.56 Gm. per kilogram per clay, 
^lood ^ demonstrates the time of appearance of free sulfanilamide in the 
Sajj . ^ administered in the form of solution, powder, and prontosil, in 
^ende equivalent doses. It may be observed that free sulfanilamide 
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appears iji measurable quantities in the bloorl nf . i 

tiou 0 , s„aa„iUo,<,e io the 




SulTaalljAldt Sol* 
utloo • Coalojr* 

Srast (f«di la o«^ 
z <ul««), Do«« • 0«7Z 
<t9« p«r kilo p«r dt/« 
(ApproxlMtoly 0«ri 
cr«lD« of Sulfaall* 

^ , 4aid«)« 



SulfftoUtAldo (fed la 
otpeuloi). Doie 0*06 Qn» 
por kilo per d»y, (Apprex- 
0.77 tfeloa of 
Solfeollesido}* 


**••• 

^ 


froBtoiil (Ifijeoted 
ifitrMaatoulerl/)* 

Dot* • 2.00 fto» per 
kilo p«r dif, (Ipprca* 
lAtel/ 0*7S frel8i)« 


I t 

1 2 


< I I 

i 5 S 

TIUS IN HOURS 



Ciiart 1. Blood concentration tests of three forms of sulfanilamide in rabbits. 


Chart 2 shows the rate of elimination of sulfajiilamide from the blood 
■when administered in various forms. The rate of elimination is no more rapid 
when the drug is giA^en as the solution than Avhen given in other forms. Since 
the blood concentration Avitli the solution is somcAvIiat higher than Avith the 
powder or prontosil, and since the rate of elimination from the blood is no more 
rapid Avith the solution, the residual blood concentration after Avithdrawal of 
the drug remains someAvhat higher Avith the solution than Avitli the other tw'O 
drug's. This fact may indicate that the extent and duration of its action are 
increased Avhen sulfanilamide is administered in the form of the solution. 

The microscopic sections of ’ the brain, liver, stomach, and kidneys of the 
guinea pigs and ralrbits given lethal doses of the sulfanilamide solution re 
vealed no evidence of disease in these organs. There Avere uo sigw 
pathologic changes either in the organs of animals dying Avithin a fe'V n. 
after the administration of large toxic doses or in the organs of anmia s o 


mildly toxic doses for periods up to twenty-one days. 

In the third series of experiments, the series employing 
tion Avithont the potassium citrate, animals given 12 e.c. 


sulfanilamide soln- 
of the solution per 



SIEBERT-LOOSE: observations os a SULFASILAIIIUE SOLI TIOS 


lOGo 


day in three divided doses made a continuous gain in weight and showed no 
toxic symptoms. AVhen the dose was increased to 15 c.e , two of the animals 
died within the first tliree days; the other four survived until the experiment 
was concluded at the end of thirty days. Although those animals did not 
sain weight, they retained their original weight fairly well. They developed 
mild toxic effects, such as drowsiness and weakness in the hind legs, with 
some stiffness. 



It appears, therefore, that the sulfanilamide eiiui valent tolerance 'lose of 
the sulfanilamide solution, without pota.ssiuiii citrate, is slightly ahove .- 
Gm. per kilogram of body weight per day when given in three divided doses 
V stomach tube. The administration of 10 c.e. of the solution con ainin„ 
potassium citrate to a 250 Gm. guinea pig apparently exceeds ” 

of potassium citrate for guinea pigs. Hence, it seems that m the guinea 
P'S. symptoms of intolerance of sulfanilamide solution containing P 
'It'-ate are probably due, at least in part, to the largo amount of potassium 

O'trate present. 

Clinical experience with sulfanilamide solution has 
"“tol evidence demonstrating its safety, and the extent and ^ 

f on- Thus far, after extensive clinical trial, no a arming tox e 
been observed. It is our impression that the side 
"iwo numerous with sulfanilamide in the form of the diy drn„ than 
sohition, when equal doses of the drug arc administered. 
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CONCLUSIONS 

1. Ill the guinea pig and rabbit higher blood concentrations of free sulfa- 
nilamide are obtained when the drug is given as the solution than when it is 
administered in equivalent doses in other forms. 

2. The rate of elimination of the sulfanilamide is no more rapid when 
given as the solution than Avhen given in other forms. 

3. The sulfanilamide appears in the blood more rapidly ivhen given as the 
solution than when administered in other forms. 

4. Sulfanilamide solution, therefore, may be expected to be as effeetive in 
the treatment of certain infections as any other form of sulfanilamide. 

5. From the experimental evidence presented, it can be concluded that 
there are probably fewer toxic side actions with the sulfanilamide solution 
than with sulfanilamide in the form of the dry drug when administered in 
sulfanilamide equivalent dosage. 
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THEOPHYLLINE WITH ISOPROPANOLAMINE IN HEART DISEASE* 


With Especial Reference to Congestiats Failure 


Harold P. Robertson, M.D., and Frederick B. Faust, M-D. 
Philadelphia, Pa. 


T 


HE treatment of cougesthm heart failure remains a challeiicfi 
cardiologist’s therapeutic ingenuity. Venesection has proved 
ence to be a lifesaving measure in congestive failure, but it is too se 
in our modern techniques. This procedure lessens the peripheia j,i 

and enables more efficient myocardial function. The lessening o 
the venous circulation is temporary but frequently of su ^apahle 

enable the Aveakened right heart to regain compensation. 
of loAvering venous and spinal fluid pressures, as Avell as pro uc javesti- 
dilation, Avould considerably enhance the value of venipunc 
gations suggest the fulfillment of these criteria in t 


, .n„,nmmd andrepre- 

propanolaniine. This is a Avater-soluble theophy me ^ ^ dilaho” 

sents a combination of theophylline Avith isopi opaiio ami apiaal 

of the capillaries of the nail bed, as Avell as loAveiing o 


*Fi’om the service of William Egbert Robertson 
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Tabli: I 


T^ujulation of Average Chances and Theiu Puouable Errors 
aven'ge readings of 21 patients studied after the intravenous administration of 10 c.c. 
of 0.025 per cent tUeopUylUne with isopropanolaminc. 



1 immediate I 

5 

MIN. 

10 

1 MIN. 

15 

i MIN. 

1 


PROBABLE 


PROBABLE 


PROBABLE 


PROBABLE 

! 


ERROP. 

AVO. 

ERROR 


ERROR 


ERROR 

al fluid pressure 

_oo 

±5.0 

-2S 

±5.0 

-.30 

±5.5 

-24 

±7.0 

' pressure 

-14 

+G.5 

- 0 

±4.5 

-20 

±9.0 

- 4 

±5.0 

•olic arterial pressure i 



- 8 

±3.0 

-14 

±4.0 

-10 

±0.0 

dolic arterial pressure 



- 3 

±1 0 

- 4 

±3.0 

-10 

±0.0 

Ulary reading 1 

+ 6 

±2.0 

+10 

±1.0 

+10 

+2.0 

+ 8 

±1.0 


finally diminishing considerably as the capillary dilatation persists, 
e end of the ten-minute period marks the greatest lowering of systolic 
jssure, Avhich then rises with the elevation of venous and spinal fluid pres- 
•es. 

These observations are in accord with cuiTent pliysiologic concepts. It 
well established that spinal fluid pressure fluctuates in direct proportion to 
ac pressure, and variations of diastolic pro.ssuro are similarly closely re- 
ed to the tone of the peripheral capillary bed. 

SU.NDrARY 

The effect of theophylline with isopropanolamine was studied in a series 
21 patients, ivith reference to capillary dilatation, arterial, venous, and 
fluid pressures. These pressures showed a definite fall associated with 
Ilary dilatation. This response to the drug, although comparatively 
li^ay prove useful in the treatment of congestive heart failure in coii- 
with venesection and other appropriate measures. Further study 
a more sustained effect with the oral or intramuscular admin- 
this preparation. Our observations showed considerable relief 
and orthopnea shortly after injection, lasting from three to 
e clinical improvement was far more sustained than the lab- 
•'■bcate. 
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Table I shows a tabulation of the average changes, wit^ 
error at the four observed points for all the experiments. This j]je 

of all the pressures with a commensurate dilatation of the capi 
fingernail fold. The greatest change occurred ten minutes ° the 

jection. These results were plotted on arith-log paper (Fig- > 
suggestion of Pearl® that variables showing a rate of c aoted 

ordinated to a base to establish the respective relationship. 4 ,,„i,ediatel.'' 


that the rate of change of venous and spinal fluid pressiues fi 

almost parane'- 


after administration to the ten-minute period are ^ t, f n in 
of capillary dilatation rises rapidly, simultaneous with * ® ^ 
and venous pressures during the first five minutes. . 

stant and gradually returns to normal. The diastolic piessi 


niediah^.'" 
The 
spinal 1 


It then 
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Table I 

Tabulation oi’ A\ti:age Changes and TiiEiit Piiobaule Ekiiors 


The averrge readings of 21 patients studied after the intra^enous adniini.stration of 10 c.c. 
of 0.025 per cent tlicopliyllinc with i^op^opanoIanIiuc. 



1 liUtEDI.^TE 1 

5 

MIN. 

10 

1 MIN. 

15 

1 MIN. 

avg. 

PROBABLE 

ERROP, 

AVG. 

PROB^VBLE 

ERROR 

AVG. 

PROBABLE 

ERROR 

AVO. 

PROBABLE 

ERROR 

Spinal fluid pressure 

-22 

±5.0 

-28 

±5.0 

-.36 

±5.5 

-24 

±7.0 

Venous pressure 

-14 

+6.3 

- 9 

+4.5 

-20 

±9.0 

- 4 

±5.0 

Systolic arterial pressure 



- 8 

±3.0 

-14 

±4.0 

-10 

±0.6 

Diastolic arterial pressure 



- 3 

±1.0 1 

- 4 

±3.0 

-10 

±0.6 

Capillary reading 

+ e 

±2.0 

+10 

±1.0 

+10 

±2.0 

+ 8 

±1.0 


at first, finally diminisliing considerably as the capillary dilatation persists. 
The end of the ten-minute period marks the greatest lowering of systolic 
pressure, which then rises with the elevation of venous and spinal fluid pres- 
sures. 

These observations are in accord with current physiologic concepts. It 
is well established that spinal fluid pressure fluctuates in direct proportion to 
venous pressure, and variations of diastolic pres.sure are similarly closely re- 
lated to the tone of the peripheral capillary bed. 


SUJDLVRY 


The effect of theophylline with isopropanolamine was studied in a series 
of 21 patients, with reference to caiullary dilatation, arterial, venous, and 
spinal fluid pre.ssurcs. These pressures showed a definite fall associated with 
a capillary dilatation. This response to the drug, although comparatively 
brief, may prove useful in the treatment of congestive heart failure in con- 
junction with venesection and other appropriate measures. Further study 
uiay establish a more sustained effect with the oral or intramuscular admin- 
istration of this preparation. Our observations showed considerable relief 
from dyspnea and orthopnea shortly after injection, lasting from three to 
four hours. The clinical improvement was far more sustained than the lab- 
oratory studies indicate. 

to express our cratltude to the National Drug Co. for the material surpheU for 

ine research problem. 
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HYPERGLOBULINEMIA IN GRANULOJIA INGUINALE 


Albert E. Taussig, jM.D., and Michael Somogyi, Pii.T). 
St. Louis, ilo. 


RANULOMA inguinale and Ij^miiliogranuloma inguinale, the so-called 
fourth and fifth venereal diseases, are quite distinct clinical entities in spite 
of the similarity of their names. The former is essentially a disease of the 
skin and corium' and seldom invades the deepier tissues. Beginning as a small 
macule on penis or vulva, it spreads as a superficial destructive fungating mass 
over the pudendum, perineum, and inguinal regions. Scrapings from the mass 
are characterized by the pathognomonic Donovan bodies. The infection usually 
responds satisfactorily to tartar emetic injections or, better still, to Fuadin 
therapy. 


Lymphogranuloma inguinale, on the other hand, is essentially' a disease of 
the lymphatic tissues. Beginning as a small macule on the pudendum, it de- 
velops deep-seated buboes with areas of induration and softening that later 
discharge through multiple fistulas. Involvement of the rectum with strictuie 
is characteristic, and the Prei test appears to be pathognomonic. There is no 
satisfactory specific therapy'. 

Lymphogranuloma inguinale is almost certainly a virus infection.- The 
nature of the Donovan bodies which have been demonstrated to be the cause o 
granuloma inguinale^ is still a matter of dispute, although there is much to e 
said in favor of Donovan’s original contention that they' are piotozoan 
character. 


In 1936 Gutman and his co-workers reported a series of serum 
terminations in lymphogranuloma inguinale, their reports, liowevei, 
incidental to more extensive studies. In their first communication, t my 
cussed 12 cases of ly'mphogranuloma inguinale, all with a positive 
Serum globulin values, ranging from 2.2 to 7.8 per cent, were found , m 
2 eases the values were higher than 4.1 per cent. Half of the cases ha a 
globulin content of 5.0 yier cent or higher. In a second series 
cases, all in Negro women -with positive Prei reactions; 12 of the 13 


this senes ’ 


treatment for rectal stricture. The serum globulin findings in ^ ^ 

essentially' like those in the first; euglobulin determinations range i 
4.0 per cent, being generally, but not constantly, proportionate ^ o^ 


globulin values. In a third communication, “ they reported 35 eases 


,/]ol)uli“ 


granuloma inguinale, all ivith positive Prei test. The total 
ranged from 2.2 to 8.3 per cent, being 5.0 per cent or highei from 

cases, and above 4.0 jicr cent in three quarters. The euglobu m 
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0.6 to 4.0 per cent, again being generally, but not always, proportionate to the 
total serum globulin. Similar findings were re|)orted by Ro.sen, Rosenfeld, and 
Krasiiow." 

The foregoing fiiuliugs indicate that hyperglobulinemia is a characteristic 
feature of lympliograuuloina iiigniiiale and suggest that it miglit help to 
distinguish it from granuloma inguinale in those boi-derline cases in whicli 
confusion is possiJiIe. It seemed 'worth while, therefore, to look tlirough our 
files for cases of granuloma inguinale in which lilood protein determinations 
had been made. Seven sueh cases were found, 6 of them florid, the seventh 
nearly healed following tartar emetie injections. In some of these the 
diagnosis had been confirmed b^' the presence of Donovan bodies; in all of 
them the picture wa.s quite cliaraeteristie. The findings are shown in Table I. 


T.vble I 



TOTAL 

PROTEIN'S 

% 

SERL’ir 
ALOL'MIN 
% 1 

SERUM 

CIX)BULIN 
% 1 

EUGLOBULIN 

% 

PSEUDO- 

GLOBULIX 

% 

G. V. (florid) 

9.3 

3.9 

5.4 

1.7 

3.7 

J- H. (florid) 

9.40 

3.72 

5.6S 

1.18 

4.50 

S* (florid) 

S.5 

4 6 

3.9 

1.9 

2.0 

G, ii. (florid) 


4.9 

54 

1.3 

4.1 

R. W. (florid) 

8.25 

3.81 

4 44 

0.90 

3.54 

P. J{. (florid) 

8.1 

3.4 

4 7 

1 7 

3.0 

P. R. (treated) 

7.55 

4.07 

2.98 1 

0.15 

2.83 


A much larger series would obviously be required to determine the uni- 
formity with wliieli hyperglolnilinemia occurs in granuloma inguinale. The 
interesting feature is tlie e,\tromely high ouglobulin percentage with a some- 
what more moderate increase in the total serum globulin. 

SUMMARY 

fiecent reports in the literature indicate that bypei’globulinemia is present 
in most eases of lymphogranuloma inguinale. 

The same phenomenon occurs to a marked degree and with high euglobulin 
values in granuloma inguinale. 
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THE OCCUERENCE OP GUANIDINE-LIKE SUBSTANCES IN THE 
BLOOD IN ESSENTIAL EPILEPSY* 


Maynard Murray, M.D., and C. E. Hoffmann, A.B. 
Cincinnati, Ohio 


X TUMEROUS studies of the concentration of guanidine-like substances in 
•i- ' the blood have been carried out in the past ten years by various in- 
vestigators in both normal and pathologically affected subjects, as well as in 
animals manifesting tetanic or convulsive symptoms, renal and hepatic in- 
volvements. A field, apparently missed by previous investigators, in which 
increase in the guanidine-like substances in the blood might be expected, is 
represented by the essential epilepsies — especially when the seizure pattern 
is that of grand mal. 

Fifteen institutional patients were studied by the colorimetric method of 
Pffifner and Myers, as modified by Andes and Myers,* except that, instead 
of the final values being read ocularly, more objective readings were taken 
from a photoelement photospectrometer, with monochromatic light (485 ni/i) 
placed at our disposal in the Kettering Laboratory. This wms deemed desirable 
because (a) Lambert-Beer’s law is valid only for monochromatic light; (b) the 
color of the blank is relatively great compared to the color developed by the 
guanidine; (e) finally because the maximum absorption of both occurs m » 
region of low sensitivity to the human eye. 

Basal levels were first determined in each case (the average of five taken 
dui’ing apparently normal periods), then serial determinations made duun^ 
aura, seizure, and one hour after cessation of convulsion. The findiiigs are 
presented in Table I. These figures show' that in the patients with 
epilepsy studied, guanidine content of the blood rises significantly. ^ 
guanidine level rose during the aura, reached its highest point duinio 
seizure, then dropped back to basal level. . , 

With the foregoing facts demonstrated it becomes possible to 
on the place of guanidine in the epileptic pathology. We emphasize, 
ever, that though all the cases studied showed the same tendencies, t 


number is still small. , 

Experiment shows that an increase in blood guanidine level is o 
compulsions. Guanidine has powerful action on the neuroninscular 
The response of the muscle to single shock nerve )jy a 

the guanidine concentration is increased. Instead of being o^^^ 
single response, a tetanus is now produced, sustained at times 

- ^ thfi 

•From the Laboratory of Physiology, the University of Cincinna t, 

State Hospital, Cincinnati. 
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Tabmj I 

Guanidinc Valuhs 


(Expressed in Milligiams Per Cent) 




AURA 

CONVUL-SION 

POST CON\aJLSION 

1 

0.50 


1.60 

0.61 

2 

0.41 

0.76 

1.31 

0.53 

3 

0.37 

0.64 

1.17 

0.51 

4 

0.31 

O.GO 

0.76 

0.50 

5 

0.45 

0.74 

1.47 

0,56 

6 

0.3S 

0.60 

1.21 

0.54 

7 

0.42 

0.67 

1.14 

0.54 

8 

0.36 

0.53 

0.93 

0.51 

9 

0.42 

0.6C 

1.26 

0.52 

10 

0.47 

0.79 

1.50 

0.58 

11 

0.47 

O.SO 

1.57 

0.52 

12 

0.37 

0.62 

0.92 

0.51 

13 

0.30 

0.55 

0 80 

0.50 

14 

0.49 

0.73 

1.32 

0.57 

15 

0.5 

0.79 

1.54 

0.61 


Thus with sufficient increase in guanidine concentration, any '‘normar' stimu- 
lus may peripherally be so effective as to cause convulsion. Clinically guani- 
dine rise may come from any of tlic following sources: increased formation; 
decreased destruction by liver; decreased elimination by kidney. The shape 
of the curve would tend to indicate the first. 

SUJDfARY 

1. In the instances of essential epilepsy studied, the basal content of 
guanidine in the blood was found significantly higli. 

2. All who presented convulsions of the grand mol variety showed a blood 
guanidine rise during the aura reaching a high point during convulsion. 
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LABORATORY METHODS 


AN APPARATUS FOR ilULTIPLE ESTIMATIONS OF CHOLESTEROL 
IN OXIDATIVE MICROJIETHOD- 


Eldon il. Boyd, M.A., M.D., Ontario, Canada 


R ecently I reviewed modifications and factors in the oxidative technique 
■ for the mieroanalysis of blood lipidsd In the present studj I vish to 
describe a special apparatus tliat has proved useful in the oxidative mieroraethoi 

for blood cholesterol. _ , 

The digitonin precipitate of cholesterol requires filtration, was nng, an 
dissolving in boiling niethjd alcohol. An apparatus has been devised foi t s p 
pose, similar in principle to that previously described, ^ but contaming a num 
of technical improvements and permitting the simultaneous estiraa ion ° 

12 samples; more could he added by enlarging the apparatus. A plioto.M^ 
of the entire apparatus is shown in Fig. 1, and a close-up of two units m t 
The framework consists of a base 2 feet wide, 4 feet 1°^=’ 
thick, set on two erossboards that act as feet and add suppor . n 
this base is set a box section, 14 inches wide and 6 inches J 
Iiox section is made of two halves of equal widtli, the bac i la “ ° 
attached to the box section and the front half attached ^ tnn of thebox 
(Fig. 2). At intervals circles are cut out along the centei o i 
LtLn, half of the circle heuig in the front of the hack half 
of the circle being in the back of the front half of tie op o rjjg jjeckaml 
These circular holes are made large enough to accommodate sii „ } 
upper part of 1 liter, side-necked, filtering flasks whic i the 

the box section. The diameter of these holes will depen l 
flasks and the thickness of the wood used in making t le ju pig. 1. 

a diameter of 3i/(t inches was used in making the appaia Altering 

The removable front half of the top of the box section enabi 


flasks to be removed if broken or for emptyings f„,.,vnrd from 

An upright board, 3 inches high, is placed 1 ,4 me i xipriglit boa^ 

edge of the top of the box section. Running along the these joi'b^ 

half inch iron pipe, interrupted by T-joints a m ■ 


, tlie back 


IS a 


fu -- Vi ffli the updgkf 

are attached short lengths of pipe that extend connecFil If 

board. On the front of these extensions is The e.xtre»>^ 

thick-walled rubber tubing to the side neck of he filt - ,^tiis) is 
left end of the pipe (the reader’s left -hen lool mg ai^P t 

the right end is brought through the ‘ailed tubing to a H.v- 

is attached. This latter tap connects by means of hcc j ^ 

the Department of Pharmacology. Queen’s University, Kings 
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Pis. 1.— A sencrsl vlow o( the cliolcstcrol sDP-iratus. 



pump placed on a shelf attached to the wall in a eoi.vcnieiit place ]ust * 

apparatus. The apparatias shown in ViS- 1 "’“s originally designed to fane i 
with a water pressure filter pump, and an aUadimcnl to sitch a pump tluoiig 
a trap was ineiuded in the apparatus; these are sliowi to the right m Fig. . 
The water pump, being too light, was discarded in favor of the more satisfactory 
Tlyvae pump. 
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Tlic Stem of the sintered glass filters (4G4, Schott and Jen, Jena) is fitted 
into a No. 0, one-holed rubber stopper, which in ten is inserted into the top 
of a 15 niJ. centrifuge tube that passes through a rubber stopper in the top of 
the filtering flasks. The bottom of the centrifuge tube is cirt off. When appro- 
priate taps are open, from 1 to 6 cholesterol digitonide precipitates may be 
filtered at one time along the back row of filters. 

After the cholesterol digitonide has been filtered free of its mother iiqwot 
and the precipitate washed with acetone and ether in the back row; of filters, it 
is transferred in the sintered glass filter with attached rubber stopper to the 
front row of steam coils for redissolving. Another batch of eholesterols may 
then be started filtering. Live steam enters the coils from the left of the appa- 
ratus through eoipper tubing, arranged in 6 coils of suificient diameter to enclose 
snugly the sintered glass filters. The copper tubing is continuous from one 
steam coil to the other, and the whole is attached to the front of the box seetion 
at a convenient height to pei'mit tlie oxidation flasks to be inserted and removed. 
The extreme right end of tlie steam line empties into a sink. Underneath, and 
fitting up into the bottom of each steam coil, is a glass suction head made by a 
glass blower. The top of the glass suction head contains a flanged opening large 
enough to receive the No. 0 rubber stoppers of the sintered glass filters. There 
is a side neck attached through thick-walled rubber tubing to a compressed air 
tap held against tire front of the box section. All these taps are connected by 
piping along the inside of the fx'ont of the box section ; this piping ends at the 
right by coming forward through the front board of the box section and is 
sealed there with another compi’essed air tap. This latter tap is connected to 
the tubing running to the Hyvae pump hj’’ thick-walled rubber tubing and a 
T-tube. Suction may be directed either to the front or to the back rows or to 
both by opening and closing appropriate taps at the right end of each pipe Ime- 
T-tubes and clamps attached in the rubber tubing going to the Hyvae pump 
act as release valves. 

The glass suction head is sufficiently wide at the base (1% inches) to 
the neck and top of 125 ml. glass-stoppered Brienmeyer flasks (the oxi n ion 
flasks) . To make an airtight joint with the oxidation flasks, strips of flat m e 
tubing, 1% inches wide are*^ doubled over the bottom of the glass suction ^ 
Each suction head is then attaclied loosely into pliable metal strip clamps 
to the front of the box seetion. " .y- 


ESTIMATION OF BLOOD 'CHOLESTEROL 


detaSei 


The technique of estimating blood cholesterol is summarized - here. , "^^^yiflcatioas 
description and discussion, directions for the preparation of' reagents, an 
necessary for special variations have been given in a previous report.^ ^ alcohol- 

One milliliter of whole blood, serum, or plasma is run slowly into jioies 

ether solution, 3:1, both redistilled. The proteins are filtered olf, jUttahs 

with the extracting fluid, and finally pressed with a cleaned glass rod. le c ^ajuiateJ 
are boiled dowm. to a volume of about 20 ml. in an Brienmeyer flas , . • 

sodium hydroxide is added, and the flask is placed on a steam a a 
sufficient to evaporate the extract to a volume of 1 ml. in thirty ' aie 
milliliter of 25 per cent sulfuric acid and a few drops of ? water vapor 
and the flask is placed on top of the steam bath until patches jed four to 

heoin to appear on the side of the flask. The aqueous layer is then 
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times with 5 to 10 ml. portions of petroleum ether. Five milliliters of 0.2 per cent digitonin 
(Merck) in 50 per cent alcohol are added to the combined petroleum ether extracts, and 
the mixture is concentrated almost to dryne-ss. Ten milliliters of distilled water are added 
to the precipitated cholesterol digitonide and brought to a gentle boil. After cooling, 10 ml. 
of acetone are added, and the mixture is shaken. The cholesterol digitonide is then filtered 
in tlie apparatus Iiere described, the precipitate is washed in succession with acetone and 
ether, and is tlien redissolved in three successive poitions of boiling methyl alcohol, each 
portion being drawn with suction into a 125 ml. glass stoppered Erlcnraeyer flask. The 
methyl alcohol solutions arc then evaporated to dryness without burning on a hot plate, 
the 125 ml, Erlenmeyer fla^k is transferred to a steam bath, and the last trace of methyl 
alcohol vapor is blown off with a gentle stream of air. The cliolesterol digitonide is then 
oxidiied with 5 ml. of Nu'loux reagent and exactly 3 ml, of 1 X potassium dichromate, 
and heated in an oven for tliirty minutes at 124® C, The flask is removed from the oveu, 
and about 75 ml. of icc-cold distilled water are added The unreduced potassium dichromate 
is then titrated with standard 0.1 N sodium thio^ulfate. Tlie figure thus obtained is 
buhtractcci from that of a blank treated in the same manner, but without tlie original 
blood, serum, or plasma. Tlie difference is expressed in terms of exactly 0.1 N potassium 
dichromate, divided by 10.(31 and multiplied by 100 to give the number of milligrams of 
cholesterol per 100 ml. of blood, serum, or plasma. 

REFERENCE 

b Boyd, E, JI.: The Oxidative Jlicro-estimation of Blood LipuLs, Am. J. Cliu. Path. 8: 

77, 1938. 


A STANDARDIZED JiIASTIC TEST FOR SPINAL FLUIDS 


Robert Br.vndt, jM.D., Augusta, Ga. 


OENSITIVITY and specificity are tlic two qualities that characterize the value 
of a serologic test. But a third quality, constancy, is important too. In 
syphilis the difficulties with regard to constancy have been overcome to a large 
extent, as far as competent lalioratories are concerned. This, liowever, cannot 
he said regarding the invaluable Lange test and its modifications, the colloid 
tests of the spinal fluid. 

Many formulas have been worked out to guarantee reagents of a constant 
quality, but none of them is fully satisfactory. For this reason, the colorful 
I’cagent of Lange' has been replaced to a certain extent by other colloids. 
Among these, mastic (EmanueP) and other gums have the first place. The 
resins offer a great advantage since, in preparing the colloids, the procedure 
«an be based on well-known physical factors which are the foundation of 
serology in syphilis. Sachs and Rondoni have detected the fundamental fact 
that the reactivity of the Wasserniann antigens depends on the speed with 
''’hich heart extract and saline are mixed. Sachs, as well as Kafka and 
Jacobstlial,^ baye stated that the same law i.s valid for the mastic test. As tlie 
‘■‘utigens for the lipoid-precipitation tests, too, obey the law of Sachs-Rondoni, 
^Ij^juuularity between lipoid and colloid tests is especially impressive. 

•from the University of Georgia. School of Medicine, Augusta. 
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The speed of mixing the saline with heart extract or water with mastic 
solution determines not only the sensitivity of such colloids for their use as 
reagents, but also their faculty to become precipitated by other physical iiiflu- 
eiiees, especially by salt solutions. The law of Sachs-Eondoni, as broadeued 
for these different conditions, may be summarized in this way : When a col- 
loidal reagent for S3'philis is prepared by mixing an alcoholic solution of heart 
lipoid, resin, etc., with Avater (or saline), the opacity of the resultmg colloid, 
and, simultaneously', its reactivity toAvard serum or spinal fluid, increases in 
the same degree in Avhieh the mixing speed during preparation decreases. 
ToAvard salt solutions the behaA'ior is the reverse. The colloids are the clearer 
and the more easily' precipitated by salt solution, the faster the mbdng had 
been done. "We haA'e the extremes: (1) SIoav mixture — dense colloids— high 
sensitiA'ity for serum and spinal fluid — I oav sensitivity for salt solutions. (2) 
Quick mixture — clear colloids — ^Ioav sensitivity for serum and spinal fluid- 
high sensitivity for salt solutions. (The reactivity in the Wassermann reaction 
is substantially' identical Avith the precipitation in the flocculation tests.) 

But in practice the determination of the mixing speed is rather inexact. 
If Ave request that the mixing be done drop by drop, and be finished AAithin a cer- 
tain time, the intervals betAveen the single drops (Avhich influence the result in a 
high degree) cannot be standardized perfectly. In any case, the results Avith 
the different modifications of the mastic reaction Avere unsatisfactory because 
of a definite lack in constancy. 

In the lipoid flocculation tests, mixing the reagents by dropping has been 
substituted for some y'ears by a tAvo-step-mixing. This can be adopted for the 
mastic test.'* 

EXPEREMENT 

To a row of tubes containing 1 c.c. of a 1 per cent alcoholic mastie solu- 
tion, distilled Avater is added as rapidly as possible, in the amount o ■ i 
0.75, 1.0, 1.5, 2.0, 3.0, 4.0, respectively. Opacity develops rapidly m all lu & 
within the first fcAv seconds, then increases sloAvly. After tAVO mniu es^ 
perceptible change is noted, and the tubes sIioav different 
If this state is reached, sufficient Avater is added quickly to each tu e to 
4 c.c. of Avater. The final effect is read fiA'e minutes later. 

There is present a series of colloidal solutions, the opacity of 
creases from tube to tube to a certain point, and then decreases y 
All the colloids contain the same amount of Avater, alcohol, and mas 
are all prepared Avith the same mixing speed, and differ from eac o^^ 
in the fact that Avater is added in tAvo portions of different 
influences the final demsity in a manner similar to that produce 

mixing speeds. The significance of this statement is derived lom ' ^ 

the laAV of Sachs and Rondoui is valid here, too. The densest 
most sensitive to spinal fluid and the most resistant to sa so 
clearest one has the opposite qualities; it is the least sensitive 
and the most sensitive to salt solution. 
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Instead of the iiiixmg speed, the amount of fiie dvst portion of water is 
made the deciding factor. It is evident that with this method it is easy to 
prepare a series of colloids with exact gradation, and to repeat the prepara- 
tioii of the selected one in a constant way. The highest density and the high- 
est sensitivity are present in the tube in whicli 1 e.c. of water has been added in 
the first step. We may state that the ratio of one part mastic to one part 
water is an “optimum.” Tliis ratio is a characteristic, distinguishing peculiar- 
ity of all solved substances wliieh can he changed into a colloid by adding 
water. It is, for instance, 1:0.5 for the original Aleinicke extract. To the left 
and to the right of this optiinnm we have tnhe.s udth deci’easing oiialeseence; 
that is to say, if we add either more or less than 1 e.c. of water, the colloids 
are clearer and less sensitive. 

One difference, however, exists between the two sections of the series. 
If the first addition is less tlian I e.e. of water, the pceiiliarity of the final 
colloid is not eompletely determined by the finst step, and the speed of the 
second addition of water is also iinpoi-taut in this respect. While after an 
addition of 1 e.c. or more, the colloidal fate is definite, and the speed of the 
second step is without di.stinct infiiicneo. 

The proper distribution of the whole ainounr of water lietween tlie two 
portions secures the desired degree of .sensitivity. However, we request more 
than a constant semsitivity. The colloid .shall yield a ceifain constant opales- 
cence, so that even a slight reaction may be noted clearly. In this regard the 
concentration of the alcoholic mastic solution is the nio.st important point. 
Usually from a 10 per cent stock .solution a 1 per cent routine solution is made. 
Uut mastic is a trade product, the comiiosition of which is not fully constant. 
A variou.s, sometime.s considerable, part is insoUihlo in alcohol. Thus the con- 
centration of the stock and tlie routine .solutions, and of the final colloid, 


^liiy be lower than expected. 

Another still more important requirement depends on the concentration, 
J>amely, the correlation between the peak of the curve and the dilutions of 
Ihe spinal fluid. If a large number of .syphilitic .spinal fluids is examined with 
Ihe same reagent, it is striking how eon.stantJy the peaks of the curves coincide 
^vith the same dilution of the spinal fluid. There are differences between 
'■ai’ioiis methods. With colloidal gold the peak of the ciuM-e coiTesponds to the 
spinal fluid dilution 1 :80. AVith the method for mastic described here the 


peak of the curve corresponds to spinal fluid 1:8, u-hieh is slightly different 
the original method and from the “Normomastixreaktion” (Kafka). 
In each method the different sypliilitie curves differ from each other in depth 
^‘>(1 width, but only exceptionally in the position of tlie peak of tlie curve, 
a slight .shifting has its significance, provided that such a shifting i.s 
caused by faulty tec'Iini(iiie. 

It is remarkable that the curve is shifting to the right if the coneentra- 
bon of mastic is lowered. To secure eon.stancy of tlie re.sults the mastic eon- 


l^entration of the colloid must be kept eoii-staiit by ad,iiisting the dilution with 
'* to the individual .specimens of the resin. 

Tlie last point to be considered is the Iialance between the sen.sitivity 
spinal Ip sodium chloride. A colloid tost that lias the proper degree 
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of sensitivity to the spinal fluid, but is precipitated by the salt solution, is 
somewhat inconvenient. The use of a salt solution of lower concentration 
entails some complications which cannot be described here. A small quantity 
of alkali, as stated by Cutting,® and by Kafka and Goebel,® raises the resistance 
against sodium chloride, but influences only slightly the behavior toward 
spinal fluid. 

After one has arrived at these conclusions, the technique is rather simple, 
if a laboratory is in a position to use a tested resin. A bit more complicated, 
but without any difficulty for an experienced worker, is the procedure of 
testing. The following reagents and glassware are needed: (1) Solution of 
10 Gm. mastic in 90 Gm. absolute alcohol. After some days the solution is 
filtered, and the residue is removed. The stock solution can be kept in the ice 
box without any change in its composition. (2) Absolute alcohol. (3) Dis- 
tilled water. (4) Aqueous solution of 0.5 per cent sodium carbonate. (5) 
Tubes 80 mm. long, 10 mm. wide. (6) Racks with 18 tubes in each row. It is 
convenient to have racks with two rows, one above the other, in such a way 
that the tops of the lower row of the tubes do not overlap the bottoms of tlie 
upper row. (7) Pipettes of 1, 5 and 10 e.c. (8) Graduate cylinders of 10, 25, 


and 100 c.e. (9) Beakers of 30 and 100 c.c. 

Procedure A (With Tested Resin). — The routine solution of mastic is made 

by mixing 1 part of the stock solution with as much alisolute alcohol as directe 
(usually 1 : 12 to 14, resulting in an approximately 0.7 per cent solution). 
Alkalinized water, ivith a content of 0.005 per cent sodium carbonate, is 
by adding 0.1 c.e. of the 0.5 per cent sodium carbonate solution to each ^ c.t. 
water. For the preparation of the colloidal reagent, 1 part of routine so 
mixed with 4 parts of alkalinized water, the mixture being perfonue m 


steps. , 

Example . — To prepare 50 c.c. colloid, three 100 c.c. beakers are supp^^^^ 
with 10 e.c. routine solution, 10 c.c. alkalinized water, and 30 c.c. a " ^ 
water, respectively.''^ Into the mastic solution, 10 c.c. ivater is pome 
possible and mixed thoroughly by rotating the beaker. A delay in t le 
brings the nncontrollable factor of speed into the procedure. r'^noderate 

of two minutes, the contents of the third beaker, 30 c.c., are ad e . 
variation in the speed is without distinct influence in this^ staoS. ^ 
minutes the colloid is ready for use. It does not change within a ^ ^ 

changes very little in several dajm. For the dilution of spnia^^ 
sodium chloride (0.9 per cent) is poured into each of 9 tu es, 
fluid is added to the first tube, and diluted in the usual manner. 
centimeter of the colloid is used for each tube, and the lesu t is le 


day (at least sixteen hours later). i f s are ma(k 

Procedure B (Testing of Mastic). — ^Different proportm”^ 

by diluting the stock solution with absolute alcohol in i ^ by 

(1 ; 10 to 15). Prom each of these® solutions a series ot co jube^ 

varying the first portion of water in the following Planner. of a!' 

containing 1 e.c. of mastic solution, 1.0, 1.2, 1-4, • ^ 

•This is a proportion between the components frequen y 
--sensitivity of the colloid. 
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Iralinized watei’ are added and made up to 4 c.c. ^vatel' after two minutes. 
After five ininutes tlie eolloids arc rejuly. All colloids are tried on the same 
iiej'ative and positive spinal fluids, and the most satisfactory reagent is selected 
as a basis for the routine preparation ^ This description is a sheteh of our 
procedure; it is not really intended that all these 24 colloids be tested. Usually 
the samples of mastic do not differ so mueh from each other, and the technique 
may be simplified. From an average routine solution two colloids are prepared 
by adding, as a first step, 1 and V/* parts of alkaliiiized water. According to 
the results on two spinal fluids, the further testing can be reduced to a few 
variations. Only for specimens of unusual peculiarities, or for a new kind of 
resin, is the more extended testing neee.ssary. With the help of this method, 
reagents have been worked out from 24 different kinds of resin. 

A few technical details may he mentioned here. Some specimens of mastic 
give hyposensitive colloids witli the regular technique. The use of 95 per cent 
alcohol, instead of absolute alcohol, for the preparation of the routine solution 
raises the sensitivity. The same effect can be arrived at by subdividing the 
first portion of water. 

It remains to define strictly which colloid has to be selected as the most 
satisfactory one, A colloidal reagent has to fulfill three requirements: sensi- 
hvity, appearance, and curve. TJiese qualities liavc a certain relationship with 
each other. The mixing speed (or the amount of the first portion of water) in- 
fluences density and sensitivity in the same direction, while an increase in the 
concentration of mastic increases the density but lowers the sensitivity. On 
the other hand, the resin concentration has an influence on the shape of the 
curve. Consequently, no factor can be considered by itself alone; it must 
fiarmonize with the others. 


As for the density, the colloidal reagent should be only slightlj’ opalescent. 
It should become intensely opaque in reaction, but milky appearance is not 
desirable as it would diminish tlie visibility of precipitates. The shape of the 
curve is correct if its peak, on tlie average, corresponds with the dilution 1 :8 
of spinal fluid, i.e., the third tube. We determine this point by testing with 
several “weak" syphilitic spinal fluids. 


To define the correct sensitivity, a theoretical conception must be outlined. 
Between the lipoid tests (mainly of the serum) and the colloid tests (of the spinal 
uid) there is a great resemblance in the colloidal fundaments and (omitting the 
Wassermann reaction) also in the visible happening. In both types of test the 
characteristic effect can be brouglit about also by nonsyphilitic sera and spinal 
uids and, with “too sensitive" reagents, even by normal sera and spinal fluids, 
be assumption has been made, therefore, that the lipoid reactions, too, are of 
•uerely colloidal character, with only quantitative difference between the S3'philitic 
3ua the normal. But the colloidal conception is not sufficient to explain fully the 
positive results in the lipoid tests. Certain physical conditions, it is true, in- 
'Jcnce the reactivity of the reagents to syphilitic and nonsyphilitie sera in the 
^onie direction and to the same degree. But serology has learned to prepare 
which have an increased specific sensitivitj’, witiiout considerable in- 


colloid need not be the most sensitive one which corresponds with the 
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is ■•iiiothoi' iT'M.son why diseases will) only a slifilit ehan.ae in file spinal Ihiid 
producing: a weak eurve, have a less ilistinet ilcniareation from syjihilis tlian 
those with more murketl spinal Iluiel changes. 

The iiorinal spinal lliiid, too, has the faculty of producing a change of the 
.syphilitic type in the colloidal reagent. This can easily be demonstrated hy 
u.siug a reagent with increased reactivity. However, there is one point which 
distinguishes the fact from similar c-xperieiices with the lipoid tests ; the mecha- 
nism of syphilitic and normal curves is identical, for in both instances the curve 
is a product of a combined action of albumin and globulin (Lange'’ “). An in- 
creased effect of globulin alone causes a spinal Iluid to produce a curve of the 
sypliilitic type.* This occurs not only if the amount of globulin is augmented 
by syphilis or by another disease, but also if the globulin amount is normal and 
the reagent more sensitive. For this reason, no definite demarcation can exist 
between syphilitic and other pathologic, or hetn een syphilitic and normal, 
spinal fluids. A .syphilitic spinal fluid and a nonsyi'hilitic one, in both of 
which the globulin alone is increa.sed to the same level, give the same eurve, 
and a syphilitic eurve is as strong as the protein content of the spinal fluid 
differs from the normal condition. Only an increase in the albumin (e.g., 
meningitis) produces a curve that differs fundamentally by shifting to the 
right." But also this eurve can, in early eases, resemble a syphilitic curve. And 
exactly in the same degree in which the sensitivity is raised toward syphilis, 
it IS raised toward other pathologic changes and toward normal spinal fluid. 
There is no safety zone between syphilitic and nons.vphilitic spinal fluids. The 
aim of ad, justing the mastic cannot be to catch the highest possible amount 
at syphilis, and the lowest amount of nonsyphilis, but by means of a linear 
gradation to fix the sensitivity in such a way that all spinal fluids with normal 
protein content barely give a negative result. This is more feasible since the 
normal content oscillates in narrow limits only. Any change in the protein 
condition, regardless of its origin, will show up in the curve. The main use 
of the colloid tests is not so much to base the diagnosis of syphilis upon them, 
ns to answer the question if and how far in a case of ascertained syphilis the 
central nervous system is involved. For this purpose we can also evaluate a 
slight reaction which in itself does not differentiate syphilis from another 
iliscase or from a meaningless increase of protein in the spinal fluid (during 
fever). But one condition mu.st be fulfilled, that is, constancy. AVe repeat: 
there is no safety zone, no true specific quality, and the syphilitic and non- 
syiihilitic changes and the normal condition shade into each other. 

The manner in which we, nevertheless, can make diagnostic conclusions 
with regard to syphilis as well as to other diseases cannot be explained here. 

In adjusting the sensitivity of the reagent at a certain level one hint is 
mlvisahle. Although our technique makes the colloids very constant, a con- 
b'uious control is necessary. A too high sensitivity will be recognizable in a 
■■'laaU mimher of .specimens, for — contrasted with the lipoid reactions in such a 
case— not only single specimens but all of them will show themselves nonspecific.- 
nit wh at about the reagent that is hyposensitive ? AVe do not always have 


U not the merely quantitative character of the characteristic changes m the proteins 

public-,*! proved, this theorj* is supported by numerous investigations, among which the 

“cations by Kafka £ « 


I and Samson are especially important.** 
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at oiu- disposal a spinal fluid with a tested reactivity; moreover, we will not 
omit the possibility given in the colloid test of having the methocls at the same 
level in all laboratories. By adjusting the colloids in a way that all negative 
spinal fluids give negative results, we are not protected against hypo.sen.si- 
tivity. It is, in my opinion, favorable to have a reagent with which the nega- 
tive spinal fluid gives just a recognizable curve. The slightest degree of 
change indicates the standard sensitivity, and gives us an excellent control 
of the constancy which is the purport of my method. 

In the Serologic Department of the General Hospital in Vienna, the tech- 
nique described was routine for fourteen years, and was performed by me in 
about 70,000 specimens of spinal fluid. The most important observations were 
those on numerous patients who had undergone malaria treatment in the 
Wagner- Jaur egg Clinic, Vienna, and in cooperation with Dr. B. Dattner, were 
kept under control for years. By its considerable constancy the staiidaidized 
mastic test was able to express slightest clinical changes or to foretell a clinical 
development which much later became manifest. The technique was success u 
with resin available in this country. 


SUMMARY 

Besides sensitivity and specificity, constancy is an indispensable 
a serologic test. In the technique of the mastic test described heie, t le oiii ^ ^ 
of the sensitivity is done by adding water to mastic solution in two steps, w ic 
by the amount of the first addition is decisive for the final colloid, n 
the sensitivity can easily be varied, and the selected reagent can j 

be prepared in a constant manner. Some fundamental detai s aie is 
which add to the desired qualities of a colloidal diagnostic 
technique has been useful in about 70,000 specimens of spinal Am 
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A SniPLB DEVELOPING TANK FOR ELECTROCARDIOGRAMS 


Samuel Waldman, M.D., Brooklyx, N. T. 


T O SIMPLIFY tJie developing; of electrocardiograms for the practitioner who 
does not do x-ray work, I ha%’C devised a compact three compartment tank, 
which makes the process easy and convenient. 




An ordinary storage battery, tliorougJdy cleaned out, presents three excel- 
lent chambers, perfectly arranged for the purpose (Fig. 1). The width of each 
chamber being about 73 mm., any electrocardiographic paper on the market 
today can be accommodated. Tlie first compartment contains the developing 
solution. The section is so arranged that the grapli may be rolled (emulsion side 
out) beneath a glass rod, suiiported at either end by oiie-holed No. 4 rubber 
stoppers, as in Fig. 2. The rod is placed about 5 cm, from the bottom, and its 
location may be adjusted, depending upon the amount of solution in the tank. 
The rubber stoppers prevent the rod from moving while the paper is rolled to 
oOt uniform developing. The middle compartment contains the water, and the 
third compartment, the fixing solution. 

Each compartment possesses a 1 cm. bore hole at the base, about 25 mm. 
from the bottom, plugged with a No. 00 rubber stopper. This allows for indi- 
vidual emptying and cleaning of a chamber. A cover to fit the tank maj' be 
^uade of wood to keep the solution from outside contamination. 

By the use of this tank it is possible to have all solutions within reach at 
time. Solutions may be used repeatedly, space is consex’ved, and uniform 
»3evelopmont is obtained. It may also be used for ordinary photographic work. 

I^ecelved for publication, September 22, 1939. 
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COMP AEISON OP CEDAR OIL 

making op slides op 


AND OTHER MATEEIALS IN THE 
ATJIOSPHERIC POLLEN* 


J. Warrick Thomas, M.D., Cleveland, Ohio 


pOR the purposes of determining- the amount and kind of poUen in tlie air, 
cieppegiell in 1917 exposed iilates prepared by applying gh'cerin to tie 
central square inch of an ordinary microscope slide which had previously been 
cleaned with alcohol. Various preparations were tried at that time, but glycerin 
was found^ to be suiierior to any otlier. When the air was extremely moist, 
t e e>iyceiin deliquesced rapidly, but this deliquescence was overcome by 
su stituting boiled linseed oil. In the beginning of his work, Seheppegrell 
attempted to expose slides at right angles to the direction of the wind; later 
lie found this to be impractical due to the limited range of a single slide, lie 
found the most practical method to be the simple exposure of the slides to the 
wind without the use of auy special apparatus. After the slides had been 
exposed for twenty-four hours, a drop of Lugol’s solution was placed on the 
glycerin surface, thus facilitating the counting. The grass pollens ivere 
stained blue black in contradistinction to the other pollens, which were usually 
stained brown. 

In 1924 SeheppegrelP made iiollen counts from slides carried in an air- 
plane. These slides were smeared with either glycerin or vaseline. The com- 
bination of glycerin and Lugol’s solution facilitated the counting, but the 
preparation was rapidly dried by the great velocity of the wind to which the 
plates were exposed. This was not the case with the slides on which the 
vaseline film was employed. 

Koessler and Durham^ exposed slides in various parts of Chicago in 1S2S. 

T hey used corn oil and found it to be more satisfactory than glycerin because 
it did not absorb moisture and thus distort the pollen grains. They fonm 
that stains were unnecessary in their study. 

In his study of the atmospheric pollen and botanic flora of the East Shoi<! 
of San Pranciseo Bay, Rowe'* used slides covered with a film of vaseline, 
slides were exposed in an upright position, with the vaseline facing the pe 
vailing wind, for a period of twenty-four hours. He found that 1^*® 
grains adhered to the slides covei’ed with white vaseline and retainct t* 
dry, shrunken shapes. 

Detweiler and HursD used slides coated with a thin layer of 
The jelly Avas prepared according to Kaiser’s fornnda and subsequent } 
melted in a rvater bath. It was then smeared ovmr the slide ivith a 
an area of the slide equivalent to the surface of a cov'er slip being piep* 

‘Presented before the Cleveland Allersy Society, May 23, 1933. 

Received for publication, September 30, 1939. 
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'iliose slides were exposed on Avindow UmIkc's in various parts ol‘ Toronto i’or 
periods of twenty-four liours. AVIieu the slides Avere eolleeled, u drop of 
tjlycenn jelly, protected by a coA’er slip, Avas added. 

AVodehouse« described various stains used iu combination with a glycerin 
jelly. The methyl green stain proved to be the most satisfactory of the staiiiiiv 
preparations. ‘ ® 



I encountered certain difficulties at the Vaughan-Gruhaui Clinic, in 
^jciniond, Va., in pollen counts made on a group of slides from the Bingham- 
N. area. A mimber of the slides had dried out, others had been 
^^posed in tlie rain, and still others, due to tiie position in Avhich they had 

een placed, released an excessive amount of mineral oil on one or the other 
side. 

I then became interested in developing a method that Avould avoid these 
itions and Avould, in addition, facilitate the identification of the pollen 
Sjaiiis. Consequently, I tried a number of materials, including mineral oil, 
ceiiii, Avhite Amseline, corn oil, almond oil, glycerin jelly, and cedar oil. 
the vaseline Avas employed, it Avas smeared over the middle third of 

lues and melted sloAvIy over a Bunsen flame in order that a smooth sur- 
obtained. The oils Avere applied to the slides Avithout the aid 

^he cedar oil Avas that used with the oil-immersion lens. Some of it was 
“ to be rather thick at times, and the addition of several drops of xylene 
ou^i applied to the slide (Avhich had previ- 

tlro ^ cleaned Avitli alcohol) Avith the end of a glass rod, using only a small 
’^ep for each preparation. The rod Avas then moved horizontally on the slide 
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RAGWEED 






\ - 



CORN OIL 


MIMERAL OIL 



Fig. 2. — Photomicrographs of ra^veed pollen grains showing comparison 

vaseline, and mineral oil. 


of cedar oil. com oJ- 


1 midcs 

to facilitate an even distribution over tlie middle tliii . ^ 

would probably want to file and store Ave protected AAntli a j 2 ches 

slides Avere placed side by side on a shelf that exteiide a ^ 
beyond a AvindoAv ledge. This shelf Avas protected fi'om t le la^^ 
cover suspended about 15 inches above, AA'here it Avas a a 
of the building (Fig. 1) . The slides Avere observed be ^ j^g more 
mounting. Those for AA^hich cover slips had been used A\'eie ^ sharP^'^' 

satisfactory for study. All slides AAuth the oil preparations plain 

distinction of the pollen morphology than did those Aviti a a 
glycerin jelly (Figs. 2 and 3). 
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Photomicrographs of oak pollen grains showing comparison of cedar oil, corn oil, 
vaseline, and mineral oil. 


gjj . ^ oil preparations were found to he tlie most SAtisfactory from 

view. As compared with vaseline, the cedar oil made the pollen 
tv^iislucent on microscopic examination, while an amorphous or 
CO apparent in the slides prepared with vaseline, due to its 

m preparation. After the cedar oil slides were exposed for a period 
would at times set (if the weather was very 
wh*^ ' beginning of the exposure it retained its adhesive qualities, 

^vere more pronounced than the other oils. 

yond^tl oils were found to be rather thin and tended to extend be- 

in ^^i“oh they were applied. Later, when they were placed 

^ list-proof slide box, they settled more readily to tlie side of the slide that 
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was down than did the cedar oil. The giveerin jelly preparations hckei ■: 
adhesive quality that was found in the slides '^virh thin nlms of cohr ■, 
and were not as translucent. The glycerin jelly was heated each time bei.; 
the cover slip was mounted. 

Plain glycerin jelly and glycerin jelly containing various stains in •ii 
ferent concentrations were studied, but none of the stained prepara:;.: 
were found to he superior to the plain glycerin or as good as the oil prepi.~ 
tions for routine work: however, some of the stained preparations shore 
more detailed sn-ucture. 

Both sheltered and unsheltered slides were exposed at the same nme. l: 
there was little diSerence in the total pollen counts. 

Cedar cd slides may he filed in dust-proof slide boxes loHotving iLt 
exposure to atmospheric pollen without any other preparation; ho'vever, I 
moimt some of the cedar oil preparations tvith Canada balsam and cover .'Ji, 
This did not interfere in any way with the distribution oi the polierb. on >- 
slides. A further advantage is that they may be kept in this manrei 
future reference without being exposed to contamination with dusi. 

SODIAKY AXD COXCLVSIOXS 

1. Comparative studies were made of atmos'pheric pollen slides 

with glycerin jelly, glycerin, vaseline, corn oil, almond oil. rainera. oi.. 
cedar oil. ^ . 

2. Glycerin jelly containing stains presented an advantage 

glycerin jelly where study of the structural detail was desired, bui ~o. 
routine use. _ . ^ 

3. Cedar oil was foimd to he preferable to the other oils i- t-. 
mained in the area over which it was applied and did not spread o- ran ' 
sides of the slide following exposure to atmospheric poLen. 

peared to be more adhesive than some of the other preparations. ^ ^ 

4. Cedar oil made the pollen grains more translucent to the 

light than did either vaseline or glycerin jeUy. , . 

5. Cedar oil preparations may be filed, either mounted >riih Cu 
and cover slip or unmounted, in dtist-proof slide boxes. 
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THE VENTILOGRAPH: AN IJIPROVED RECORDING 
VENTILOilETER AND ITS APPLICATIONS 


Pniup Reichert, M.D., P.A.C.P., New York, N. Y, akd Herman Roth, AAJ 
Boston, Mass. 


T ^VO years ago one of us described a recording ventilometer^ which, as an 
auxiliary unit attached to the familiar Bcnodict-Rotli metabolism apparatus, 
enables recording on the kymograph chart, in addition to the customary spiro- 
gram, a second curve which h.v analogy i.s termed tiic vcntilogram. The spiro- 
gram by its slope denotes the amount of oxygen absorbed by the patient per 
unit of time. The ventilogram serves os an indication and measure of the rate 
and amount of pulmonary ventilation during the eori’esponding period. 

Since tlie publication of tlie first paper, the ventilograph, as this new unit has 
been termed, has been used experimentany in several research centers. Based 
on the experience thus accumulated, a new and improved model has been de- 
veloped. It is the purpose of tliis paper to deserilic tlie improvements and to 
comment on the various usc.s to which this apparatus may be put. 

The ventilograph consists of a incclianism that actuates a recording pen 
moving parallel to tlic pen which records the spirogram Tlie ventilograph 
pwi is elevated onc-twenty-fifth of the distance the spirographic pen moves 
Juriiig inspiration only. Since oxygen consumption is vohuuetrically about 
one-twenty-fifth of the pulmonary ventilation, the spirogram and ventilogram 
tend to follow substantially parallel coiu'ses, as shown in Pig 2. 

An assembled view of the mechanism of the ventilograph head is shoun in 
1. f is the pulley support arm of tlic standard Benedict-Roth metabolism 
apparatus. A is the original pullej' wheel, and «-ct is the original pullc\ chain, 
one end of which is attached to the oxygen bell and the other to the spirographic 
pen. This wheel A moves back and forth as tlie hell rises and falls. To the 
oi-iginal fork / is added a support for the gear wheels, and an extended shaft 
for the second pulley B. Within the gear case G is a headed hard fiber ulieel 
througli tlie action of two blade-type pawls, is permitted to move in one 
‘^heetion only. One pawl is attached to the pulley wheel A and advances the 
fiber wheel during the inspiratory excui-sion of the bell. A second pawl attached 
‘o the frame holds the fiber wheel stationary during the reverse excursion of A. 
T'bc unidirectional movements of this fiber wheel are communicated through a 
train of reduction gears to the second pulley wheel B, which has the same di- 
^nieter as A. Attaclicd to the jicriphcry of B by the set screw s is a chain h; 
tbe rotation of B in the direction of the aiTOw thus serves to elevate the pen of 
tb^UilograpU which is attached to the lower end of eliain b. Thi.s pen records 

deceived for public.Ttlon. Octobt-r 3. 1930. 
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the ventilogram, a line which by its slope denotes the sum total of the inspiratory 
excursions of the bell on a 1/25 scale. A safety device is incorporated in the 
gear train to prevent overwinding. The ventilograph pen may be reset to any 
desired position by pulling sleeve r outward to disengage the gears. 



In the first model of the ventilograph, the unidirectiona ^ 
bakelite and had a loiiu-led periphery upon which two the viietl 

the combination acting as a ratchet in the ordinary sense. ^ ^ 

was given a very fine knurling (0.02 inch), it was failure of ll*'-’ 

respiratory excursions were small, the error introduced by might 

pawls always to drop exactly into one of the spaces^ in t exceed 2 
amount to as much as 5 per cent, though ordinarily it c u 
cent with human beings. 
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In the present model the ratchet inccIiaiUMii was modified liy giving the 
wheel two peripheral beads, with a modified pawl resting on eacli. By proper 
choice of the wheel material, and by selecting a pawl blade of appropriate 
springiness, sharpened and mounted at a certain angle, we found that the de- 
vice acted as a true rateiiet, although there arc no “teeth” on the periphery 
of the wheel. Provision has also been made for the adjustment of the tension 
of the pawl blades against the wheel by means of conveniently aecessib e 


By actual measurement the loss has been reduced to a point below t le 
error of available checking means, snhstaiitially less than 1 pel cent. ^ n a 
(lition, two further advantages have been gained. Through the eliminabon 
of the ratchet teetli, the device has been made silent in operation, and since 
the pawl blades are more flexible, and do not have to lift over a series of 
teeth, the friction introduced, though scarcely appreciable be ore, las 
reduced to one-third or one-fourth of its former value. 

The ventilograph has proved a great timesaver wherever the determina- 
tion of pulmonary ventilation has been desired in the course o spirome r 
e-\iieriiueuts using closed circuit metabolism apparatus as sue i or in mo i 
form. With such apparatus, the only previous methods of estimation we- 
measurement of the cumulative length of successive inspiration ines ® 
kyniographio record, either by calipers or by a map tracer. o me 
are fatiguing, time-consuming, and subject to coiisidera i e possi i e . 

A further advantage of the ventilograph is that the slope ° 

gram may he used, even for periods of less than a minute, as an in ex o 
rote of ventilation, as distinguished from the amount of ventilation over a 
longer period. It is probably the only satisfactory means of estimating ventila- 
tion rate for short periods, for while the general appearance of the 
(i-e., the depth of respiration and the rate) furnishes a rough indicaUon t 
ilifflculty of mentally integrating both those factors is obvious, as is i s 
meat from the spirogram, as previously described. ^ + + i 

The use of the ventilograph to detcrimne 
in Pig, 2. The graph is recorded from right to left. 

Siam indicate inhalation; downstrokes, exhalation. tn ii,p uft since 

vcntilogram corresponds to a point on the spirogram one space 
the pens record that distance apart. Vertical lines represen. minu 
To determine the ventilation rate for a given portion of the 
a Hue is drawn paralleling that portion in the same manner as ™ 
tirmination from the spirogram. This line may be as long as ^ 

able accurate measurements of its rise in a given nuiii er o ijy 

•He figure thus obtained, the rise per minute is calcula ed and 
0-52, which factor yields the ventilation rate in terms of liters per minute. 

For instance, line A.1' represents the initial slope of 
file period of quiet breatliing indicated on the spirogram. le 

« four minutes, or 12.5 mm. ss' represents an in- 

'entilation rate, 6.50 liters per minute, bimuarij, uue ^ n 
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creasod ventilation rate pToduecd liy more rapid breathing during a one-liaK 
minute period. The line rises 56 mm. in two minutes, or 23 nnn. per minute. 
Similarly, line CC' represents a still higher ventilation rate of 25.15 liters per 
minute. 



The ventilograph was first designed to facilitate the nyentil^' 

“oxygen-absorbing power” index proposed by Ziegler- tPeii it li*- 

tion equivalent for oxygen” index proposed by iloncrieff. but 

found other applications. Most of these are as yet in tiie veiitilog'’^!'^’ 
experience makes it likely that clinical apparatus embodynio 


will shortly be available. 
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Couriiaiul and Richards* Jiave developed an ai)paratns of a modified Bene* 
dict-Rotli type, witli ventilograph and other accessory equipment, for testing 
respiratory functional efficiency in chest diseases and other conditions. 

Barach has used ventilograph-eqiiipped spirometers in research on various 
phases of the diagnosis and treatment of asthma and emphysema,^ in the study 
of the effect of oxygen and Iielium therapy on respii’ation® and in a field of 
research as yet relatively' untouched in this country, bronchoscopic spirometry 
or “bronehospirometry,” in which the air from the right and left lungs is 
separately conducted through a special bronchoscope to individual spirom- 
eters.' Pinner''^ is also using similar equipment for bronehospirometry in 
clinical practice. 

Recent work by Landt and Benjamin^ indicates tlie possibility of study- 
ing cardiac functional capaeity' through the response of pulmonai’y ventila- 
tion to progressive lowering of the oxy^geii eontent of the inspired air. The 
'entilograph is being used in further re.search in this field. It is possible that 
similar application may be made in apparatus for the “metabolic exercise tol- 
61*01106 test” for patients with cardiac disease, proposed l)y Soskin and co- 
workers.® 

Work is currently in progress at the Pierce Lalioratory for Hygiene at 
Vale Umver.sity, for the determination of the pliysiologie effects (including 
effects on metabolism and respiration) of various conditions of temperature, 
humidity, and radiant energy in the environment.*® Here again ti ventilo- 
gyaph-equii)ped metabolism apparatus is an e.s.scntial ])art of the equipment 
Similar iipparatus is in use at the Aero-Medical Research Laboratory at 
right Field, where it is applied in some phases of aviation re.spiration re- 
search, not yet completed.^* 

Since the publication of the work of Nielsen and Roth*® on the significance 
of Various types of spirograms, little has been published on the sui)ject of 
clinical spirography. A recent renewal of interest has occurred, particularly 
m the field of clinical psy'chiatry, and it appears likely that with the avail- 
ability of a convenient means of studying the pulmonary' ventilation rate, this 
factor will be considered as an adjunct to the appraisal of the spirogram 
proper. Investigation along this line is currently being initiated at the Massa- 
obu.setts General Hospital in Boston*® and the Presbvterian Hospital in New 
York. 

.SUJI3I.\RY 

A new and improved model of the ventilograph, a means of graphically 
recording the pulmonary ventilation with closed-circuit recording spirometers 
of the Beiiedict-Roth type, is described, and its applications in the field of 
research and clinical medicine are discussed. 

Inc. -®d®*****°^^*^0 niav be obtained on special order from the makers, Warren E. Collm.<?. 

■ -^0 Huntington Avenue, Boston, Mass. 
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AX APPAUATl’S FOU TllK .MAXl'FAL’TL'KK OF WAX PARAFPLN 
AilPOFLFS FOR SHA'HR NITUATH SOLUTION USED IN THE 
IMIFVKN'l’IOX OF OlMlTlIAiiMIA XF0XAT0RU.M* 


Dewey .M. Weeds, Alo.\"r(!().MEitY, Aea. 


T he itfepiifatioii and di.8ti'ii)ution of silver iiitnite .solution foi the 19® 
volition of oplitlialmia iieoiiatoruiii iias Iteeoiue a routine proeecluie otmei. 
public hetilth laboratories. A luethod for the inauufaeture of 
posed of ii mixture of beeswax, itaralliu, and itartiniu oil, for the 
of tills produel, was orifgiutilly described by Voiiuer.' Silver nitiatt 
stored iu these ampoules often deteriorated rtitlier rapidly, 
formation of a blaek preeipitate and a .stroiifrly aeid solution. ,y),. 

that the Iteeswtix was re.spousible for thi.s deterioration, and sohec 
lem by milking a ])araffiu ampoule iiud coating it with 
ampoules the silver nitrate solution never comes in contact with t le i ^ 
Avhich is e.ssential to prevent eraeking or eriimbling and, tveie 
sub,ject to the deleterious effects of this material. , 

Dunney’s method consists es.seutiall.v of first dipping of fiS° 

in a melted mixture of 12 per cent paraffin oil and 88 pei cea^ P<^ ^ 

to 72'’ C. melting point. 'I'he .spindles are then dipped oi]_ and 

melted mixture containing T.t per cent beeswax, 8 pei een 
21 per cent paraffin of 56° C. melting point. The ampon 
silver nitrate solution and sealed by running melted paia 
top of the silver nitrate solution. 

♦From the Bureau of I.abovatories, State Beiiartiiient of Public 
Keceiveil for publication, October 7, 1939. 
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^ upfi4rg*s tubmj 


l^RONT dL£VflTlOf^ 
ti. Anjkmn 


SlCTIQN AT A-^' 


^ ’asbe%foi boS'd 



CoNSTAuenot^ Dctaus — Top 


Pig, 1, — Paraffin wax bath. 

apparatus tlcsij^iied to facilitate nianufacturc of paraffiii-linctl liees- 
'•ax Jimpoiiles of the type described by Buniiey is outlined liere. These 
‘'■iipoules have been made in this labor.atory for two years, and the following 
pioblems were encountered in the use of the old type of apparatus : 

1. It was necessary to have three melting baths; one for the 68° to i2° C. 
'’“■‘Iting point paraffin i one for the beeswax-paraffin mixture; and one for the 
Pnraffiii used for sealing. 

-■ ^laintenance of the beeswax mixture and the high melting point 
Pfiiaffiii at a constant depth in the dipping tank. 

3. Proper control of the temperature of the two tanks of paraffin and the 
'“ee.swax at their respective melting points so that ampoules of uniform thick- 
could be made. 
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4. .Amiii'cemcnt of the different iinils so that the whole process eoukl Ik 
carried <m with a niininuim munber of workers. 

'I lie apparatus shown in Fi>j. I was <lesi<;ncd to overcome these difficulties 
in manufacture. Tlie unit'* con.si.st.s of three melting tanlos, two dipping vats, 
and two overtlow jians, each of wJiich is eipiipped with separate heating unift. 
Tlie three melting tanks and the two dipping vats are each ecpiipped ivitli 
.separate liiennostats, so tliat each can i)e kept at the exact temperature de- 
sired. Kacli vat has an overtlow jiipe located in the side, and at suehdistaiice 
from the Iiottom that the beeswax and parailin can be maintamed at a con- 
stant level, thn.s a.ssuring ampoules of uniform length, Exee.s.s wax or paraffin 
liowing from the metling tank to the (lipj)ing vat runs through the overflow 
jiipes into the jians, where it can he kept melted and returned at intervals to 
the melting lank. 

On the end of tlie assenildy is located tlie melting tank for paraffin used 
for sealing the tilled amiioules. The melted parailin is dispensed through the 
hanil'Operatetl metal valve at the eiul of the tank. The apparatus is assemhled 
in a framework of angle iron and asbestos Iioard, mounted on a table of suit- 
able dimensions and height. The tanks, covers, ami linishiugs are of staiii- 
lo.s.s Steel. -Host of tile electrical wiring is concealed underneath the table 
loj) witli sliorl wires ciptiiiped with detachable eonncctions coming ffoin 
the sides of tlic table for attaching to the separate heating units. Blectne 
current is provided by a single long extension cord tliat may be attachei to 
any light socket or wall plug. The legs of the talile are eipiipped uith cas eis 
so tliat the wliole unit can he moved ea.sily for storage when not in use- 


iu-a-'Kin:NCi:s 


1. Young, U. f'.: I'reparutiou of .Silver Nitrutu 

p. aOo. 

2. Uuiincy, W. E.: Wu.x-Puniiiiii Ampule.-i for 

ivou of OpUiU-.ilmiii jXeonuUivum, Au\. J. 


Ampule.s, Jlieli. Pul), ffoaith, Sept., I52h 

Silver Nitrate Solution Used m Pn-’'"’ 
Pill,. Itenlth 25: SKI, 193a. 




Lansing, 
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A SIMPLE BLOWFIjY CAGE FOR THE CULTURE OF SURGICAL 
aiAGGOTS- 


Maukice S. Takshis^ B.A , JM.S,, Corvallis, Ore. 


p A PREVIOUS article in tiiis Journal- a simple blowfly cage for the cul- 
ture of surgical maggots was described. Since tlien another type of ca»e 
las been devised. This cage, whicii has proved \ery satisfactory, is much 
simpler m design and costs less to construct It is hoped that it will prove 
usetul not only to tho.se interested in the culture of .surgical maggots, but also 
to those mtere.sted in the rearing of the blouflv or of other flies for exneri- 
mental studies. ' 



10^’ consists of two galvanized iron rims, 1 inch wide 

hi^h diameter, conneeted by parallel wooden supports, IG inches 

^ wide (Fig. 1). These wooden supports are fastened to the 
ri -y vims by means of flat-headed bolts and nuts. If greater 

tu'o ^ the number of wooden supports may be increased ; however, 

ooated^^°**^ been found to be sufficient. The edges of the iron rims are 

the ^^Quid solder in order to facilitate placing the cloth cover on 

as well as to obviate tearing of the cloth by jagged edges. 

Roopn! I^cpartment of Zoology. Oregon State College. Corvallis 
cu for publication, October 7, 1939. 
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FIs. 2. — Sliowliig arrungotiiont ol cloth cover. Nqlar’papor clips at top of cage 

entry Into cage. 
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Su^Lr :! z:‘Z iz s '“S “ str ,;r if 

. A inch hem is made at tlic free end of tl.e sleeve, with two small opeiiinos 

1 rt dr r- t"'*™"^'r 

arc tied no ('''is- 2). The ends of eacli draw string 

inverted To "“*■ attached to a small 

prevents rhe fl- “"'.v facilitates entiy into the cage, but also 

A 7 mtY . oscaiiiny: tlui-iiif' the plaeonient aiul removal of food. 

- ppei opening makes it easy to arrange and remove the cloth cover. "When 
the Zr* to make the sleeve, for by partly opening 

is seuTr'’ "'to the cage can be made satisfactorily. -When a zipper 

to tbs ^ oover, it should be placed so that it opens from the bottom 

onno 't 1 placement and removal of food, liowever, the 

The V illitiiiinated near the top by means of a desk lamp. 

"tti’aots the flies and obviates the danger of their escaping when the 
‘ipper IS opened. 


is en!?° ‘t t"®'* P""’ serves as tlie liottoiii, and 

lar nn 'f' f'otlier 10 inch metal pan (Fig. 3). In each pan is cut a oirou- 
iiich j ‘’''“tit 8 inches in diameter, ainl each opening is covered with a 9 
the h It The celluloid disk for the pan to be used on 

holts ° 1 '* fastened to the pan with four small, flat-headed 

in 111 P'”*" ‘°P *'’'® ““S® 's lield 

swill loosply screwed bolt and nut, so that it can be 

s„ii 'i’,”* I’lncp' This arrangement permits the transfer of flies from 

silled to clean cages. 

inverted over the soiled one, the 
invert swung outward, and the bottom of the 

quickl'^ iHuminated. The flies, being positively pliototropic, are 

flic cl^ “"'■'"itcd to the illuminated surface. When the flies have migrated to 
c.T.e'' iBiiitloid disks are moved back in place, and the inverted 
the "Pi'iglit. Tlie transparent disk also permits observation into 

especially convenient during the placement and removal 

toocl dishes. 

^ REFERENCE 

''uia^T Simple Apparatu.s for the Cultuic of Surgical Afaggofs Used in 

Chronic Osteomyelitis and Other Suppurative Infections. J. Lvb 
Clin. Med. 22: 1055, 1937. 



A METHOD FOR THE DETERMINATION OP SUGAR IN S3IALL 
AMOUNTS (0.02 C.C.) OP BLOOD^ 


Niels C. Klendshoj, M.D., and Roger S. Hubbard, Ph.D. 
Buffalo, N. Y. 


D 


ETERMINATIONS of the concentration of sugar in the blood are most 
conveniently made upon samples drawn from a vein. Such samples are 
usually so large that the analyst can make measurements with a fairly high 
degree of accuracy, i.e., 2 c.e. are measured with an accuracy of between O.d 
and 1 per cent. In a fair number of jjatients, particularly children, it is some 
times difficult, or practically impossible, to obtain this amount of material ) 
a satisfactory venipuncture. To meet these difficulties a number 
methods of analysis have been developed and adapted to the study o <)0 
from the capillaries. In all methods of this kind there are inherent technic 
disadvantages. When a gravimetric method of measuring the samp e is 
ployed, the cost of equipment and the special precautions 
preliminary treatment make routine use quite unsatisfactoiy. n m^^ 
using an initial volumetric measurement of which several lave^ 
scribed,^’ ^ the decrease in accuracy of measuring the samp e 
source of difficulty. This seems unavoidable, for the measuiemen 
with an accuracy of 1 per cent can be made only when 

In our e.v 
made to 


in handling the material can be observed, and such piecautions 
taken when working with blood oozing from the fingei oi 
perience another difficulty was encountered when an attemp i 
apply these methods to the study of patients. Not |.]ie usual 

found ahiiost impossible to obtain a suitable 0.1 e.c. samp e considerable 
puncture wound if the clinician or technician has not l^e worth 

practice in the manipulations involved. It seemed to us t a i for 

while to investigate the effect of decreasing the size of initial 

analysis, and, even at the expense of an increased for obtaii*' 

measurement, to decrease the amount of technical skil o sups''' 

the material. Since analyses of 0.02 c.c. of blood o fleterniinatk" 

and teeb- 


mg 


i-e commonly made in the d 


ficial puncture of the finger or ear are interns, ai 

of hemoglobin, and since many, if not all medical f such estimat'O'’®’ 

nicians are thoroughly drilled in the technique o , •^vould serve f<"' 
an attempt was made to see whether this amount of ^ .atiou- 
fairly satisfactory determination of the blood sugar concen pi,,rn).v 

. , jijg pepartment ot 

♦From the Laboratory of the Buffalo General Hospital an 
oology, University of Buffalo, School of Medicine, Buttaio. 

Received for publication, October 13» 1939. 
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Since many clinical laboratories have found that colorimetric methods are 
satisfactory for diagnostic purposes, attention was centered upon developing 

offtriMtlmd 1 described a modification 

the method of Hagedorn and Jciiscii= in which 0.1 c.c. of blood from the 

‘1’^ '’"t ' cleterniination of the 

nioinit of Piussiaii blue formed under standard conditions. The intensity of 

Srs Sro^ systeni_ employed in it, made it seem probable that rela- 

21.1 T'! " ■" therefore 

tl.e stiid2of described below, which ive believe is adapted to’ 

3 f finger blood for diagnostic purposes, was developed. 

Tl.e2firn1l!;rt'^^ 1 0-02 e.c. 

p pette for the estimation of hemoglobin «as used for this purpose. 

2c.c. of solulio?'"’"*"’'''"’ ■>"’»"'>* of eolor in 1 or 

amctirllT" 3 ioehes in length and 0.5 inch in di- 

and flasks t„T ‘est-s. A water bath, standard pipettes, 

I c 1 as are used in routine work complote the necessary equipment. 

tiiii'>sfltrw'~lVo°“"‘“ tungstic acid. Measure 5 o.o. of 10 per cent sodium 
200 ce Aaa "i • 'oliiinelrie flask. Add water to give a volume of about 
I.c. witii f fi'i 1 shaking, 5 c.c. of 2/3 N sulfuric acid, and dilute to 250 
thdjilaln 1^ "’ater. This reagent, which is the one recommended by Folin 
Weks Pteeipitation of protein, must be prepared freshl}’ every two 

itould ■ eontain no measurable amount of reducing material, i.e., it 

(of'r ^ carried through the procedure, 

laiiide ' Inn**'™ ferrieyauide. Dissolve 0.05 Gm. of pure potassium ferri- 
PWcipitl f ° ° distilled water. This reagent should be discarded when 

solution ^ ° a blue color develops upon the addition of the iron 

in lOol -t-® ^ 111 . of anhydrous sodium carbonate 

lecn somci-i? '"'“ter. The ferricyanide and carbonate solutions have 

(4) p' from those described b 3 ' Folin and llalmros. 

50 c.c of solution. Dissolve 0.10 Gm. of ferric ammonium sulfate in 

Gni ^ sycupy (S5 per cent) phosphoric acid and 

"g duponol.”* The solution is made to a volume of 100 e.c. 

“f pure glucose solution. A stock solution containing 0.2 per cent 

•“hiol and water is prepared. This is covered with a thin layer of 

is prepare ) refrigerator. The standard used in the determination 

"atcr. Th- 1 °,“’ ’^y 1 c-®- of it to 200 c.c. with distilled 

■ . 1 ute standard must be prepared fresh every day. 

Nemours ll’rn emulsifying agent prepared and sold by E 1. 

2IX1 ^''countered make the suspension of Prussian blue more perma- 

^or this preparing the gum solution recommended by Folin 

in have, therefore, substituted “duponol" In their procedure 

and mrt?-S t“hours“^ Prussian bluj in dear sSmtio'Jr^or bo: 
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Method . — Measure 2 e.c. of the tungstic acid solution into a small test 
tube. The blood, either capillary blood from a puncture wound or oxaiated 
blood, is drawn exactly to the mark in a Sahli pipette, and any excess is wiped 
off the stem. The blood is then quickly expelled into the tungstic acid solution, 
It usually tends to settle to the bottom, and the clear supernatant fluid is drawn 
two or three times into the pipette and returned to the test tube to insure 
thorough rinsing’. The blood and the tungstic acid are then mixed well, and tlie 
tube is allowed to stand two or three minutes or more. It is then centrifuged, 
One cubic centimeter of the supernatant fluid is measured into the tube de- 
scribed above, and 1 c.c. of the diluted standard glucose is put into a similar 
tube. To each is added 0.5 e.c. of potassium ferricyanide, followed by 0.2 c.c. 
of carbonate. Both tubes are placed in a boiling water bath for eight minutes, 
and then cooled in running water. One cubic centimeter of the ferric iron solu- 
tion is then added to each, and the colors compared after fifteen minutes or more 
in a microcolorimeter. 


Table I 


Comparison of Results Obtained by the Folin-Wu Method and the MrcROitETHOD 


FOLIN-WU PROPOSED DILUTION DIFFERENCE 

METHOD METHOD USED PER CENT 


nig./lOO C.C. 
99 
90 
95 
80 
133 
105 
3.92 
325 
103 
143 
84 
580 
58 
75 
222 
200 
190 
215 
300 
304 
360 
292 
180 
400 
32 

Mean 207.4 


ing./lOO e.c. 
102 
103 
87 
91 
118 
145 
380 
325 
105 
133 
So 
010 
01 
78 
214 
210 
184 
228 
324 
291 
341 
315 
169 
489 
42 

209.4 


1:1 

1:1 

1:1 

1:1 

1:1 

1:1 

1:4 

1:4 

1:1 

1:1 

1:1 

1:4 

1:1 

1:1 

1:1 

1:1 

1:1 

1:1 

1:2 

1:2 

1:2 

1:2 

1:1 

1:4 

1:1 


3.0 

7.3 

8.4 
13.7 
11.3 
12.1 

3.1 
0.0 

1.9 

7.0 

1.2 
6.2 

5.2 

4.0 
3.6 

5.0 

6.1 
6.0 

5.0 

4.3 

5.3 

7.9 

9.1 

6.3 
31.0 


difference 

3 

7 

S 

11 

IS 

20 

12 

0 

« 

10 

1 

36 

3 

3 

S 

10 

12 

13 

24 

13 ’ 

19 

23 

17 

29 

10 


, 100 PC of blood, th*^ 

When the glucose concentration is 50 to 200 mg. pei ■ ’ (he 

method can be followed as described. For concentrations less l^lood 

interference of the yellow color makes the reading inaccurate, b#'* 

sugar concentration is higher than 200 mg. per 100 c.c.,^ the 200 ai'J 

must be diluted before analysis. When the concentration 1:2 or I-"* 

400 mg., satisfactory results are obtained if the filtrate gQO mg- 

with distilled water ; blood sugar concentrations between • ^ j-ange, it is 

quire dilution of 1 ;4 or 1 :8. If the readings are kept within ns 
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necessary to use a liglit filter to prevent sigiiifieaiit interference by the yellow 
color of the unreduced potassium ferricyanide. 

g 

Calculations.--^ x Standard x 1.01 = Jig. glucose per 100 c.c. of blood. 

Where S = reading of standard, U = reading of unknown, and standard 
= 100 ing./lOO c.c. If the filtrate was diluted 1 :2 or 1 .4 or 1 :8, the results must 
he multiplied by the appropriate factor — 2, 4, or S a.s the case may be. The 
^tandard is so diluted that the value is 100 ivhen llie colors of tile standard and 
the unknown are alike, and the procedure is carried through upon the nn- 
diluted supernatant fluid as previously de.scrihed. The factor 1.01 is nsed 
because the total volume of blood plus tungstic acid solution is 2.02 c.c., and the 
amount of blood contained in it is 0.02 c.c. A simplified expression of the for- 
mula is- - , Dilution of supernatant fluid — Jig. glucose per 100 c.c. of blood. 

The method was standardized by making simultaneous determinations by 
the method of Folin and Wu“ and by the technique described upon samples of 
o.valated venous blood. The results are presented in Table I, in which both 
the actual and the percentage differences between the two values are given. 
It is evident that in spite of the errors inherent in measuring such small 
laantities of blood, the agreement is close enough to suggest that the method 
should be satisfactory for diagnostic purposes. Tlie percentage difference 
between the two metliods has been summarized in Table II. 


Table H 

Pm Ce.\t Difi'erexces Between the Results bv the Folix-Wu Method .ixd the Micro- 


method 


PER CENT RANGE 


NUJfBER 

0 to 5 

y 

pairs of values 

5.1 to 10 

12 

pairs of values 

to.l to 15 

y 

])airs of values 

^Over 15 

1 

pair of values 


If the method is applied to diagnosis, however, there are certain facts 
'eh should be kept carefully in mind. Such a method cannot be considered 
a satisfactory substitute for the standard analytical procedures upon venous 
ood, for it is j^t possible to obtain the same degree of accuracy in measuring 
eiy small amounts as in measuring larger ones. The nature of the difference 
ween capillary and venous blood must also be kept in mind when the re- 
ts are interpreted. In the fasting condition it appears tliat there is no sig- 
cant difference between the blood sugar concentrations in the two parts of 
s circulatory system," but after the ingestion of carbohydrate this difference 
I* “^Icn large"-" and an interpretation of results obtained upon such material 
terms of normal values based upon analyses of fasting venous blood might 
p'ly lead to mistakes in diagnosis. Conservative interpretations must cer- 
C'h y be made after food has been ingested. 

m no foi' the determination of sugar in very small samples of blood 

V - c.c.) is described. The method is based upon a modification of the teeh- 
C'fiiie of Folin and JIalmros. The results obtained agree closely with those 
hplicate analyses by the method of Folin and JVu. 
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A COMPARISON OP METPIODS USED IN THE DETECTION OF THE 

SICKLE-CELL TRAIT*' 


L. W. Diggs, SI.D., and V. D. Pettit, lAI.D. 
]\'Iemphis, Tenn. 


M ethods have been advocated for the detection of the sickle-cell trait. 
These include the f olloAving : ... 

1. Moist Preparation (Enimel, Quoted by Cook and Meyei, and 
A drop of capillary blood is sealed under a cover slip and examine^^^ 
scopically at intervals thereafter. A change of shape of the 
discoid to bizarre “fish-fin” and multipointed forms is ^ is 

or the sickle-cell trait. The moist preparation has been Avidelj a op 
the method most Avidely used in diagnosis and in surveys of the sic i 

2. Gas Chamber Method (Hahn and Gillespie^). (.]ianiber. 

citrated saline is placed on a cover slip and inverted over a sma o 
The edges are sealed. Carbon dioxide is passed through the c lam 
shape of the cell is observed microscopically. , is 

3. Moist Stasis Preparation (Scriver and Waugh). fof 

placed around the proxunal portion of the finger and alloAve o re 
minutes. The distal end of the finger is then punctured, an tlml 

dax’k blood is sealed imder a cover slip (Pig- !)• Serivei an ano-Aeniii’ 

the red blood cells sickled more rapidly Avhen collected un ei 
conditions than Avhen the blood Avas collected Avithout stasis ^ ^ |.|oqu 

4. Test Tube Method (Beck and Hertz=). A drop of to preve»‘ 

to fall in a saline citrate solution in a test tube. Paraffin oi is a 


blood is 


exposure 


iu a tsaime eiLime soiutiuii m a tcoo uuuv.. tv-foiU’ 

re to air. The preparation is alloAved to stand for tAien 


houis ‘ 


•From the Division of Medicine, University of Tennessee, Memp 
Received for publication, October 16, 1939. 
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room temperature. Formaldehyde, 10 per cent in normal saline, is then added 
to fix the cells and to prevent their reversion to the round form on exposure to 
air. iloist preparations of the fixed cell suspension are examined microscopi- 
call)'. 

5. Moist preparations Plus Dyes and Other Chemicals (Hansen-Pruss®). 
Clean slides are covered with a thin film of chemical in solution, and the film 
is allowed to dry. A drop of blood from the finger is taken on a clean cover 
slip and placed on the prepared slide. The j)reparations are sealed with 
vaseline and examined microscopically. 

Hansen-Priiss noted that the erythrocytes sicklcd faster and that the 
number of positive case.s detected in an unselected gi’oup of negro patients 
was greater when brilliant cresyl blue, Janus green, methylene blue, and 
sodiiun cyanide were used than when the blood was untreated or when neutral 
red was used. 

Because of the various methods advocated and tlie lack of evidence sup- 
porting the superiority of one method over another, a comparative study of 
the various methods used for the detection of the sickle-cell trait was made. 

G\S CHAMBER METHOD 

The gas chamber method is an ingenious metliod for the study of the fac- 
tors involved in the sickling of erythrocytes, but it is impractical as a routine 
procedure. Special equipment and skill in manipulation are required. In our 
hands, the gas chamber method was less reliable than the ordinary moist, stasis 
moist, and test tube methods. Graham and McCarty.^ and Scriver and 
Cooley,® and others have likewise found the gas chamber method to be un- 
satisfactory. 


iMOIST NONSTASIS AND MOIST STASIS WITHIN ONE HOUR 

I'wo moist stasis and two moist iioiistasis preparations were made on 40G 
'inseleeted colored patients at the John Gaston Hospital. The preparations 
"ere examined within one hour after being made. One hundred erythrocytes 
"eie counted in each preparation, and the percentage of sickled cells was 
noted. The moist stasis preparations revealed sickling within the first hour 
ut 26 instances, whereas the moist nonstasis preparations revealed sickling 
I" 10 instances. The percentage of sickled cells in the two preparations of 
"•ood taken from the same patients and made by the same tecliniciue varied, 
west variations were noted in the number of sickled cells in preparations 
Ifom different patients. The number of sickled erythrocytes was significantly 
bloater in the moist stasis preparations than in the moist nonstasis prepara- 
hoiis. The average percentage in the 26 positive stasis preparations was 35 
Pnn cent, whereas the average percentage of sickled cells in tlie 10 positive 
"onstasis preparations was less than 1. In no instance did tlie nonstasis 
Pfcparation show sieldiug in excess of the stasis. From these observations it 
“'lelnded that the stasis moist preparation is superior to the moist uonstasis 
Preparation when the readings are made within one hour. 
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MOIST NONSTASIS, MOIST STASIS, AND TEST TUBE METHODS IN TWENTY-FOUR HOURS 


On each of the 406 unselected colored patients noted, a test tube prepara- 
tion was made along with the two moist nonstasis and two moist stasis prepa- 
rations. The technique as advocated by Beck and Hertz,® was followed as 
carefully as possible. 

Of the 406 unselected eases, 37 were found to have erythrocytes possessing 
the ability to sickle in at least one of the preparations, an instance of 9.1 
per cent. Of the 37 positive eases, the moist stasis was positive in 36 instances. 
With the test tube method the readings were positive in 35 instances. A\ith 
the moist nonstasis preparations there were 31 instances of sickling (Table I). 

The percentage of cells siekled in twenty-four hours in the stasis prepara- 
tions was greater than in the test tube in 23 instances, less than in the test 
tube in 7 instances, and essentially the same in 6 instances. The a\eiaoe per 
centage of cells siekled with each method at the end of twenty-four ours is 
given in Table I. 

Table I 


methods 

ONE HOUR 1 

24 HOURS 

INCIDENCE 

AVERAGE % 
SICKLING 

incidence 1 

SICKLING 

Stasis 
Nonstasis 
Test tube 

26 

10 

35 

1 

36 

31 

35 

45 

46 


In two instances in which the stasis moist prepaiation was ^ 
the test tube was negative, the percentage of siekled eel s m e ^ 
preparations was 94 and 20. In one instance in which the stasis p 
was negative and the test tube wms positive, the percentage ot 

the test tube was less than 1 per cent. _ Tirpnaratioii 

From these observations it is concluded that the , -g method 

and the test tube methods are more reliable than the mois n .gp^jation 
for the detection of the sickle-cell trait, and that the stasis m 
and the test tube methods ai’e of about comparable re la i tube 

the simplicity of the stasis moist preparation in compaiiso ^ can 

method and the fact that the reading in the stasis niois I to be 

often be made immediately, the stasis moist piepaia ion 
superior to the test tube method as a routine proce uie. 

VITAL DYE, MOIST STASIS, MOIST NONSTASIS, AND TEST TUBE ^ 

An attempt was made to repeat the work of Hansen P ^ p^pjjt 

pare the stasis, nonstasis, and test tube methods wit i yjtal 

preparation method. A comparison was also made e w (Tabled)' 

dye moist preparation and the nonstasis vital dye moist jjy Hans^‘ 

The vital dyes were prepared and placed on the sli es as o used- 

Pruss, except that 95 per cent alcohol instead of aisou n. jgjy after 

imnicuiu • _ 


rruss, exuexjL Luat vo jjci uchl ^ ininieuiateiy 

The moist preparations were examined microscopica y jjjg 

turning from the ward to the laboratory, and a secon ^ nonstasis 

day. The test tube preparation was made with blooc 
and the reading was made at the end of twenty-foiu lom 
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In this series of experiments tlie blood of 51 uiiselected colored patients 
was examined; sickling was demonstrated in S. The percentage of sickled 
cells in each preparation made from the 8 patients are given in Table II. 


Table 11 


MOIST STASIS 


MOIST NONSTASIS 


CASES 

NO 

DYE 

METH. 

BLUE 

NEUT. 

RED 

B. C. 
BLUB 

JANUS 

GREEN 

NO 

DYE 

METII. 

BLUE 

NEUT. 

RED 

B. c. 

BLUE 

JANUS 

GREEN 

TEST 

TUBE 

Percentage of Erythrocytes Sickled IViihin 1 Hour 

1 1 

DO 

20 

25 

0 

20 1 

0 

0 

0 

0 

0 


2 

30 

90 

40 

0 

90 

4 

83 

0 

0 

60 


3 

91 

90 

91 

0 

73 

4 

30 

3 

0 

6 


■} 

100 

100 

03 

0 

100 

O.l 

100 

01 

0 

95 


5 

10 

1 

1 

0 

0 

0 

1 

0 

0 

0 


() 

10 

1 

1 

0 

0 

0 

J 

0 

0 

0 


7 

70 

63 

60 

0 

60 

10 

(i 

3 

0 

6 


8 i 

SO 

85 

75 

0 

80 

20 

25 

10 

0 

10 


Average 

G9 

69 

58 

0 

53 

22 

41 

14 

0 

22 1 




Percentage of Erythrocytes Sickled TTif/im 

24 Hours 



i 

92 

96 

94 

94 

90 

54 

ini 

0 

0 

35 

1 S3 


93 

98 

50 

15 

97 

30 

93 

II 

1 

93 

1 

3 

92 

H 

93 

0 

H 

74 

83 

H 

0 

0 

1 0 

i 

100 

100 

95 

0 

100 

95 

100 

94 

0 

100 

1 79 

5 

85 

81 

82 

0 

H 

84 

89 

56 

0 

H 

80 

C 

80 

88 

93 

0 

70 

75 

80 

70 

0 

70 

' 75 

7 

80 

80 

80 

0 

70 

75 

SO 

70 

0 

70 

75 

8 

100 

100 

95 

0 

90 

100 

100 

93 

0 

90 

70 

Average 

90 

91 

85 

14 

89 

■ 72 

91 

67 

mjm 

78 

68 


: Hemolyzed. 


^ A study of the findings in this table reveals that brilliant eresyl blue in- 
hibits the sickling of erythrocytes. Thi.s is in agreement with our past ex- 
perience with brilliant cre.syl blue, for we have noted in hundreds of brilliant 
eresyl blue moist preparations of blood from patients with sickle-cell anemia 
m which the reticulocytes were being studied that the sickling was not as 
marked as it was in the moist preparations in which no dye was used. 

The sickling was more marked in methylene blue moist preparations than 
>a Janus green or neutral red moist preparations. 

The stasis in the absence of dyes was more effective in producing sickling 
than dyes without stasis. The pevecutage of cells sickled in preparations 
"■ith both dyes and stasis was no greater than in preparations with stasis in 
uhich 110 dyes were used. 

The stasis method in this series yielded a greater percentage of sickled 
cells than did the moist nonstasis or the test tube methods. 


COMMENT 

The test tube method of Beck and Hertz yields sickled erythrocytes 
which are preserved in formalin and which are clearly defined and readily 
diapiosed. For the preservation of cells for teaching purposes, and for e.x- 
Pfrinieiital studies of the effect of various substances on the sickle-cell phe- 
nomenon, the test tube method is recommended. As a routine method of diag- 
nosis of sicklemia, however, the test tube method is inferior to the stasis moist 
Pneparatioii, for it is a little less reliable, and it is much more complicated, 
ospeiisive, and time -consuming. 
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the sielding of eoythroeytes ie an exceltaToM^Th'"’ '"‘7 
Janus green, or neutral red as a routine n, i ' aiethylene blue, 

advantage over the stasis moist preparatiL^l' S’ 
a more expensive and less practical method ’ disadvantage of being 



Figs. 1-4. Stasis moist preparation for the detection of tlie sickle-cell trait. 


The ordinary moist preparation is the simplest of all, but it is less reliable 
and requires a longer period of waiting before the reading can be made than 
does the moist stasis. 

It is recommended that the moist stasis preparation be read tvlieneter 
convenient after the preparation is made, but that the preparations in 
the reading is negative within the first few hours be left for twenty-four hoars 
at room temperature before the final reading is made. It is also advisable to 
make more than one moist stasis preparation, for sometimes the blood doe= 
not spread well, the seal is not complete, or the cells become hemolyzed. 
should also transfer the blood from the puneture wound to the slide lap' - 
and prevent in so far as possible the exposure of the drop of blood to the a 
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CONCLUSION 

The most reliable and the most practical method for tlie detection of the 
sickle-cell trait which has yet been devised is the moist stasis method of Scriver 
and Waugh. 
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THE USB OF A SINGLE ANIJIAL FOR TESTING THE 
VIRULENCE OF C. DIFIITHERIAE” 


JiAKaARET Beattie, A.B., On. P.H , Berkeley, Oalif. 


TN 1924 PrasoT and Wigliam' iniblisliod a pi-eliniinai’y note on the use of 
1 hitraoutaneous tests on rabbits for determining the potency of diphtheria 
toxin and the virulence of diphtheria cultures. They reported that the varia- 
tion between the reactions on individual rabbits was slight, and advocated 
the use of a dose of antitoxin five hours after tlie tests tvere placed, in order 
to preserve the animal at least until tlie comidetcd reaction could be ob- 
served. A control test, using a known virulent strain, was included. They 
further recommended tlie use of the rabbit as assiu'ing economy in time and 
omraals, facility in reading reaetious, and uniform basis for comparing several 
reactions on the same rabbit. 

In 1926 Fraser and "Weld* described a teclinique for intracutaiieons test- 
•og on rabbits whereby a single anim,al could he used both as a test and as a 
control animal. This was accomplished by the intravenous administration 
of a large protective dose of antitoxin five hours after tlie test injections 
Were placed, after whicli the test culture suspensions were injected into 
parallel skin areas on tlie other side of the rabbit. The rabbit was converted 
i»to a control by this dose of antitoxin, and tlie te.st was read by comparing 
die reactions on the two sides. 

The use of tlie technique described by Fraser and AVeld (1926) for de- 
loraiining the relationship between toxin iirodiietion and iiitraeutaiieous 
piviiloii ce of recently isolated diphtheria cultures was reported in 1931 by 

•From the Department of Hygiene, University of California, Berkeley. 
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Mader and Halpern.^ These workers reported a variation of from 10 to 40 
mm. in the diameter of the lesion in the cidtures tested. They also used a 
known virulent strain as a control. This control culture, according to Mader 
and Halpern, yielded a “fairly constant reading between twenty-five and 
thirty millimeters in redness, hemorrhage and necrosis. ’ ’ 

Fraser, Halpern, and Roy’’ in 1939 introduced another modification of the 
technique for the testing of virulence of diphtheria cultures by the intra- 
cutaneous inoculation of a rabbit. A mixture of culture suspension and 
antitoxin was inoculated into another skin area on the rabbit at the same time 
as the test culture suspension, an obvious saving in time and animals. A 
survey of diphtheria strains isolated from cases in California was in progress 
at the time this new modification of technique was described. Because many 
strains were to be tested for virulence and because white rabbits were avail- 
able, the 1939 modification of the technique was adopted in place of the intra- 
cutaneous test on guinea pigs used in the department of hygiene since 1922'’’ ' 
for tests on both pure and field (mixed) cultures of diphtheria. 

Pure cultures, isolated as single colonies from potassium tellurite-blood 
agar plates, were cultivated on Loeffler’s medium. The growth, after forty- 
eight hours’ incubation, was suspended in Stone’s solution.^ The use of tins 
solution insures the retention of the toxin in the skin as it is formed. Hie 
culture suspension was divided and placed in two test tubes; to one portion 
diphtheria antitoxin was added (0.2 c.e. containing approximately 400 units 
for each 2.5 c.e. of test suspension), so that the mixture served as a eoiitro 
suspension; the unneutralized portion was the test suspension. One-tent i 
cubic centimeter of each portion was injected into rabbits bj'’ the intracutaiieous 
route. The control was placed approximately 2 cm. below the test suspension. 
Female white rabbits were used so that the hair could be plucked H’om 
sides, thereby insuring a relatively unirritated skin area foi inocu a lo^^ 
This method for preparing the .skin is superior to clipping, shaving, oi ej^^^ 
of a depilatory for producing an area adequate in size and con ition 
the least effort on the part of the worker or discomfort to the 
tests were observed at twenty-four-hour intervals for^ four ^ jjje 

eurrence of a red, indurated, and necrotic area at the site of injec 
test suspension, and of redness and induration only at the site o ^ (],e 

of the test suspension, was interpreted as a positive reaction 
toxin produced by virulent diphtheria bacilli. The reaction vas^ 
inconclusive when more induration, without necrosis, was o sen 
than in the control injection. A negative reaction was ec 

of redness and induration, which decreased in intensity a 


hours, were noted at both injection sites.'^ _ die 

Since the morphologic characteristics and cultuial of nega- 

cultures tested had been typical of true C. dipMhericte, tie the need 

tive and inconclusive virulence tests by this new technique jaboratoiT- 

for retesting with the technique familiar to the positive re- 

All cultures which had yielded inconclusive reactions pi 

♦The intracutaneous injection of Stone’s solution alone 'svill 
area which fades rapidly. 
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actions both on t'liinca pigs and on other rabbits wlien retested. Culture.s that 
liac] yielded inninestionably negative reactions on rabbits were then included in 
the group, sub,jeet to retesting on other rabbits and guinea pigs. Upon re- 
testing, some of these were positive on both test animals. Suhsetpiently, sev- 
eral sets of tests, with freshly isolated strains, were done in duplicate on rabbits 
and singly on guinea pigs. It was observed that certain rabbits e.xhibited 
negative and inconclusive reactions to culture.s which induced positive reac- 
tions on other rabbits and on guinea pig.s. In order to discover what propor- 
tion of variation occurred in tests on raliliits a scries of experiments were 
nndertaken. 

Test Cultures. — .set of 1(1 pure cultures of virulent diphtheria bacilli 
was selected; thirteen of these cultures had varied in reaction on two or more 
rabbits hut had produced iiositive virulence te.sts on guinea pigs. Three cul- 
tures of the gravis type, which had always reacted positively on all rabbits and 
guinea pigs, were included as controls Four gravis, five intermedins, and 
seven mitis strains irere used. 

Preparation of Culture Su.ipensiou — In order to obtain a sufficient amount 
of suspension, several slopes of Loefllcr’s medium were inoculated with each 
test culture. This was accomiilishcd by deliveriiiH. with a pipette, portions of 
a saline suspension of the growth on a Loetller's slope onto the surface of each 
of .several .slopes. Complete seeding of the surface was accomiilished by rotating 
the inoculum carefully before placing the tubes in the incubator. After forty- 
eight hours’ incubation the growth on each slojie was suspended in 2 c.e. of 
Stone’s solution. A pool of the suspensions of each test culture was divided 
into two parts, to one of which diphtheria antitoxin was added as in the pre- 
liminary tests, A stained smear from each test culture was examined to confirm 
the presence of diphtheria bacilli in pure culture. Subcultures were made from 
one tube of each test culture in order to verify the viability of the inoculum, 
because of the color and consistency of the suspending solution, only a rough 
estimation of the relative opacity of the suspensions could be made. 

Test Animals. — Female New Zealand white. New Zealand red, and Himalaya 
rabbits from several sources were used. All were mature animals, weighing 
2,500 Gm. or more. Considerable dillcrencc in age wa.s evident; variation in 
skin texture was noted. White guinea pigs, weighing 300 Gm. or more, were 
used. Most of these were females. The skin areas on the rabbits were prepared 
h.v plucking as previously described. The guinea pigs were plucked and .shaved. 

experiments 

Four groups of animals were tested at ten-day intervals. Each set con- 
sisted of 1C to 18 rabbits and 8 to 16 guinea pigs. In each experiment some 
•mimtsls received test suspension only, so that the reaction to cultures could 
lie observed in the absence of antitoxin in the skin. Those injected with 
both test and control sinspensions were designated as test animals. Some of 
these test animals were given the control suspensions on the same side .and 
below the test suspension, while others w'ere given the test inoculations on 
the right side and the control inoculations on the left side. Sixteen tests 
were placed on the rabbits, and 8 on the guinea pigs. All injections were 
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made by one person who had had sufficient previous experience to assure the 
nniforniity of the inoculations. The injection site was changed in each set of 
tests to eliminate the chance of one culture being repeatedly placed in an 
unfavorable skin area. The reactions were observed daily for four days. 

In the first series 3 of 5 control rabbits died before twenty hours had 
elapsed. Thereafter all control rabbits received a subcutaneous following 
dose of 1,000 units of antitoxin five hours after the test injections were placed. 
Despite the use of a following dose of antitoxin, all control guinea pigs of the 
first series died in less than twenty hours. A new lot of antitoxin was used in 
the next two groups, but in twenty-four hours the contral guinea pigs were 
either dead or so ill that the tests could not be aceiu’ately read. In the last 
experimental group the control guinea pigs were given 1,000 units of anti- 
toxin as a following dose. All these guinea pigs lived at least forty-eight 
hours. 

Eeaetions %vere classified as positive ivhen the central area of necrosis, 
Avhieh finally became scabbed, was 3 mm. or more in diameter. Keaetions 
were classified as inconclusive ivhen the necrotic area was less than 3 nun. 
in diameter, but the development of the lesion ivas at the same rate as positive 
tests on the same animal. Eeaetions were classified as. negative when no necrosis 
wa-s observed, or when no reaction could be detected after three days. 


Table I 

Reaction of Anuials to the Inteacutaneous Inoculation of a Test Series of 
Cultures op C. Diphthekiae 



control 

anbials 

TEST ANIilALS 



ALL 

REACTIONS 

POSITIVE 

VARIABLE 

REACTIONS 

ALL 

REACTIONS 

POSITIVE 

tabiable 

reactions 

total 

Rabbits 

13 

o 

O 

7 

29 

52 

40 

Guinea pigs 

IG 

1 

14 

9 


RESULTS 

Pifty-two rabbits received intracutaneous injections of a set of 
cultures of diphtheria bacilli (Table I). Sixteen of these, 
trols, received injections of test suspensions alone. All tests weie p 
13 of these rabbits, while 3 exhibited inconclusive or negative tests giJnea 
suspensions that yielded positive reactions on other rabbits an 
pigs. Thirty -six rabbits were used as test animals, receiving ^ 
control suspension. Twenty-nine of the 36 rabbits showed inconc iisn^ positive 
tive reactions to the injection of test suspensions which m 
reactions on control rabbits and guinea pigs, whereas only i reac e 

to albinjections. ^ iTable D- 

Tests on guinea pigs yielded more uniform reactions ( yeactious 

control guinea pigs were inoculated with test suspensions. » 

Avere positive. Only one guinea pig shoAved variation m reae lo i„. 

tion of virulent diphtheria cultures. TAventy-three ^imea p „ 
jections of both test and control suspensions. Nine of these 
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or more negative or inconclusive reactions to test suspensions which induced 
positive reactions in control rabbits and guinea pigs, while ll reacted posi- 
tively to all tests. 

Two test strains (both intez'mediate type) frequently gave inconclusive 
or very small reactions on control animals. When test animals were in- 
jected with these strains, the reactions wei’e usually inconclusive or nega- 
tive, although large typical reactions wex'c ol).served on a few test and some 
control animals. Two of the 3 gi'avis control strains were uniformly positive 
reactors on all animals tested. Each of the other 12 test stimins reacted 
positively on some animals in an experimental group, but gave negative or 
inconclusive reactions on other animals in the same or aziother group. 

Differences in size, age, breed of rabbit, skin area injected, or texture 
of the skin could not be correlated with the variation in reactivity of the in- 
dividual rabbit to virulent diphtlicria bacilli. Of the 29 test rabbits (injected 
with both test and control suspensions) from 2 to 14 tests were inconclusive 
or negative on a single rabbit. Marked differences in the rate of develop- 
ment of lesions on individual animals wei'e noted. The differences in size and 
character of the lesions in their ear\y stages were especially noticeable. The 
reactiozis on the control rabbits w'ere uniformly and obviously larger than 
those on the test rabbits, though the same variation in rate of development 
and character of lesion was evident in individual rabbits in both test and 
control groups. 

The reactions on control guinea pigs were larger than those on test guinea 
pi&s. Variation in the rate of development in individual guinea pigs was 
noted, but there was less difference in the character of the lesion in guinea 
pigs than in rabbits. No difference in reaction was observed in rabbits or 
guinea pigs when the control suspensions were inoculated on the same side 
as the test suspensions or when all control su.spensions were inoculated on 
one side. 

DISCUSSION 

Previously intracutaneous tests for potency' of vaccinia virus (unpublished 
"Ista) had shoxvu such variation in rabbit I’eactions that these results with C. 
^Wheriae were not unexpected. It is evident that individual rabbits may 
fail to react to the injection of virulent diphtheria bacilli so that virulence 
hsts on such animals might be falsely reported as negative. The use of a 
control test culture will not solve the problem since, in these experiments, only 
- of IG virulent cultures reacted positively on all rabbits. 

The use of one rabbit for a set of tests, which is made possible by the 
^ujectioii of a control suspension, evidently increases the hazard inherent in 
Ihe use of rabbits as test animals. Only 7 of 3G rabbits yielded positive re- 
sults in all tests with pure cultures of diphtheria bacilli. It is reasonable to 
suppose that the amount of antitoxin in the control suspensions is responsible 
for the fact that more than twice as many test as control rabbits failed to re- 

to tlie intracutaneous injection of C. diphtheriae. Tlie technique described by 
Pmser and his co-workers decreases the reliability of tlie intracutaneous viru- 
{^§1; pji rabbits. 
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The guinea pigs inoculated in these experiments were primarily intended 
as a control group. As variation in the reactions on test guinea pigs was 
noted, the number of animals was increased beyond the original plan. The 
results of these experiments are suggestive, but many more tests must be made 
in order to discover how frequently individual guinea pigs vary in tlieir re- 
sponse to the inoculation of suspensions of the diphtheria bacillus. The pub- 
lic health laboratory technician is frequently called upon to test a few cultures 
for virulence. It would be economy in time and animals if one guinea pig 
could be used for these tests, as would be possible if both test and control sus- 
pension were inoculated at the same time. Since,, it seems evident that guinea 
pigs exhibit less variation, it may be possible to discover a safe adaptation 
of the method by reducing the amount of antitoxin in the control inoculum 
and the number of tests performed on one animal. This problem is being 
studied at this time and will be the subject of a later report. 


CONCLUSIONS 

1. The rabbit is not a suitable animal for the assay of virulence of C. 
diphiJieriae by intracutaneous inoculation. 

2. The use of a single rabbit for virulence testing by the simultaneous 
inoculation of test culture suspensions and control suspensions containing 
antitoxin does not yield reliable results. 

3. Experimental evidence is presented which suggests that guinea pigs are 
less subject to variation in reaction than are rabbits. This will be investigate 
further. 

4. The simultaneous intracutaneous inoculation of test culture suspeu 
sions and control suspensions containing antitoxin causes eonsideia e ran 
ation in the reaction of guinea pigs but less than that noted in rabbits.^ 
evidence corroborates that presented by the experiments with contio a" 
pigs which indicates that individual guinea pig variation may occur. 
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RAPID iMETHOD FOR THE ISOLATION OP KERASIN FROM A 
GAUCHER SPLEEN* 

Ikvin(} Allkn Ivayk, A.B., SLSc., Bhooklyn, N, Y, 


J^ERASIN is a characteristic component of tile lipid fraction in Gaucher’s 
disease and is used as a chemical confirmation of the diagnosis. For this 
reason, it is desirable to develop simple methods for its isolation and identifica- 
tion. 

Kerasin is usually isolated from organs after preliminary drying and 
e.Ytraction of lijiids. Rosenheim* aecomplislicd both processes in one step by 
repeated extractions of wet organs with acetone. The kerasin was then 
isolated by extracting the dried residue with warm pyridine. More recently, 
^leConiiell, Forbes, and Apperly^ extracted a dried spleen from a case of 
Oaucher's disease with acetone and ether repeatedly until the residue was 
lipid-free, and then e-xtracted the kerasin front the residue with hot alcohol. 

I employed both methods for the extraction of kerasin from a Gaucher 
spleen. The latter method gave a purer product. At the same time a method 
was devised for the extraction of kerasin which would entail no previous 
drying or repeated extractions with acetone and ether. It was found that 
kerasin could be removed completely and in a very pure state simply by drying 
the spleen with plaster of Paris and extracting the dried organ with hot 95 
per cent alcohol. The alcohol on cooling deposited a bulky white precipitate 
of kerasin. 

I'BOCEDUKE 


Plaster of Paris was added slowly and mixed with about 500 Gm. of finely 
n’loimd spleen until a thick paste was formed. This was allowed to set for 
about an hour, then ground to a fine powder in a mortar. The powder was 
then extracted with 1,500 ml. of boiling 9.5 per cent ethyl alcohol. The sus- 
I'ension was filtered while hot through a large Buchner funnel, and the filtrate 
JJa-s cooled to 0° C. in a refrigerator. The precipitate formed on cooling was 
tered with the aid of suction, and the alcoholic filtrate was used for further 
attractions of the splenic material. This process was repeated seven more 
sues until no precipitate was formed on chilling the alcohol. 


.. . precipitates of almost pure kerasin were combined and freed of 
Pid inipurities by extraction over a period of four hours with ether in a 
xalet extraction. The melting point of the dried material was found to be 
' “t)l° C. Repeated recrystallizations from methyl and ethyl alcohols 

material which started to melt at 189° C., and melted with decomposi- 


From the Pediatric Research Laboratory. tl«* Jowivli Hospital of Brooklyn. Brooklyn, 
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tioii at 204° C. Further purification, following the method of Bloom and 
Kern,^ gave a product with the same melting point. A positive selenite test 
was obtained according to the procedure of Rosenheim.^ 

Hydrolysis with sulfuric acid in methyl alcohol gave a precipitate which, 
upon reerystallization from acetone, melted at 57° C. This corresponds closely 
with the melting point of the methyl ester of ligiioceric acid which Rosenheim 
prepared by the same procedure and which was found to melt at 57° to 58° 0. 
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RENAL DISEASE, Urea Beabsorption and Relation Between Creatinine and Urea Clear- 
ance in, Arkin, A., and Popper, H. Arch. Iiit. JIe<l. 65: 627, 1940. 

The clearance of urea and that of endogenous creatinine were compared in 87 cases 
of normal and of pathologic conditions in order to estimate the reabsorption of urea. 

Urea reabsorption is constant during the same day, but not on different days. It 
is slightly diminished during fasting in moderate glomerular disorders, such as acute 
glomerulonephritis, benign liypertension, nephrosis, and extrarenal glomerular insufficiency. 
It is markedly diminished in many cases of seveie damage to the kidneys, as in chronic 
aephritis, maUgnant hypertension, pyelonephritie coutiaeted kidney, and extraglomcrular 
acute nephritis (1 case). The lowest rate of reabsorption was found in pyelonephritie con- 
tracted kidney. 

The decrease in urea rcabsorption, usually conibincd with disturbed filtration and 
reabsorption of water, may depend on two factors: the decrease in the urinary concen- 
tration and the presence of damage to the kidneys. 

^Vith severest damage to the kidneys the urea clearance may exceed the creatinine 
cleaiance. This may bo interpreted as an indication of urea secretion. 

Uremia duo to reabsorption in renal disease docs not e.\ist. On the contrary, stronger 
aatiosmotic forces are effective at the tubular barrier against the back flow of urea. This 
mechanism is probably compensatory in order to prevent urea retention with decreased 
filtration. 

angiitis, Experimental Infectious, Wmternitz, M. C., and LeCompte, P. M. Am. J. Path. 

16: 1, 1940. 

Various bacteria were introduced under aseptic technique into the adventitial tis- 
sue (more rarely on a thread into the lumen or into a doubly ligated stretch) of femoral, 
jugular, and carotid vessels of goats. By varying the virulence of the organism and the 
duration of the experiment, lesions of both artery and vein were obtained, ranging from 
acute suppurative and proliferative reactions with thrombosis to old, fibrous intimal 
plaques. A potential vascular pathway for passage of infection from vein to artery has 
been demonstrated in both goat and man by injection methods. 

RHEUhlATio PEVEB, Weltmann Reaction and Sedimentation Time During, of Child- 
hood, Klein, E. I., Levinson, S. A., and Bosenbluin, P. Am. J. Dis. Child. 59: 48, 

1940. 

The Weltmann reaction and the sedimentation rate were studied in 110 cases of 
rheumatic fever of childhood and in 10 cases of subacute bacterial endocarditis. The 
rheumatic fever group was made up of 26 cases of chorea, 32 cases of acute rheumatic 
arthritis without carditis, 39 cases of acute carditis, and 13 cases of cardiac decompensation. 

!• The sedimentation rate ivith chorea, although usually normal, may at times be in- 
creased. This increased rate may be related to a previous infection. The Weltmann re- 
action with chorea is almost always either normal or increased. 

2. Acute rheumatic arthritis and carditis are characterized by a rapid sedimentation 
rate and a low coagulation band. The coagulation baud returns to normal before the sedi- 

raentation rate. 

In cases of cardiac decompensation the sedimentation rate tends to slow, and the 
coagulation band tends to increase the values, depending on the severity of the decom- 
pensation in relation to the degree of infection- 
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4. The three pathologic stages of rheumatic fever, exudative, proliferative, and 
flbrotic, are reflected in the Weltmann reaction. 

5. An increased sedimentation rate does not ahvays mean that the rheumatic infection 
i.s still active. The patient may be convalescing in a phase which is pathologically termed 
the proliferative stage and still have a rapid .sedimentation rate. 

6. The Weltmann reaction is of value in tlic study of rheumatic fever, complomenting 
the sedimentation rate; it may be of aid in the differentiation of subacute bacteria! endo- 
carditis from acute rheumatic carditis. 


LEAD POISONING, Glycosuria in, Goettsch, E., and Mason, H. H. Am. J. Dis. Cliild. 59: 

119, 1940. 

A single ca.so of lead poisoning with glyco.suria is reported in detail. Studies carried 
out on this patient show that the height of the blood sugar was consistently normal or 
lower than normal, and that the urinary concentration of sugar remained relatively con- 
stant irrespective of the diet. The glycosuria persisted for five weeks, and the eoncenUa- 
tion of urinary sugar fell as couvalescence progressed. The studies are compatible witli 
the suggestion that the condition in lead poisoning may he classified as renal glycosuria. 
The suggestion is supported by a survey of 8 cases of lead poisoning with glycosuria in 
children. In 5 of the cases in which determinations were made, the blood sugar values 
were normal; in 3 cases in which dextrose tolerance curves were obtained, the curves were 
not of the diabetic type. Glycosuria does not seem to alter the prognosis in cases of lead 
poisoning in children. 


COMPLEMENT FIXATION, A Simplified Technic, Its Sensitivity and Specificity, Gill- 
man, R. L., Boemer, P., and Lukens, M. Arch. Dermat. & Syph. 41: 32, 1940. 

The authors have described a new modification of the complement fixation test for 
syphilis, which has been determined to be more sensitive than the Kolmer modi 
and the Kahn flocculation test, altliough less so than the Eagle flocculation test, There a. 
been no loss in specificity. , 

The Boerner-Lukens modification of the complement fixation test the' re- 

simplification through the use of an easily prepared antigen and the addition o^ 
agents in combination. There ensues less labor and cost and the addition o imP 
supervision. . 

In a series of 1,500 tests, there were 20 instances of lack of accor w sj 
all of which are analyzed against the clinical status of the patient. 

The continuance of the use of two or three tests for the seiologic eiu 

syphilis is urgent. _ _ . . Ihat 

A closer rapport is necessary between the serologist and the clinician, in 

the patient’s interests may best be served. 

StlLPAPYEIDINE, Pathologic and Histologic Changes Following Oral Adnimistrati 

Antopol, W., and Robinson, H. Arch. Path. 29: 07, 1940. ^ 

Urolithiasis occurs after the feeding of sulfapyridine to monkeys, r. ^jigther 

The concretions can he either redissolved or washed out. It cannot be asc ,yj,u(lier it 
the formation of the urolith is always an independent precipitation kidney, 

is at times dependent on primary degenerative or vascular changes 

, Test, Pearse, A. L. J’”®'*' 


TUBERCULIN TEST, The Patch Test and Mantoux Intradennal ' 
B. L., and Glover, V. A. J. A. M. A. 114; 237, 1940. 


tuberculin pnki' 


Seven hundred and trvelve school children were given ^ ^ derivati'®- 
test and the Mantoux test, first and second strengtli purified P''“ nerrative, 
Six liundred and sixteen had either both tests positive o: o^ 
centage correlation between the two tests in this series being 87 p u. 
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Sixty-seven Iincl positive patch ami negative ifantoux tests. 

Tiie tuberculin patch tost has a high degiee of correlation nitli the Mantoiix test and 
appears to give 7 per cent more positives than the Slantoux. 

The authors conclude that the tuberculin patch test is ns reliable as the Mantoux. 
Its ease of application and nontrnumatizing character make it superior to the Jlantoux 
test in other ways. 

They believed for these roason.s that the tuberculin patch test is the method of choice 
in large scale tuberculin testing, especially for cliildrcn. 

CEREBROVASCULAR ACCIDENTS, Duration of Life After, Newbill, H. P. .T. A. M. A 

114: 236, 1940. 

Sudden death (within two hours) from ceiebiovascular accidents is the exception 
rather than the' rule. 

Hemorrhage i.s more likely to be responsible if deatli occurs within twenty-four 
hours of the onset of symptoms, while thrombo.sis is far more cnnnnon in patients sur- 
viving tor more than ono month. 

The average survival period after thrombosis is appioxiinately fifteen times as long 
as after hemorrhage or embolism. 

There was a distinct dififercnce in the survival periods of the white (105..? days) and 
the Negro races (64.8 days). This ditTerenco w.as confined mainly to the patients with 
thrombosis, 

There was an equally distinct difTerence between males (37.3 days) and females 
(129,1 days). Hero again the essential difference was found to be in the group with 
thrombosis. 

When apoplexy occurred between the ages of 21 and 60, the average survival period 
^as one month or longer. Death usually occurred within one montli when the patient wn.s 
below 21 or above CO years old. The maximal .survival period fell nifhin tho 30 to 40 year 
year group, heio averaging 141.0 days. 

A.s would bo expected, tho location of the lo'ion and tho numbei of lesions were im- 
portant deteimining factors in tho survival period. 

pregnancy, Study of "False" Friedman Tests for, Randall, L. M., Magath, T. B., and 

Pansch, F. N. J. A. Rf. A. 114: 471, 1040. 

The Friedman test is ba.sed primarily on the fact that if aatcrior pituitary-like 
hormones arc present in the urine in certain amounts, they will be demonstrable by typical 
reactions in tho ovary of the rabbit. While the test is not a test of pregnancy from an 
academic point of view, to all practical purposes it is so if tho correct technique is followed. 

The Friedman test is, tlierefore, ba&ed on quantitative con.siderations. Excretion of 
the gonadotropic principle of the anterior lobe of the hypophysis in tho urine in excess 
amounts may be re.sponsible for .a positive Friedman reaction in tho absence of pregnancy’. 

Among the several physiologic and pathologic states other than normal pregnancy 
■^hich may give a positive reaction are Iiydatidifoim mole, chorio-cpithelioina, tho meno- 
pause, menstrual disorders, such as primary ovaiian failure, treatment with preparations of 
Iho anterior lobe of the pituitary gland, and crrois in technique. 

A negative reaction to tlic Friedman test prior to the seventh week after the last 
aienstrual period may not be conclusive, although authentic po‘«itivo leartions may be ob- 
amed much earlier, frequently within four w’ceks after impregnation. A test that gives 
acgative resnlts before tlie seventh week should bo repeated later. 

I^NEUMOCOCCIC infections, Treatment of, m Children With Sulfapyridine, Christian, 

H. S., Jorgensen, G. M., and Ellis, C. Am. J. Di-. ('hild. 69: I, J940. 

Sulfojiyridine was u&od in tbo trcatiiiciit of 140 patient.'} with pneuniococcic infections. 

* 0 patients ^^c^o left untreated for contiols. Among the 100 patients with pneumonia only 
death occurred. For 9 of the 13 patients with imcumococcic bacteriemia tho blood 
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Books and Monographs for Review should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 


Diseases of the Skin" 

A BOOTS which is still widely used twenty-three years after its first appearance, and 
which has gone through a total of ten editions, reejuires no introduction. The tendency 
of such volumes is to become- progres-sively larger in succeeding editions. This book has 
followed this tendency', containing now over 1,500 pages. However, this does not imply 
simple additions to previous pages, for the present edition has been revised and reset. 
Its large size is merely evidence of the tremendous increase of knowledge and observations 
in the held. 

The illustrations are startlingly good and most abundant. This is an essential feature 
of all good texts on dermatology. 

New aspects in dermatology that have been adequately covered include the allergic 
dermatoses and dermatoses associated w'ith constitutional maladies. 

This is an excellent reference volume. 


Mathews’ Physiological Chemistry t 

T wenty-five years ago “Mathews” was a standard text in 
used by the present reviewer in his student days. With the 
new discoveries and the more or less continuous changing of teachers, niauj ,^g,jicine. 
and prescribe their ow'n texts, a quarter century is a long life for any oo v 
It must very' nearly approach a record. The fust edition appeared in 
until 1932 either a reprinting or a new edition appeared every y'ear excep 
came a lapse of several years, until the present sixth edition appeared in > ep 

One can follow in his imagination the mental attitude of an starld 

year after year in his successive revisions, at last becomes surfeited witi w Pecomes 

as a pastime and had ended as a task. After the lapse of sufficient begiuuirft 

interested and enthusiastic. The fresh approach enables him to star ^ textbook 

with no subconscious regrets at cutting widely' in many' places. Tie loader in tke 

of biochemistry', up to date, which stands as a monument to a pioneer 


There are two general parts, with many subheadings. The ® :,igred as a 
Protoplasm and the Cell”; the second is “The Mammalian Bo y 

The section on Laboratory Outlines and Laboratory' Methods contains nearly 

is published separately by E. C. Koch. Even with this omission 

1,500 pages. ^ pro- 

♦Diseases of the Skin. By Richard L. Sutton, 
fessor of Dermatology, Uriivereity of Kansas, “ University of revhei 

A.M., M.D., L.R.C.P. (Edin.). Associate jDerra|“','J^f^ations and 21 color plat 
Medicine. Cloth, ed. 10, 1.549 pages, \vith l,4o2 I 939 . Clo*' 

enlarged, and reset. The C. V. Mosby Company St j^u.s M , p 

tPhysioIogical .Chemistry: A Text-book StudeM^.^^ ^ ^ Baltimore, Md- 

ed 6 1,488 pages, with 113 illustrations, $ 8 . 00 . \v 1111 am 
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Stiain 7 was isolated from a furuncle in 1917 T+ ■ 
does not produce any hemolvsis ‘ nonpigmeiited aiij 

rabbit red blood cells. This strain of stanrT coutaming 

These staphylococci werf Z produce torn, 

2 per cent dextrose. It was buffered aTdftfuH*^ broth medium (Difco) with 
amounts of a 2 per cent solution of q if ''•2- Varying 

series of tubes containing this medium ” 'ST tolT ' 

pyridine was 5 0 o o TL-Tr, l volume of broth and sulfa- 

pressure The folio ' foi’ twenty minutes at 20 pounds 

pressure. The following amount of sulfapyridine was put into each tube: 


SERIES 

1 

2 

3 

4 

5 

6 
7 
S 
9 

20 

11 

12 


QUANTITY OP SULFAPYRIDINE 

1.0 c.c. of 2.0 per cent solution 
0.75 c.c. of 2.0 per cent solution 
0.50 c.c. of 2.0 per cent solution 
0.25 c.c. of 2.0 per cent solution 
1.0 c.c. of 0.2 per cent solution 
0.75 c.c. of 0.2 per cent solution 
0.50 c.c. of 0.2 per cent solution 
0.25 c.c. of 0.2 per cent solution 
1.0 c.c. of 0.02 per cent solution 
0.75 c.c. of 0.02 per cent solution 
0.50 c.c. of 0.02 per cent solution 
0.25 c.c. of 0.02 per cent solution 


iia./c.r. 

4.0 

3.0 

2.0 
1.0 
0.1 
0.3 
0.2 
0.1 
0.01 
0.03 
0.02 
0.01 


• of tubes showed a small quantity of sulfapyridine 

r, . autoclaving. The quantity of sulfapyridine 

precipitated decreased, however, with each dilution. 

^ oui dilutions of each of the three strains of staphylococci were used fo 
inoeu ate a group of the tubes containing the sulfapyridine as follows: (A) 
a twenty-four-hour broth culture; (B) a 1:10,000 dilution; (0) a 1 : 1 , 000,000 
dilution; (D) a 1:10,000,000 dilution of the culture used in (A). A wire loop 
was used to transfer the inoculum. The medium ivas incubated at 37.5° C., 
and growth was observed at twenty-four-hour intervals. The quantity of growth 
in each tube is indicated by pluses, the greatest by 4 - + + -f and the least by +. 

u es ai e ^ marked ? in which it was questionable ivliether or not there was 
any bacterial growth. No growth is indicated by 0. 

The result of this experiment is shown in Chart 1. From these data it b 
evident that sulfapyridine has a bacteriostatic effect on each strain of staph.d^ 
^eci used in this study. The greatest effect was produced on strain 7- 
Blood agar plates were poured with a 1 .-10,000,000 dilution of each strain of 
staphylococci, and every plate showed too many colonies to count. Other e-^ipiTi 
ments in which the colonies were counted have shown, hoivever, that the nunibu 
of bacteria per unit of inoculum will not account for this variation in gioj'*^ 
of the three strains of staphylococci in the same concentrations of sulfapyd mi 
The bacterial growth was smooth in all the tubes containing broth 
sulfapyridine during the first forty-eight hours. At this time some of 
began to show a slightly granular appearance. Strain “Wood” showe ^ 
change more than either “A-0 ” or “7.” The number of granules J 

increased and accumulated in the bottom of the tubes. An apparent dhninii 


in growth accompanied the formation of granules in the medium. 

This granular type of growth observed with the three strains of stap^.^^^ 
cocci suggests that some change may have occurred in the organisms during 
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Chart 1 — The effect of diffcient concentrations of sulfapyrWino on the growth of three strains 
of staphylococci m vitro. 


period in whicli they were in the presence of sulfapyridiiie. To determine 
^^hether the organism had been changed by the action of snlfapyridine, three 
Sioups of 14 different sugars in bi’oth were prepared. These sugars were 
Rioculated with each of the three strains of staphylococci which had been grow- 
in the presence of snlfapyridine for forty-eight hours. The control inoculum 
the same three cultures gi’own in only extract brotli for twentj’-four hours. 
The fermentation reactions after forty-eight hours were the same for the group 
staphylococci grown in the presence of snlfapyridine as they were for tlie 
staphylococci in the control medium. 
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The rod blood cells were suspended in saline in 1 per cent concentration. 
4 = Complete lysis of red blood cells. 

3 = 75 per cent lysis of red blood cells. 

2 = 50 per cent lysis of red blood cells. 

1 = 25 per cent lysis of red blood cells. 
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«hicr‘‘A 0”'and ‘‘w“ !>■ ” T"' «>Ifapyridine in 

1 • as shown in Chart 1, 

this elwnneal exerts a greater haeterieidal aot.on on one strain of stapTv o 
coco, han npon a, .other. The aksenee of any .rowth after .seventy-two hours 
m oerta.n ubes .noeulated with strai.. “T- suggests that suIfapj-riLe mav l" 

umbers Each tube .noeulated with strai.. "T- in groups B and D, as sho.vn 
Chart 1 was eultnred. Tl.e tubes we.-e sbaken, a.,d a wi.-e loop of inoculum 
was placed m extract broth. The o..ly tubes showi.,g a positive growth after 
forh-e.ght hours’ .neubation were the tubes i.ioeulated from those shmrin- a 
defin.te growth. These results suggest that the bacteria in these tubes ap- 
parently were dead at the time the second group of tubes was inoculated. 



sOiphy.ococc. strain "7" on surface of blood aear plates A, Plate 
Sraphed affo- * sulfapyridine per cubic centimeter of blood a^r. B, Control for .rl. Photo- 
““•er twenty-four hours. 


f>econd experiment was made to study the effect of sulfapyridine on the 
Srowth of staphylococci. In this, three different concentrations of sulfa- 
Dndine, 1, 5, and 10 mg', per c.c., were added to infusion blood agar. An equal 
quantity of this blood agar was then put into a group of Petri dishes. The 
control was blood agar with no sulfapyridine. 


The control medium and the three groups of Petri dishes with sulfa- 
!!t^!?****^ blood agar were inoculated with strains “A-0,” “’Wood,” and 

'• The plates were incubated at 37.5° C. for twenty-four hours. There was 
. diminution in the size of the colonies on the blood agar plates with 

10 rag. per c.c. of sulfapyridine when compared with the controls. The 
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colonies from strain “7” were also much smaller than those inoculated witli 
“A-0” and “Wood.” Fig. 1 shows the colonies from strain “7” after grow- 
ing on blood agar for twenty-four hours in the presence of 10 mg. per e.c. of 
sulfapyridine ; A shows the bacteria growing in the presence of sulfapyridiiie; 
B is the control. 

The amount of hemolysis that occurs around the individual colonies is 
decreased in those plates with sulfapyridine as compared with the controls. It 
is interesting to note, however, that the width of the hemolytic zone around 
the colonies is always proportional to the size of the colony. 


EFFECT OP SULFAPYRIDINE ON HEMOLYSIS PRODUCED BY ST.VPHYLOCOCCUS TOXIN 


In the preceding experiments it was found that hemolysis occurred around 
staphylococcus colonies growing in the presence of sulfapju’idine. The present 
experiment is a further study of the effect of this drug on the hemolytic, the skin 
necrotizing, and the lethal factor in staphylococcus toxin. 

One hundred milligrams of sulfapyridine were added to 2 e.c. of staph} lo- 
coccus toxin. Only a small amount of the drug was soluble even after thorougi 
shaking. The toxin-sulfapyridine mixture remained together for fifteen minutes 
and was then titrated. Washed rabbit red blood cells in a 1 pei’ cent m me 
suspension were used in the hemolytic titrations. The results of this expenmen 
are shown in Table I. From this table it can be seen that there is no di eience 
in the degree of lysis produced by staphylococcus toxin alone and b) stap ^ 
coccus toxin in the presence of sulfapyridine for fifteen minutes befoie i m 

To study further the action of sulfapyridine on the hemolysis 
staphylococcus toxin, the following experiment was performed: ® 
from a rabbit were carefully washed four times in large volumes o sa 
cubic centimeter of these washed cells Avas put into each of 
ing 100 c.c. of saline. Sulfapyu-idine in quantities of 10 mg., 10 nio-i “ 
mg., respectively, xvas added to three of the flaslts; the fouith 
trol. The red blood cells remained in the presence of the su apj n i 
hours, after Avhich time 1 c.c. of the different suspensions of re Igxin. 

added to a series of tubes containing decreasing amounts of stap } ow 
The results of this titration are shoAvn in Table II. It is evi en lo 
that rabbit red blood cells treated with various concentrations o si 
for two hours react to the hemolytic action of staphylococcus 


as red blood cells suspended in saline. ^gl. 

The failure of sulfapyridine to inhibit hemolysis amounts 

loAving experiment : A group of blood agar plates, containnia a de- 

of sulfapyridine, Avas prepared in the same mannei as t lose aarefulb' 
scribed in this paper. Three drops of staphylococcus toxi^^^ ^\fter two 
dropped from a capillary pipette onto the surface o t le p jj^^yijator at 
hours the toxin Avas absorbed, and the plates Avere p acec produced 

37.5° C. There Avas no difference in the size of the ^ control medium- 
by the toxin on the plates containing sulfapyridine anc , jj,j. jp mg- P'^'' 

This hemolysis is shoAvn in Fig. 2. The milfapyriine- 

cubic centimeter of sulfapyridine, Avhile B contains i 
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Fig. 2. — Hemolysis produced by staphylococcus toxin on blood agar plates. A, Plate 
contains 10 mg. of sulfapyrldlne per cubic centimeter of blood agar B, Control for A. The 
degree of hemolysis is tlie same on both plates after twent\-foui hours. 



the MKiS* ^-T^kin necrosis produced by the intradcnnal injection of staphylococcus toxin In 
A simu.:!*’ One-tenth cubic centimeter of toxin diluted 110 with saline was Injected at A. 

of toxin with 10 mg. sulfapyridino per cubic centimeter was Injected at B. 
traphed after twenty-four hours. 

effect of SULPAPYRIDINE on SKIN-NECROTIZING FACTOR IN ST^VPHYLOCOCCUS TOXIN 

Pour rabbits were used in this experiment. Tlie skin was carefully shaven 
^''Mty.four hours or longer before the toxin was injected intradermally. 
duplicate injections were made into each animal. The staphylococcus toxin 
"’as diluted in saline in which there was 10 mg. of sulfapyridine per cubic 
centimeter. Two rabbits were given 0.1 c.e., and two were given 0.2 c.e. of 
•ae toxin-sulfapyridine mixture. A similar concentration of toxin in saline 
"■as given each rabbit for the control. There was some variation in the size 
the necrosis in the same rabbit where the toxin was injected and also where 
the toxin-sulfapyridine mixture was given. The necrosis was smaller in 
“me of the areas where sulfapyridine and toxin were injected than it was 
"here only the toxin was given. This variation is not significant, however, 
Slice there is a variation in the size of the skin necrosis when tlie same amount 
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of toxin is given to a single rabbit. Fig. 3 shows the necrosis produced by 
0.1 c.c. of staphylococcus toxin given intradermally at A, and the necrosis 
produced by a similar amount of staphylococcus toxin and sulfapyridine at B. 
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Chart 2.— Percentage of death in mice given staphylococcus toxm intrapentonM^ 

staphylococcus toxin containing 20 mg. of suif^pyndme per cup». 

EFFECT OF SULFAPYRIDINE ON LETHAL FACTOR IN STAPHYLOCOCCUS TO.' 

Normal white mice were used in this study. The toxin vas 
peritoneally, and the animals were observed for forty-eight period, 

centage of death was based upon the number of mice dying dm mo 
The toxin was diluted 1 :10 with saline. Twenty milligiams o 
per cubic centimeter were added to this diluted toxin. The toin 
suspension and the toxin Avere injected immediately followmo 2 It is 
number of mice injected and the per cent of death axe shown m 
evident from these data that sulfapyridine in the concentiation jn 

at the same time as the toxin, has no inhibitory action on e 
this toxin. 

DISCUSSION 

It is cA'ident from the data presented in this paper tha ^ j^hibitio'^ 
tract broth is bacteriostatic for staphylococci. The ^^5 used in 

groAvth apparently is proportional to the on staphylo<=“‘^‘^‘ 

these experiments. This inhibitory action inoculum, 

apparently can be demonstrated more easily AVith 
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Different strains of staphyloeoeei vary in their susceptibility to the action 
of siilfapyridiiie. It is interesting to observe that tlie strain of staphylococcus 
iiiost susceptible to the action of siilfapyridine in this experiment is a non- 
toxm-producing organism. In contrast to this, the two strains of staphylo- 
cocci most resistant to this drug are hotli toxin-producing organisms. It will 
lie necessary to make subsequent studies to determine whether there is any 
correlation between toxin production and the bacteriostatic resistance of 
staphylococci to siilfapyridine. 

'Ihe failure of strain “7” to grow in siilfapyridine within a period of 
seventy-two hours suggests that this drug may be bactericidal. The absence 

0 growtli^ in extract broth in the tuhes containing siilfapyridine suggests 
that certain strains of staphylococci were either killed by this chemical or 
died spontaneously during the interval. 

The^ appearance of a granular typo of gro%rth in the tubes containing 
su apyridine after forty-eight to seventy-two hours might suggest that the 
acteria ivere clumped as a result of the action of siilfapyridine. The diminu- 
bon ill growth of the staphylococci parallels the development of these granules, 
ese observations indicate tliat there is a varialion in tlie susceptibility of the 

1 lee strains of staphylococci to a similar coneonfration of siilfapyridine. Keefer 
an Eaiitz* have also found a considerable variation in tlio bactericidal effect of 
su anilaniide on different serologic types of streptococci. IMoyer'^ lias described 
a c uinping of hemolytic streiitoeocci in a serum medium containing a sulfanil- 
ami e-sugar compound, which is apparently similar to that observed in the 
present experiments witli staphylococci grown in siilfapyridine. 

All the experiments in which staphylococcus toxin and siilfapyridine were 
tox' indication tliat this drug inliibits any of the actions of this 

xm. Tliis observation is interesting in view of Carpenter's studies with 
Lat toxin and sulfanilamide. Carpenter and his associates®’^ found 

toxii/^^ uction of staphylococcus toxin for mice was inhibited wlien the 

Riwi niixed with sulfanilamide preceding an intraperitoneal injection, 
skh Avery, in unpublisiied experiments, found that the hemolytic and 

action of staphylococcus toxin was not inhibited by either 
anilamide or siilfapyridine. The inhibition of hemolysis about colonies of 
jloeocci growing on blood agar plates in the presence of siilfapyridine is 
1 rently due to the bacteriostatic action of the drug on the organism and 
to any specific effeet of the drug upon the hemolysin. 

SUMJLVRY 

in extract broth has a bacteriostatic effect upon staphylo- 
diff ^ however, a considerable variation in the action of this drug on 

®^^uins of staphylococci. There is some indication from this study 
^^^^upyridine may be also bactericidal for some strains of staphylococci 

^'J'en grown in vitro. 

eo ^_®uiolytic, the skin-necrotizing, and the lethal factors in stapliylo- 
‘^cus toxin apparently are not affected by sulfapyridine. 
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THE ACTION OP DIGITALOID GLUCOSIDES ON THE 
VASOMOTOR CENTER® 


Philip Blickensdorfer, Ph.D., and H. A. McGuigan, M.D. 

Chicago, III. 


I N ANIMAL experiments, digitalis and its allies, when injected intravenous!), 
may raise the blood pressure as high as 300 mm. Ilg or more. The effi- 
ciency of the heart, as shown by Cushny,^ is insufficient to account for the 
whole phenomenon. It is assumed that the vasomotor center is involved, au 
that the rise is due to a constrictor action on the arterioles. The object of t i3 
report is to present evidence of a direct action of digitaloid glueosides on t le 
vasomotor center. 

Digitalis Given Intravenously . — The average fatal dose of digitalis of th 
strength of the International Standard is 1.2 mg. per kg. weight hi t le 0 ^ 5 , 
when given at the rate of 0.1 c.c. per kg. every five minutes.- The 
rise slightly from the beginning, but not significantly, until about 
toxic dose has been administered, that is, until toxic symptoms , 

manifest. In most cases the total rise is about 60 mm. Hg. In n jlie 

centage of cases the rise may be enormous. This rise, occurring 
toxic stage, suggests a central action, since the heart at this tune 1 
inefficient. 

Although digitalis injected intravenously may cause at first a ^ 

rary fall of blood pressure, this does not occur with propei a 
fall of pressure is due to too rapid injection, injection shoe h 
elicited by almost any substance injected rapidly. In tlie j,) tlie 

present evidence to show the direct action of digitalis on t e ce 


nervous system. _ s of 35 

Method . — Dogs are anesthetized with intraperitoneal inpc jig. 

of pentobarbital per kilogram body weight. To show cen la ..jiciE* 

. , ..f Tllinoia. college of Mt 

•Prom the Department of Pharmacology. University 
Chicago. 

Keceived for publication, September 23, 1939. 
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italoid di'ii*' is injected directly into the fourth ventricle. A continuous record 
of the blood pressure before and after the injection is made. 

Injection is easily done by inserting a hj'podermic needle into the region, 
making the puncture about 1 inch to IVi; inches below tlie occipital protuberance, 
with the head bent sharply toward the chest. The flo\v of the clear fluid is 
proof of the location. Following such puncture, Iiowever, the blood pressure 
returns rather rapidly to the normal level (Fig. 1), 



1. Rapid rise in blood pressure InduceU by mechanical irritation of floor of fourth ventricle 
by hypodermic needle. 



2 — Rise in blood pressure effected by 0-75 xnff. ouabain injected into the fourtli \entricle. 


One may occasionally irritate the vasomotor center or tract and immedi- 
^Iclj raise the pressure to enormous heights (300 mm. Hg). After such in- 
digitalis may be inactive centrally. The rise due to digitaloid dnigs has 
^ slo^ver onset and persists much longer. 
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Eff&ct of Digituloid Drugs Is Not Dub to Irritant A.ction. — -It is iiecessaiy to 
rule out local irritation. It is well known that an irritant action readil}' occurs 
if hypertonic salt solutions are injected into this region. We believe irritation 
by hypotonicity or hypertonicity has been ruled out by the slow effect in many 
cases, and also by the absence of irritative reactions, such as muscular twitch- 
ing, or immediate change in blood pressure. 

Action of Ouabain. — We commenced with ouabain because of the very dilute 
solutions needed, and because it furnished a clear solution comparable with 
the cerebrospinal fluid. Fig. 2 shows the typical effect of ouabain. 

Digifoline N.N.R. — Sterilized digifoline contains no alcohol or glycerin, and 
is a clear solution containing the active ingredients of 0.1 Gm. digitalis leaf in 
2 c.e. Fig. 3 shows the effect of this preparation. 


"trnwni 



3. — Change in blood pressure effected by digifoline injected into the fourth 

Fig. 4 shows the effect of digifoline evaporated and dissolved in 70 per 
alcohol. Note that the action develops rapidly and persists. Alcohol 
no such action on blood pressure. It is rather surprising the volume o 
that maj'- be injected without affecting the blood pressure or ple^entlnD 
digitalis action. 

That alcohol has little influence, except in hastening the onset of ^^a^ 
due presumably to hastening penetration, is shown by Fig. 5- ^ 

tained similar effects with an infusion of digitalis. ^ 

Paralysis of the Vasomotor Center by Alcohol. — One can, witli 
doses of alcohol, paralyze the vasomotor center so that digitalis gn en 
has no effect. Fig. 6 shows this effect. Note that in ^ this e.xpei ime 
relatively large amounts of spinal fluid were replaced with alco lo , 
of digitalis centrally caused no rise in blood pressure, but the peiip > 
of digitalis was still obtainable. _ -nerieiicc 

Relative Susceptibility of the Vital Centers to Alcohol .— °that artifii-’b' 
in this work the respiratory center is the first to be ^ „ter, as in- 

respiration is needed throughout the experiment. The vag 
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FI?. 4. Rapid rise In blood pre^jsure effected by dlcifulirie residue dissolved in 70 per cent 
alcohol. Compare with more gradual use sho^vn iit Fig 3. 



effect — Small quantities of alcohol injected Into the fourth ventricle have no appreciable 

«fTects a ri pressure, while tincture of digitalis residue suspended In 20 per cent alcohol 

use in blood pressure to 310 mm. Hg. 
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(licated by the effect on tlie blood pressure tracings, is tlie second to be paralyzed, 
while the vasomotor center is inueh more resistant. 

Tinciurc of Diyitulis . — A commercial .standard tincture (containing 70 per 
cent alcohol), which we had tested in the usual way on dogs, was given intra- 
venously. It was nece.ssary first to test the effect of the alcohol. If properly 
injected, alcohol e.xerts a depressant action onl}-. Occasionally, however, one 
may get a pronounced rise of pressure. Indeed one may get a rise to 300 mm. 
Hg in this way, which is not due to alcohol but to direct stimulation with the 
needle. It is necessary, therefore, to rule out puncture stimulation. One may 
inject see oral times the volume of alcohol (3 e.c.) used in the tincture of digi- 
talis (1 c.e.) without preventing the digitalis rise in pressure. Such doses of 
a cohol usuallj- paralyze the respiratory center so that artificial respiration is 
necessary. By injecting larger volumes of alcohol, one may depress the center 
to such a degree that digitalis following the alcohol is inert. Fig. 7 shows the 
tj-pical effect of a solution of digitalis in dilute alcohol injected into the fourth 
ventricle. 

SUJIMARV AND CONCLUSIONS 

The central action of digitaloid glucosides in raising the blood pressure is 
showm. That there is also a peripheral factor involved is also indicated. After 
the central action has reached its maximum in man.v cases an added rise may be 
obtained by injecting the drug intravenoiLsly. 

REFEItBNCES 

tin Digitalis and Its Al)ie.s, Now York, l£i25, Longniantt, Green tc Co., p. 145. 

-. cDnigan, B. A., and lIcGuigan, il. A.; J. PliarniacoJ & Esper. Therap. 63: 76, 1938. 


quantitative PROTHROilBI.N AND HIPPURIC ACID DETERillNA- 
TIONS AS SENSITIVE REFLECTORS OF LIVER DAJIAGE 
IN HUMAN SUB-JECTS* 


Sloan J. Wilson, Columbus, Ohio 


the development of quantitative methods for the determination of 
plasma protlirombin by Quick,' and Warner, Brinkhous, and Smith, ^ 
e liver was established as an extremely important intermediary in the pro- 
ction of this coagulation element. Various investigators have rejiorted a 
G^iease in prothrombin associated with liver damage, hut no attempt has been 
|*iade to correlate the level of the ]>lasma prothrombin witli varying degrees 
^ hepatic damage or with the results of the various common liver function 
^ Smith, AYarner, and Brinkhous rcjiGrted a marked decrease in pro- 
^ lonibm after severe chloroform-induced liver damage in dogs. The extirpation 
75 per cent of the liver in rats’ resulted in a temporary decrease of 30 to 

^f*lumbus°”' Division of Meilicui Kesearch, Department of Medicine, Ohio Stale University. 

Aided by a (jrant from the Comly Research Fund. Ohio State University. 

Uecelved for publication, September 27. 1939. 
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40 per cent in plasma prothrombin, with a subsequent return to normal during 
the ten days to three weeks required for the regeneration of the liver to its 
normal weight. Scanlon, Brinkhous, Warner, Smith, and Fl 3 'nn'’ failed to pro- 
duce an increase in plasma prothrombin with bile salts and vitamin K in an 
individual with cirrhosis of the liver. Stewart' noted that when hypo- 
prothrombinemia occurred with obstructive jaundice, the more severe the liver 
damage the less marked was the prothrombin recovery with therapy consisting 
of bile salts and vitamin K. 

It has been shown that there is no apparent correlation or relationship 
between fibrinogen and prothrombin.^’ ’’ In the present study, observations 
have been made on normal human subjects and on patients with various de- 
grees of liver damage without biliary obstruction or fistulas. The two-step 
method of AVarner, Brinkhous, and Smith was used to determine the level 
of the plasma prothrombin. The prothrombin, expressed in per cent of nor- 
mal, was then compared with the plasma fibrinogen and the galactose, brom- 
sulphalein, and Quick hippuric acid function tests.® 

The one-step methods of Quiek,^ and Smith, Ziffren, Owen, and Hoffman 
do not measure the prothrombin quantitatively in every instance’“; therefore 
they were not used in this study. This is particularly true in some patients 
with hypoprothrombinemia, who have developed a rapid conversion rate o 
prothrombin to thrombin as a compensatory mechanism. In such instances, a 
prothrombin level of 30 to 40 per cent of normal, as determined by the tuo 
stage method, may give a reading of 80 to 100 per cent of normal by metio s 
which measure in one step the rate of conversion of prothrombin to tliiom m 
and the interaction of thrombin and fibrinogen to form the fibrin clot. 


OBSERVATIONS 

In a series of 41 patients without obstructive jaundice or biliary 
the quantitative level of the plasma prothrombin was found to coue a e c 
with the quantity of hippuric acid excreted (Fig. !)■ In addition 
individuals the series included pei'sons with cirrhosis of the ivei, 
syndrome, familial hemolytic icterus, pernicious anemia, ap as ic 
multiple myeloma, polycythemia vera, Hodgkin’s disease, 
all types with various degrees of liver infiltration. In those oOGm.. 

proved liver damage in which the hippuric acid excretion was . ^ ^ ^ ^ 

the prothrombin was found to be 19 to 37 per cent of normal , wi i 
Gm. of hippuric acid excretion, the prothrombin level was 3 to jgyel 

normal; and with 3.9 to 4.56 Gm. hippuric acid excretion, the pio 

was 70 to 100 per cent of normal. ' _ thrombin 

There was no consistent correlation between plasma pio jh 

plasma fibrinogen, particularly when an infectious process p,, 

one patient with aplastic anemia, oral sepsis, continuous higi the 

and a resulting acute hepatic damage, who was ^ elevated 

prothrombin was only 30 per cent of normal, but the admission the 

to 0.531 Gm. per cent. The icterus index was 24 units. ^ 
prothrombin was 94 per cent of normal, and • „ prothron)h>n 

cent. In another individual with aplastic anemia the a n 
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was 69 per cent of normal, the fibrinogen 0.321 Gm. per cent, and the icterus 
index 6 units. Tiiis patient subsequently developed an infection in the gluteal 
region, sustained a high elevation in temperature, became jaundiced (icterus 
index 78), the fibrinogen became elevated to 0.518 Gm, per cent, but the 
prothrombin decreased to 24 per cent of normal. 

The galactose tolerance test was within normal limits in all patients 
studied. There was a wide variation in the results recorded for the brom- 
sulphalein dye test. 



. Fig. ' 
and the Q( 
respective t 
portlonateb 
with a total of 


of plasma protlirombm determination (ordinate) 
In terms of liver damage as measured by these 
i acid output was always accompanied by a pro* 
.0 blood. Each point represents a different patient 


The following two cases of advanced hepatic cirrhosis illustrate the varia- 
tion in the different liver function tests and the levels of plasma prothrombin 
and fibrinogen. 


Case 1 (Fig. o). — K. W., a white male, aged 13 years, was admitted to the University 
Hospital with the complaint of frequent attack.s of epistaxis and bleeding gums of about 
three years’ duration. Positive pliysical findings on admission included icteric sclera, hemor* 
^hagic gunia, coagulated blood in the nares, and enlarged liver and spleen. A diagno.sis was 
aade of Iiepatic cirrliosis with splenomegaly (Banti’s syndrome). Tiie jilasnia prothrombin 
\vas 24 per cent of normal, and the fibrinogen was 0.288 Gm. per cent. Liver function tests: 
Quick htppurie acid test 1.71 Gra.j bromsulphalcin dye retention test (o mg. per kg. body 
height) 10 per cent in one-half hour and 5 per cent in one hour; galactose tolerance test 
2.6 Gm. The icterus index was 13.3 units. After a month '.s observation the patient was 
given intensive therapy with bile salts and vitamin K (the extract from 200 Gm. of alfalfa 
'iaiiy for a period of three months). There was only a negligible variation in the level of the 
plasma prothrombin. The patient continued to have occa.sional attacks of epistaxis and 
hleeding gums but gained in weight and carried on the normal activities of a boy his age. 


Case 2 (Pig. 3).— J. K., a white female, aged 15 years, vomited a large quantity of 
^ood, necessitating two emergency blood transfusions, the day before admission to University 
Hospital. She had liad previous attacks of what was thought to be catarrhal jaundice, for 
Hbich sulfanilamide therapy had been prescribed. On physical examination there was a slight 
jcteric color to the sclera and the skin. The liver was tender to palpation. The .spleen later 
became palpable and ascites developed. The prothrombin on admission, in spite of 1,000 c.c. 

blood received by transfusion, was only 28 per cent of normal, and the fibrinogen wa.s 
®'207 Gm. per cent. Tlie icterus index was 25 units. Liver function te-sts: Quick hippuric 
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hydrothorl” ' splenomegaly, and bilateral 


DISCUSSION 

^ There is a definite correlation between the level of the plasma pro- 
11 om Mil anc the synthesis and excretion of hippiiric acid following the in- 
gestion of sodium benzoate, as measured by the method of Quick. Observa- 
eonfiimed at operation and autopsy have shown that these two tests 
reflectors of liver damage. Other investigators have reported 
^ acid test is a good index of the amount of hepatic damage 

piesent. The observations of AVarner^ with partial extirpation of the 
ivei in lats^ and the resulting hypoprothrombinemia show that there is a 
e nite lelationship between the amount of liver damage and the level of the 
plasma prothrombin. Vitamin K and bile salts have no effect on the level of 
t le pi othrombin when the hypoprothrombinemia is due to extensive injury to the 
parenchymatous tissue of the liver. A decrease in prothrombin in patients 
without obstructive jaundice or biliary fistulas may. not he due to lack of 
vitamin K or to any decrease in the absorption from the intestinal tract.® In 
oiu experience individuals with mild chronic pathologic states frequently 
show a decrease of 10 to 25 per cent in the level of the plasma prothrombin. 

The methods most widely used at the present time for the quantitative 
determination of prothrombin are the two-stage titration technique of Warner, 
Brinlvlious, and Smith,-’ ^ and the one-stage techniques of Quick,* and Smith, 
Ziffren, Owen, and Hoffman.® The two-stage, titration technique is undoubt- 
edly the more accurate but it is difficult to use as a routine laboratory pro- 
cedure. In many instances, however, the one-ste]! method does not measuie 
the quantity of prothrombin because it is an index of many variable factors, 
including (1) the amount of prothrombin, (2) the rate of conversion of pro- 
thrombin to thrombin, and (3) the reaction of thrombin with fibrinogen to 
form the fibrin clot. In the two-step method, the prothrombin is first con- 
verted to thrombin, and the thrombin is then titrated. There is a wide laria 
tion in the conversion rate in various species.*® The ease with which this 
factor may vary and the differences in the results of the two methods ha'C 
been conclusively demonstrated in infants during the first few days of h q 
in which the prothrombin may actually be v'ery low, but because of the i<:pn 
conversion rate normal values are recorded by the one-step methods.* b* 
of our patients (Case 1, R. W.) in whom there was a consistent bfpop*^^ 
thrombinemia secondary to cirrhosis of the liver, the tendency to hemorrhage 
was variable. At times there was a definite compensatory mechamsin 
which the conversion rate was very rapid, the actual prothrombin value jci^o 
32 per cent of normal as measured by the tivo-step method, and 80 per 
of normal by the one-step method. Inasmuch as the one-step 
some instances does not accurately determine the amount of pro i 
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Fig. S^lUustTallng the lack of response of the plasma prothrombin to seventy-mne days 
intensive therapy with vjumin K and bile salts In an indnidual with advanced hepatic cirrhosis 
sna splenomegaly (Banti's syndrome). The flbrmoscn reniamed consistently within normal 
Quick hlppuric acid test was 1 71 Gm. . galactose tolerance test 2 6 Gm. ; and the 
nromsulphaleln dye retention test 10 per cent m one»half hour. 5 per cent in one hour. 



theran^.*^: .?L~~^**^®trating the lack of response of the plaj 
a rlip Vitamin K and bile salts m an Individual w 

turt fibrinogen during an attack of acute 

transfusions had very slight effect on the level of • 


intensive 
There wais 
tempera- 
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being neA'^ertheless an excellent practical measure of the tendency to hemor- 
rhage, the results of such tests cannot be used as indices of IhTi- function. 

There is no consistent correlation between the levels of the prothrombin 
and fibrinogen in the plasma. Smith, Warner, and Brinkhous® reported that 
the prothrombin formation is more easily disturbed than fibrinogen formation, 
and observed an increase in fibrinogen with a sustained low prothrombin level 
during an episode of canine distemper Avhieh complicated the recovery of one 
of their dogs folloAving chloroform-induced hepatic damage. In the two pa- 
tients already cited, who developed a sustained high temperature secondary 
to infection and an acute toxic hepatitis, the same phenomenon was observed. 
It has been shoAvn that uncomplicated fever induced by the Kettering hyper- 
therm may produce liver damage with a resulting hypoprothroinbinemia but 
that the fibrinogen may not be affected.^® Ham and Curtis’® observed only 
slight variations in the fibrinogen level when hyperpyrexia ivas induced by 
high environmental temperature, Avhereas following intravenous injections 
of typhoid vaccine, the level rose sharply. The level of the plasma pro- 
thrombin may be decreased if there is liver damage due to any cause, but 
there is no stimulation to an increased overproduction with concurrent infec- 
tions. Stewart^ emphasized the lack of correlation between the quantitatiie 
prothrombin and the fibrinogen determinations. It Avould seem that theleiel 
of the fibrinogen is an extremely poor index of the relative degree of hepatic 
damage. 

A relatively extensive degree of damage to the parenchymatous tissue of 
the lever must be present before it is reflected in many of the commonly usci^ 
liAmr function tests. This is easily understood as Mann” has shown that man} 
of the physiologic functions of the liver may be maintained at noimal eie^s 
with only a very small portion of the liver intact, or after generalized | 
to the entire parenchymatous tissue. Apparently the ability of the 
form prothrombin from Autamin K and to synthesize hippuric acid fioni 
benzoate is a more sensitixe measure of the amount of liver damaoC P' 


than the majority of the liver function tests. 

It is interesting to note that prothrombin cannot be replaced 
transfusion in sufficient quantity to be of any therapeutic value. 
in the total content of prothrombin in the plasma of the ,„ay 

pendent on the prothrombin content of the plasma of the onoi, 
be calculated on the basis of the direct additive’® effect. Theoie 
transfusion of 500 c.c. of blood containing the normal quantity o pi 
is given to a person Aveighing 70 kg., the level of the plasma 
Avould be elevated only 7 per cent. In one of the cases of ap as -ivithout 
a prothrombin of 30 per cent of normal, daily transfusions hypopr®' 

controlling the hemorrhagic diathesis produced by a ^ pretraus- 

thrombinemia and thrombocytopenia. In another patient wi^^ 
fusion level of 23 per cent of normal, the prothrombin Avas - 
normal after tAvo transfusions of 500 c.c. each. Steivart ° jl,e bleed- 

transfusions appeared to be a rather inefficient method o ‘j}je'’i.eeipie»‘'' 

in"- tendency due to hypoprothrombinemia, as the e ec 
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plasma prothrombin is slight and transitory, and reported an increase of only 
6 per cent in one adult patient wliose plasma prothrombin was determined 
before and after transfusion of 600 c.c. of blood. 


CONCLUSIONS 

1. In the patients here studied, without biliary obstruction or biliary 
fistulas, the quantitative levels of plasma prothrombin and the amounts of 
hippuric acid excreted following the ingestion of a known quantity of sodium 
benzoate (Quick test) would seem to have reflected most sensitively and con- 
sistently the existing degree of liver damage. There was no such suggestive 
correlation observed between these tests and the plasma fibrinogen levels, 
the bromsulphalein dye clearance or galactose utilization, either singly or 
collectively, when all were studied in the same patient. 

2. The one-step methods of Quick, and Smith, Ziffren, Owen, and Hoff- 
niaii do not accurately determine the true quantity of prothrombin in the blood 
plasma of some individuals because of the variability in the rate of its con- 
version to thrombin; hence in some instances the results of the one-step 
techniques, though they are an index of the tendency to bleed, cannot be cor- 
related with variations in liver function. 

3. Transfusions are of little or no therapeutic value in the control of 
the hemorrhagic tendency in individuals with hypoprothrombinemia. 
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A REVIEW OF ADVANCES IN THE STUDY OP AURICULAR 

DISORDERS*' 


Aldo Luisada, M.D., Boston, Mass. 


/CLINICAL research on disorders of the auricles contribute to our knowledge 
of the physiology and pathology of the heart. In man there is need to 
study the possibility of physiologic pathways through the auricular myocardium, 
the constant presence of which Eyster and Meek, Rothberger and his assoeiates, 
and Condorelli have demonstrated in laboratory animals by means of ligatures. 

Some pathways lead the stimulus directly from the sinoauricular node to 
the right auricle (superior sinoauricular bundle, inferior sinoauricular bundle, 
and anterior sinoauricular fibers). An important pathway (the Bachmann 
or interauricular bundle), among others, carries the stimulus from the sino- 
auricular node to the left auricle. Three principal pathways, as Condorelli 
has shown, carry the stimulus from the sinoauricular node to the auriculo- 
ventricular node: (1) the inferior sinoauricular nodal, or AVenckebach bundle, 
arises in the tail of the sinoauricular node and passes along the torus loweiu 
between the venae cavae to the interauricular septum ; (2) the superior sino- 
auricular septal, or Condorelli bundle, accompanies for some distance the Bac i 
mann bundle, then turns doAVUAvard, penetrating the septum; (3) some fibeis 
arise in the posterior part of the sinoauricular node, go aroimd the supeuor 
vena cava, and then penetrate the septum. Before entering the auriculoventucu 
lar node, these three principal pathways meet at the Condorelli crossing point- 
These pathways are not anatomically differentiated bundles in the 
of the bundle of His. Some represent only the shortest route, and, 
pathway of impulse conduction; others seem to be functionally difieren 
AVhen some of these pathways are mechanically interrupted, the 
lows a longer course, and changes in the shape of the electrical wave 
Condorelli crossing point, however, is exceptional in that ligation here 
complete aurieuloventricular dissociation. Although the three s)ecial 

cardiographic leads have thrown much light on auricular disoi 
leads have been devised for attempting to record separately and simu a 
the electrical waves in each auricle, trying to secure more exact an m P 
information. 

JIETHODS 


In 1910 Lewis' observed that placing the electrodes on the c ‘‘j® 
vicinity of the right auricle caused the small and frequent ^ jistind- 
by patients with auricular fibrillation to be much liighei anc moi 


•From the Massachusetts General Hospital, Boston. 
Received for publication, September IG, 1939. 
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In 1924 Ackermanu^ began a new search for such special leads, describing 
a method by which two needles were inserted under the skin in the second and 
fifth interspaces near the right sternal border. He observed that P waves taken 
in this way were particularly high. 

Condorelli^ in 1931 very carefully studied a patient with disordered auricu- 
lar action, using a slight modification of Ackermann’s method; tlie auricular 
waves, produced, he thought, by the right auricle (but actually in all proba- 
bility by both aui’icles), were best recorded with the needles in the second and 
fourth interspaces. A new lead, with one needle in the third interspace at the 
left sternal margin and tlie other near the fifth dorsal vertebra on the left para- 
vertebral line, gave a record of auricular waves which lie tliouglit might repre- 
sent left auricular activity. Laiifcr,^* ® working in my laboratory, applied 
Condorelli’s leads to further patients, and Lian, Meriden, and Odinet® described 
an anterior lead for the right auricle and a posterioi- lead for the left auricle. 

Lieberson and Lieberson^ in 1934 introduced their teclinique, which W'as 
an important advance, with one electrode in the esophagus and the other (the 
so-called “indifferent electrode”) on tlie left leg. 

In 1935 I® made a furtlier advance in developing this ne\v method of 
auricular registration: a thin bipolar sound placed in the esophagus near the 
Jeft auricle recorded the waves of this auricle; another record of auricular 
action was made by moans of two plates, one applied to the tongue and the 
other over the xiplioid process, to represent prevalently riglit auricular action. 

After careful study of fourteen different combinations of leads on the same 
patient, the esophageal method was chosen because its aim of securing a dif- 
ferentiation from the riglit or combined auricular P wave (P right) of the 

(P left) seemed a possibility for tlie following reasons : 

1. Higher voltage of the left auricular wave as compared with the voltage 
of the ventricular complexes. 

2. Shorter duration of the left auricular wave. 

3. Shorter P-R interval. 

The longer P-R interval and the higher voltage of the riglit auricular wave 
^vere the reasons that the mouth-xiphoid inetliod was cliosen. By lliis technique 
^^0 registration of waves from what was thought to be the right auricle ap- 
peared as good as in Condorelli's method, wliile the left auricular waves were 
^ore satisfactory than in previous methods. 

. Taufer and Rubino'*-" and Sossai*- applied this teclinique systematically 
|o all patients with cardiac disturbances in my laboratory for several years, 
*^ater, Brown,“ Zarday,'* and recently Deglaude and Laubry,^^ and Spuhler'" 
applied the unipolar esophageal metliod to many patients with auricular dis- 
orders. 

In 1937 de Chatel and Hussey*' in Rothberger’s laboratory recognized the 
possible clinical value of the bipolar esophageal method after applying it to tlie 
Oq! but Were uncertain of its preference to the unipolar method. 
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Sossai^- made this clear, however, the following year from a comparative 
study of the two techniciues on many patients with differing rhythms in the two 
auricles or with delayed conduction to the left auricle, disorders which will be 
explained more fully later. 

With one electrode on a distant part of the body, the recorded P waves 
represent the activity in both auricles, even though the other electrode is placed 
near the left auricle. To record the activity in the two auricles separately, 
therefoi-e, the so-called “indifferent electrode” cannot be used.® This is in 
accord with the recent conclusion of Kossmann and Rader.^“ 


In man, records of activity in the proximal part of the left auricle by the 
bipolar esophageal method are usually excellent, and, as a rule, show no clear 
evidence of the more distant parts, including right auricular activity. IVlien 
left ventricular hypertrophy is present, as in aortic regurgitation, small ventric- 
ular waves may appear. Registration of right auricular activity is less satis- 
factory because high ventricular waves are seen, showing that the currents ot 
all the heart muscle are recorded ; when there is marked delay in contraction ot 
the left auricle, small inverted deflections mark the activity of the left auricle, 
they are, however, smaller than right or combined auricular waves. 

The best comparative method is obtained by simultaneous records tluouji 
the use of a double-string galvanometer. When this is impossible, it is nwes 
sary to take a mechanical record (e.g., a carotid pulse) with each elec tfr 
cardiogram and to measure the interval from the beginning of the P ''eves ^ 
the beginning of the pulse wave, because in the esophageal lead the 
usually small and obscure. The interval between “P right” wave and ^ 
wave can easily be measured on the records taken by means of the doub e 
galvanometer. Working with a single-string galvanometer and 
record, this interauricular interval equals (“P right” wave j„ 

left” wave pulse). In the new leads usually the 
the esophageal lead, because the excitation of the left auricle pijsio 


occurs slightly later than that of the right. 

The proximity of the electrodes to the auricular (jjat no 

most certain that normally the entire electrical activity is it is 

isoelectric phase exists. When the left auricle is much enlarge , o 
theoretically possible that the distance of the electrodes froni 
auricle and the changing axis of the auricle relative to the electio e 
initial isoelectric phase of the “left P” wave. This would lessen 


of a recorded delay in contraction of the left aiu’icle. 

The normal interval between the beginning of the P > th 

the beginning of the “P left” wave is so brief (0.01 to 0- on 

various methods for registering auricular activity must ^ e e 
jects with abnormally long intervals or auricular dissociation. 


jects with abnormally long intervals or auricuiai uxoauv, 

•In experiments on the sinoauricular electrogram obtain a pbt''* 

in the sinus region and the other on the right Jf^tained by means o£ two 

ing the sinus activity that is as short and early as that oo 
in the sinus region. 
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coronary or t‘‘e lelt uunole in a patient with aortic regurg 

f»rthenBht a„ricfef '''' 


fMmimmimiwmMMmfi 



Comparing these new leads Avith the three classical leads, Laufer* found 
>at the P waA'e is often Avider in the latter. lie found that the longer P-B 
"herral recorded in the peripheral leads (that of the second lead) usually is 
'Inal to the P-B interval in the ncAv lead for the right auricle. Differences in 
' P-R interval in the three classical leads, then, are pi-obably due to the 
°* Worse recording of the currents given from the Iaa’o auricles in the 
erent leads. Normally the P waA-es of the tAA-o auricles are not absolutely 
“'Wultaneous, and in pathologic conditions they may be further separated. 
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>e«aSriHe‘'\ccOTdfnc to 

(Prom ■« ‘he right auricular 


‘MANAMA 





*• , 
tion) in 


-- — , '“ ^the lert^auricle^ eurve), very small, irregular waves (Uflbnih- 
the right auricle, the deflectfnn='‘/7%K Possible that there is only one circus movement Is 

(From Rubino^®,) enections in the left auricular curve being due to irregular radiatloia 


CLINICAL INVESTIGATION OP AURICULAR DISORDERS 

Scherf and Sliookoff, Rothberger and Scherf, Condorelli, Sclierf, and 
le eek, and others have studied intensively experimental disorders of die 
aiuicles , Groedel, Dressier, Mahaim, Condorelli, and many more have ia'csfi- 
gated clinical auricular disorders by means of the classical electroeardiograpidc 
ea s. The new techniques already described have given a new stinuihis for 
s u y of the problems of the following possible auricular disorders ; ^ 

1. DeJay -in contraction of the left auricle. Condorelli,^ Laufer and Rubino/ 
ossai, ^ and Luisada‘“ have repeatedly observed a delay of the left aurieidai 
eonti action in hearts with enlargement of the left auricle in mitral diseast, or 
with myocardial fibrosis due to eoronaiy atherosclerosis or syphilitic ati(»da o 
the coTonavy mouths. The delayed P wave arising from the left auricle 
be either of normal height and form, or very small — as Rubino*'’ and 
have each described in a patient just after the change from auricular h ^ 
tion to sinus rhythm. In cases ■with prolonged conduction fi’om the shioaui^ ^ 
lar node to the left auricle, the classical leads show large, double, or dipla'^' ' 
waves. 
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Pis- 5. — Fibrillation of both auricles. Uj>l>or curve, lea*! for the right auricle (two-needlo 
method). Lower curve, esophageal lead for the left auricle. (From Luisada.-®) 

MAAAAAAAAAAMAAAAAAAAAAAAAA'aaa-A) 



AVe have already mentioned a possible piu'cly technical explanation for this 
. The elongation of the muscle tracts in eases with great dilatation of the 
left auricle may also be a factor. 

2. Delay in contraction of the right rtHnclc, Rubino^' and Luisada^® have 
consider(?d the possibility of this mechanism during ocular compression in a 
Patient with permanent lengtliening of the P-R interval. During the compres- 
the “P right” wave was progressively delaj’ed until it followed the P 
l«/t”wave (see Fig. 9). 

Tile oceurrence of aiiricular premature beats without change either of the 
«ntricular rliythm or of tlie “P left ’’-VI interval is anotlier possible interpreta- 
tion of these curves. Laufer and Rubino’ observed also some cases in which 
the superimposition of the “P waves of the two auricles” suggested simultaneous 
eentraction of the auricles. In such cases one may conjecture that the siuo- 
eurieulai- — -right auricle conduction is so delayed that the excitation of tlie 
^ifilit auricle occurs only when tlie sinus impulse has already reached tiie left 
auricle. 
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■ '■ — Flutter of the right auricle with fibrillation of the left. A, Lead for f*?,, 

auricle (Uyo-needle method) and brachial pulse (lower tracing). B, Esophageal lead for ine au 
brachial pulse (lower tracing). C, Esophagus and left leg lead (it records tlie ii 
of both auricles). (From Sossai.'U 



• — Effects of ocular compression in a vagotonic patient, n.irfrie The dr-l 

right auricle (two-needle method). Lower curve, esophageal lead for the left a „j.^CL.(les it*’ 
four complexes are normal. 5 is an ectopic beat wiih inverted P left "Tiye " .Lj^yed coo- 
P riglit wave, fi is a sinus impulse reaching the left auricle and then the rig dji- 

duction to the right auricle, block of impulse to the ventricles). S und , [jj,. ccin- 

charges with normal P left waves, but with deformed P right waves and no lun 
plexes. (From Rubino.”) 


3. Delay in contraction of both auricles ivith normal siaoaiti ici‘ 
ventricular node conduction and resulting decrease in P-R interval, on o^^ 
first establislied this conception experimentally by means of ligafoies 
auricular muscle; later he, Laufer and Eubino,'’ and I"" thought we 
clinically. Since, however, the electrocardiograph cannot registei m 
moment of the sinus discharge, the clinical occurrence of this p je 
cannot be proved. Two observations support the likelihood of 
conduction through the sinoaurieular-auricular bundles when the sin 
atrioventricular node conduction is normal or less delayed: ^yitJioui 

P-E interval seen in patients with diffuse myocardial fibrosis wi 
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biuidle braiicli block; and second, the shortening of the P-R interval in a 
vagotonic subject during ocular compression.^ 

4. Conduction block to ventricles and left auricle. Rubino^^ referred to 
this possibility after recording esophageal records in a vagotonic patient during 
compression of the eyeballs. As indicated by the premature appearance of a 
slightly deformed auricular P wave, an ectopic beat arose in the right auricle, 
but no P wave of the left auricle and no ventricular complex followed. Arti- 
facts can probably be excluded by tlic firm placing of tlic esophageal sound and 
by the reappearance of normal ‘ ‘ P left* * waves after several cardiac contractions. 



, . Pie. 9.— Effect of ocular cotnprcs&Jon in a \.igotonic Upper curve, lead for the 

(two-needle method). Lower curve, esophageal load for the left auricle. The first 
compex shows a normal auricular and ventncul.ir sequence (P light wave. P^left wave, normal 
The second complex shows deformed synchronous P waves fiom both auricles 
Interval (slower conduction to the right auricle) The fourth complex shows 
P waves witli normal succession P rIght-P left, but shortened P-R interval (apparently 
* conduction to both auricles with normal sinoauricular node-aunculov entncular conduc- 
won). (Pi-oni Lulsada.^) 


5. Auricular premature heats without ventricular contraction. Rubino” 
observed this in the same patient (in 4 above). Following total cardiac stand- 
still induced by ocular compression, there occurred a series of “P left’* waves, 
preceded, accompanied, or followed by “P right” waves, with no evidence of 
ventricular activity. 'When the “P left” waves fell earlier, or the complexes 
'^ere deformed (or both occurred), it seems probable that the auricular com- 
plex was of ectopic origin. Tlie oculocardiac reflex blocked the conduction of 

sinoauricular impulses to the ventricles. 

6. Flutter of the right auricle with fibrillation of the left. Open chest ex- 
periments on dogs have demonstrated the possibility of dissociated I’hythms in 
the two auricles. By ligating coronary vessels, Condorelli^^ has produced 
Hbrillation of the left auricle while the right auricle beats normally. 

. Seherf and Siedeck,^" by ligating muscle bundles, have produced many 
interesting disorders: (a) independent rhythms in the two auricles, either (1) a 
^low r egular rhythm of the right auricle under* the probable control of the 


sonable®!^®® Vag 
tha *0 assun 


the myocardium. It Is not rea- 
V preferable explanation is that 
conduction is delayed relatively 
and the conduction In the Hts 
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A-V node, with normal beating of the left auricle under the control of tl, • 
auricular node- or j, me contiol ot the smo- 

.nt au lele Avhile the left auricle beats forcibly but irregularly 

far ho 3 vpr'"'Tfl"'l have been described in mac. So 

aih of the left has been apparently indicated by the new techniques. 

repeatTdlv\-onoV?!l-^""^"" buisada^ 

curve interesting disorder.- In it, the “right auricular” 

f7-nm fh fiiofi deflections, while a simultaneous lead 

1 ^ ® shows frequent tiny deflections of the base line or total 

7 0^'? nf activity. Rubino,^« and later Sossai,^-" each reported a 

11^ f 1 ^ disorder, showing, on resumption of sinus rlivthni, 

small, delayed “P left” waves. 

•f ,^7^ disorder has been recorded nearlj^ exclusively in patients ivith 

mi la stenosis in failure, being apparently favored by unequal distention of the 
wo^ auiioles. Sossai’s ease, for example, showed an aneurysm of the left 
auric e, when this decreased in volume following digitalization, the nonnal 
sinus ihythm lesumed. In all these cases the peripheral leads have shown 
uttei-fibi illation (unpure flutter). As with the cases of delay in contraction 
0 the left auricle, these cases provide good opportunity for comparison of 

methods of auricular registration, for only the best methods can separate the 
two rhythms. 


7 . Fibrillation or flutter of both auricles. The occurrence of the same 
ihythm in both auricles is the usual observation; this may be fibrillation, flutter, 
or the relatively less common flutter-fibriUation (Rubiiio^). As indicated, im- 
puie flutter or tremulation, as recorded in classical leads, is caused by flutter in 
one auricle and fibrillation in the other, as well as by this flutter-fibrillation in 
both auricles. Fibrillation of both auricles occurs in patients either with initial 
valve disease, or with myocardial fibrosis; at times, however, the greatly dis- 
tended left auricle produces no deflections in the esophageal lead. A true 
paralysis of the left auricle could explain this, but mechanical methods art 
insufficiently delicate to prove it. Aoiy auricular activity in the more noima 
right auricle may be poorly showm in tlie distended abnormal left auricle, e\en 
though the mechanism may be fundamentally the same in both. 


DISCUSSION 

Alethods now available for registering auricular activitj'' have 
to the interest of auricular disorders. Records taken with routine lea " ^ 
suggested some of these, such as the delayed contraction of the left auric i- 
Other disorders, as dissociation betw-een the auricles, with ilutter 
right and fibrillation in the left, were wholly unsuspected, but now seem ^ 
Future use of the new methods may well reveal further unusual mechan 
New^ theories advanced on the basis of open chest experiments may soon 


ilutter in 

likd.v. 


•A new case was described recently by Deglaude and Laubrj'.*^ 
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clinical confirmation. It is fundanieiitally important meanwhile to learn whether 
chest leads can ever show independent auricular action, tliat is, either rigiit 
or left, which appears at present unlikely, and also to learn just how much of 
the total left and right auricular activities is sliown by bipolar esophageal 
leads, still a moot point. 

The classical theories dealing with the disturbed physiology causing auricu- 
lar fibrillation and flutter will probably be revised in the future, in order to 
explain the dissociated auricular disorders. It is necessary, however, that more 
data be collected and statistical studies be made before accomplishing such a 
difficult task. IMucIi remains for inve.stigation ; for example, the occurrence of 
varying rhythms in the two auricles. The cases with small, rapid, irregular 
deflections discussed by De Castro’* and by Dagnini^^ as examples of “partial 
auricular fibrillation” (although obtained by an inadequate technique) may 
perhaps fall into this group and should be confirmed by the new methods. 

The occurrence of standstill of both auricles, demonstrated by White** by 
both electrical and mechanical methods, and since confirmed by others 
(Levine*^), has not yet been investigated by means of the new techniques. 
Neither has the occurrence of alternate excitation of the right and the left 
auricle (Lian and Golblin*®; Scherf and Siedeck^:). as suggested in the classical 
leads. 

It must not be concluded from tlie foregoing observations that the two 
auricles are completely separate functional entities, although at times they 
fnay react independently in their properties of conductivity and contractility. 
True dissociation of the two auricles occurs only wlien the usual conduction 
pathways are interrupted by anatomic blocks, such as Condorelli, Scherf and 
Siedeek, and others produced in open chest experiments. 


SUMMARY 

1. Methods for the simultaneous and separate study of electrical activity 
in tlie auricles are reported, 

2. The possibility of various bizarre disorders of auricular action in man, 
^iuggested by these methods, is discussed. Such possil)Ie disorders are: (a) 
delay in contraction of one auricle (right or left) ; (b) delay in contraction of 
both auricles with normal sinoaiirieular-auriculovcjitricular node conduction and 
resulting decrease in P-R interval; (c) conduction block to ventricles and left 
auricle; (d) auricular premature beats without ventricular contraction; (e) 
flutter of the right auricle with fibrillation of the left; (f) fibrillation, flutter, 

flutter-fibrillation of both auricles. 

3. Further possibilities of study of auricular disorders and the necessity 
new interpretations are pointed out. 

The experimental demonstration in animals of functional pathways 
Ibrough the auricular* muscle needs further study in man in the clinic. 
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A lAIICKOJIETHOD FOR DETERMINATION OP TISSUE LIPIDS’ 


E. L. Outhouse, JLA., and J. C. Forbes, jM.A., Ph.D., Richmond, Va. 


yHE need for a convenient and accurate method for tlie determination of 
the lipid content of tissue has long been recognized. Several nietliods of 
lipid analysis have been developed. These method.s give satisfactory results, but 
do not quite fill the requirements for routine analysis of a large number of 
samples, as they are time-consuming and laborious. 

During the course of the past two years we have developed and used a 
method of lipid analysis which we find to be a marked improvement over the 
procedures in general use. This method saves time, requires only simple ap- 
paratus, and gives results that agree with those obtained by accepted procedures. 
Esseptially it is the extraction method of Forbes and Irving* for the estimation 
of cholesterol in serum, applied to the extractions of the neutral fat and 
cholesterol of tissue, with tlie technique of Bloor and Snider® for the prepara- 
tion of tlie extract for estimation of phosi)hoIipids. The estimation of neutral 
fat and cholesterol is made by tlie application of Bloor s® oxidative method to 
the ehloroform-doucil extract. Total cholesterol is determined by the Leiber- 
mann-Burcliard reaction, and the free cholesterol by the Sturges and ICnudson* 
modification of the Sehoeiiheinier-Sperry method.^ 

Phospholipids are calculated from the determination of the phosphorus in 
the alcohol-ether extract, or tlie phosphorus of the moist ether fraction, depend- 
ing upon whether it is desirable to determine the total phospholipid or the 
ccithin-cephalin phospholipid. The splmigomyelin content of liver may be 
0 tabled from the difference between tlicsc two values (Kirk'^). 


PREPARATION OF THE TISSUE EXTRACTS 


Immediately after decapitating and draining tlie blood from the animal, 
6 liver is removed and ground in a mortar. Thorough grinding is necessary, 
particularly when the livers are fatty, because the fat is frequently unevenly 

distributed. 


PREPARATION OF ALCOHOL-ETHER EXTRACT 

One to 1.5 Gm. of finely ground liver is weighed on an analytical balance and 
I’ausferred to a mortar containing 5 Gm. of fine sand. It is ground thoroughly 
3na transferred with a spatula to a 125 c.c. Erlemneyer flask. The mortar and 
PGstle are washed twice with 20 c.c. of alcohol-ether (3 :1) each time, the washing 
®iiig added to the flask. The liver and sand mixture is thoroughly ground by 
^mg with a flat-tipped stirring rod. After an hour tlie flask is placed in 
'vater bath and allowed to boil for about two minutes. The alcoliol- 
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ether extract is filtered through a rapid filter paper into a 100 c.c. volumetric 
flask, and the residue is re-extracted twice with 25 c.c. of alcohol-ether as before. 
A. final extraction is made with 20 c.c. of alcohol-ethei', at room temperature. 
When filtering is complete, the alcohol-ether is added to the 100 c.c. mark. The 
extract is shaken thoroughly, and an aliquot is taken for phospholipid de- 
termination. 


PREPARATION OF THE DOUCIL-CHLOROFORM EXTRACT 

One to 1.5 Gm. of the finely ground liver is placed in a mortar containing 
5 6m. of doucil. The tissue and doucil are ground to a very fine powder and 
transferred to a 125 c.c. glass-stoppered pyrex bottle, and 100 c.c. of chloroform 
are added. The bottle is stoppered and shaken thoroughly. The shaking is re- 
peated a number of times during the next few hours, and the extract is allowed 
to stand overnight. After thorough shaking the extract is filtered through a 
fat-free filter paper into another glass-stoppered bottle. The extract is now 
ready for use. 

The advantage of this extract is that it contains only the neutral fat, 
cholesterol, and cholesterol esters of the tissue. A series of determinations has 
demonstrated that the phospholipids are completely removed by the doucil. 
This is of particular advantage in the colorimetric estimation of cholesterol b) 
the Leibermann-Burehard reaction, as interference by phospholipids has been a 
criticism of this method of cholesterol estimation. 

DETERMINATION OP LIPIDS 

Neutral Fat Plus Cholesterol . — ^An aliquot of the chloroform e.xtract, 1 c.c. 
to 5 c.c., depending upon the fat content of the liver, is measured into a 
glass-stoppered pyrex flask. The flask is then placed in a water bath at tO 
and all traces of solvent removed by a current of air. The neutral fat p 
cholesterol residue is then determined by Bloor’s^ oxidative technique, 
the oxidation value per milligram of triglyceride in liver so closely 
that of the fatty acids themselves, we have used Bloor’s empirical re a lo 
of 3.70 c.c. of 0.1 N sodium thiosulfate as equivalent to 1.0 mg. of hpid. 
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diluted to about 5 c.c. and decanted into the graduated tube The flask is 
washed three times witli about 2 c.c. of water briii..in,x t i «ask is 

nia e wiJ y (akmg 10 e.e, of the phasplioiua standard and addin- lea of 00 
per cent perehlorie acid. If the phosphorus is low it is advisabk l 
another standard containing 0.05 mg. of phospliorus. To tlie standard and 
of oTn™ ' I “"'"’““ium molybdate is added, followed by 1 c e 

times 1 1 d .r f V' 

standard in unknown is compared with the 

Siw 

ether^exS'ct'nr''f f''“P''«'‘>‘<'-Twe„ty cubic centimeters of the alcohol- 
on a 70" C^t^uT, -’‘1 --P-'-ted to dryness 

bath 0^ ec of . f™ni the water 

flask’ is 'tliormmI^''**T '^™P-^ ™°ist ether. The 

mot c shaken and the ether is evaporated off. Ten cubic centi- 

uSif oZV“,‘“' “r 

is dee t 1 ^ '■ "■• "’“‘St “ther solution 

that nnnl' vl'i‘“ s’^s^-stoppered graduated cylinder, care being taken 

thus mni.- “ * “''''“P” •’’J’’”' « transferred. The extraction is repeated twice, 
is addo 1 *'’*‘'* volume in the cylinder of between 15 and 20 c.e. Moist ether 

allowed te° t c-o- mark. The flask is stoppered, shaken thoroughly, and 
distiirhin !i °'’?‘’P‘S*‘t- A slight cloudy precipitate settles out. Without 
content if if Praa’P’tate, a 5 e.e. aliquot is removed, and the phosphorus 
determined as described for total pliospliolipid. 

content of the tissue can be determined by the difference 
n tlie total and the leeithin-cephalin phospliolipid. 

flonnpft C/ioiestcrol.—To 5 c.c. of the chloroform e.xtract iii a 10 ml. glass- 
concrnit! are added 2 c.c. of a 20:1 mixture of acetic anhydride with 

anhvdi ' f ' i 'P^e sulfuric acid siiould be added to the acetic 

bas Ire f ^ tlioroughly, and cooled to 25“ C. immediately before use. It 
Usual T "'P“*' ’“‘‘‘rr results are given by this metiiod than by the 

anhvdr' 1 °'^'^'^^'^*^ adding 0.1 e.e. of sulfuric acid to the chloroform acetic 
•be cvl* 1 "P^PP’’”- After adding the acetic anhydride-sulfuric acid mixture, 

25“ c are stoppered, sliaken thoroughly, placed in a beaker of water at 

The ' fifteen minutes for color development. 

02 compared in a Duboscq colorimeter with a standard containing 

A w” rbolesterol prepared at the same time and under the same conditions. 
Shanf^ ^°’ P permanent standard, as recommended by 

w, Lerner, and Posen,® are nsed for the comparison of color. 

15 ^^’■olesterol . — A 5 c.c. aliquot of the chloroform extract is placed in a 

Water *'P'^p vbl“™form removed by placing it in a 70“ C. 

may 'l directing a current of air on the surface of the liquid. Bumping 

cMorof 'P^P''PP*P‘^ *’y placing a small stirring rod in the tube. When the 
orm has been completely removed, 1 c.c. of alcohol-acetone (1 ;1) solution 
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is added. The lipid is dissolved by stirring. Three drops of 5 per cent iiydro- 
chloric acid and 1 c.e. of 0.3 per cent digitonin in 90 per cent alcohol are added. 
The stirring rod is removed and placed so that it can be returned to its tube; 
the tube is centrifuged fifteen minutes at 2,000 r.p.m. The supernatant liquid 
is decanted and the precipitate and stirring rod are washed with acetone-ether 
(1:2), the centrifuging is repeated, and the supernatant liquid is removed by 
suction. The washing is repeated twice with anhydrous ether. 

The last trace of ether is removed wdth a current of dry air on a water 
bath, and the cholesterol digitonide is dissolved in 1 c.c. of acetic acid by placing 
the tube in a 60° C. water bath. After removing from the bath and cooling, 
2 c.c. of acetic anhydride-sulfuric acid (20 :1) mixture, as described for total 
cholesterol, is added, and the tube is placed in a 25° C. bath and kept in tlie 
dark for twenty-five minutes. It is compared with a standard containing 
0.2 mg. of cholesterol, prepared by treating a standard cholesterol solution in 
chloroform exactly as above. The standard cholesterol and the unknown are 
usually set at 10 mm., and the readings are taken of the permanent standard. 

Typical results obtained by the methods here described are compared with 
those obtained with well-established methods in Tables I, II, and III. 


DISCUSSION 

That Bloor’s oxidative method of determining the total fatty acids and 
cholesterol of tissue can lie applied to the chloroform extract is indicated by tlie 
close agreement shown in Table I between the values obtained by Bloor s metho 
on the alcohol-ether extract and those obtained by calculating these constituents 
from the values obtained from the fatty acids of the total iihospholipid, an t lo 
neutral fat plus cholesterol of the chloroform extract. 


Table I 

COMPAR-VTIVE DETEBIIIN.VTIONS OP TOTAL FaTTY AcIDS PLUS CHOLESTEROL IX ISOBM-'L 

Fatty Livers op Eats 

The values are expressed as per cent of fresh tissue 


PHOSPHOLIPIDS 

NEUTKAL FAT PLUS 
CHOLESTEROL 

TOTAL FATTlt 

authors’ method 

' bloor 'S .MET110j;__ 

3.30 

23.8 

25.1 

<Jl) *1 

3.04 

2.79 

2.65 

28.0 

21.8 

32.2 

28.8 

22.7 

32,6 

23.4 

0.4 

3.92 

4.5 

7.0 

SA 

4.10 

o.S 

8.4 

1(3.0 

3.02 

14.5 

16,0 

9.7 

3.66 

7.6 

9.8 

31.-’ 

35.4 

9 4.9 

29.0 

29.4 

2.20 

35.0 

35.0 

9.9 

3.60 

8.3 

10,4 

15,2 ■ 

3.12 

13.6 

15.2 

2S,0 

2.70 

29.3 

29.9 

3.3 , 

3.58 ■ 

0.89 

3.3 

.3.1 

3.41 

0.92 

3.2 

3.5 

3.54 

0.90 

3.3 

3.0 

3.22 

0.74 

2,9 

3.4 

3.56 

0.89 

3.4 

3.0 

2.79 

3.54 

1.10 

0.72 

3.0 

'3.1 
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Table II 

Comparative Determinations op Free and Total Cholesterol in Normal and Fatty 
Livers op Rats 


The values are cxpiesscd as per cent of fresh tissue 


total cholesterol 


FREE CHOLESTEROL 

DOnaL-CHCl, EXTRACT 

alcohol-ether 

EXTRACT 

DOUCIL-CHClj 

EXTRACT 

ALCOHOL-ETHER 

EXTRACT 


DIGITONIDE 

DIGITONIDE 

DIGITONIDE 

DIGITONIDE 


METHOD 

METHOD 

PRECIPITATION 

PRECIPITATION 

0.19 

0.19 

0.19 

0.17 

0.17 


0.21 

0.23 

0.19 

0.19 


0.23 

0.24 

0,17 

0.18 

0.19 

0.19 

0.20 

0.16 

0.15 


0.22 

0.22 

0.20 

0.20 

0.25 

0.27 

0.22 

0.21 

0.20 


0.21 

0.20 

0.16 

0.16 

1.15 

1.15 

1.14 

0.22 

0.22 


0.44 

0.40 

0.22 

0.24 

0.90 

0.90 

0.94 

0.24 

0.25 

0.S9 

0.87 

0 88 

0.17 

0.19 

0.67 

0.65 

0.09 

0.17 

0.19 

0.36 

0.34 

0.35 

0.18 

0.19 

0.77 

0.70 

0.80 

0.16 

0.18 

0.87 

0.86 

0.90 

0.21 

0.23 

0.38 

0.38 

0.40 

0.22 

0.23 

0.S7 

0.87 

0.81 

0.21 

0.20 


diBUonide method used is a slight modification of Schoenheimcr and Sperry's 


Table III 

Typical Results of Complete Lipid Analysis op Rat Livep^ 
The values arc expressed as per cent of fresli tissue 


TOTAL 1 

riiospiio- 

lipid 

LECITHIN* 

CEPHALIN 

SPHINGO- 

MYELIN 

NEUTR.AL 

FAT AND 
CHOLES- 
TEROL 

TOTAL 

CHOLES- 

TEROL 

FREE CHO- 
LESTEROL 

ESTER ' 
CHOLES- 
TEROL 

IODINE NUM* 
BER OF NEU- 
TRAL FAT 
AND CHO- 
LESTEROL 

2.31 

1.92 

0.39 

33.3 

U.54 

0.15 

0.39 

88 

3.34 

2.67 

0.67 

12.1 

0.51 

0.18 

0.33 

94 

3.35 

2.69 

0.66 

0.9 

0.20 

0.18 

0.02 

117 


l^fipeated extractions witli moist ether of the residues from evaporation of 
the chloroform extracts of a large number of livers has demonstrated that the 
chloroform extract contains no trace of phospholipids. Only neutral fat, 
cholesterol, and cholesterol esters are present in this extract. 

Completeness of extraction is demonstrated by the agreement between the 
total fatty acid values on the two extracts, as given in Table I, and also by tlie 
Agreement of the cholesterol values in Table II, as determined by the digitonide 
Method on the chloroform extract and the alcohol-ether extract. 

The determination of phospholipid by calculation from the phospholipid phos- 
phorus is in general use, and according to Kirk*^ can be used for determining 
total phospholipid (alcohol-ether soluble phospholipid), lecithin and ceplialin 
(moist ether-soluble phospholipids), and sphingomyelin (pliospholipid soluble 
’R alcohol-ether and insoluble in moist ether). 

^^‘0 a number of methods in use for the determination of cholesterol, 
fiticisms of the methods of cholesterol determination are so common that there 
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seems to be no necessity of detailed discussion of the merits and demerits of 
the various procedures. The Schoenheimer-Sperry method, which appeal’s to 
be the method in common use at present, was chosen as a standard for evaluating 
our procedure for determination of free and total cholesterol. As slioivn in 
Table II, the method described for estimation of free and total cholesterol gave 
values that agree with those obtained by the Schoenheimer-Sperry method. 

Some difficulty was experienced in the precipitation of the cholesterol 
digitonide, in the determination of total cholesterol, when applying the Schoen- 
heimer-Sperry method to fatty livers. Frequently the total cholesterol of fatty 
livers, produced either by carbon tetrachloride poisoning or by a high fat diet, 
gave values lower than those obtained for free cholesterol. Results could not 
be duplicated, and commonly ranged from. 10 per cent to 60 per cent of the 
value obtained for total cholesterol by the Leibermann-Burchard reaction ap- 
plied to the chloroform extract. Sturges and Knudson^ reported similar ex- 
periences and suggested that this could be overcome by adding 3 drops of 5 per 
cent hydrochloric acid in excess after neutralizing the solution following 
saponification. They used only normal tissues in their experiments. We found 
that this procedure would give good results on normal livers, but made no 
improvement when the method was applied to fatty livers. The substitution of 
1 drop of 50 per cent sodium hydroxide for the potassium hydroxide in il'c 
saponification solved this difficulty, and gave satisfactory duplicate results at all 
times. Furthermore, these results have always agreed with those obtained nsing 
the method described in this paper. 

The chloroform extract has been found to be suitable for determination of 
iodine numbers by the method of Yasuda.® 


SUMMARY 

1. The preparation of a chloroform extract of liver suitable for tb® 
termination of neutral fat, total cholesterol, free cholesterol, ester eholestero, 
and iodine number of the neutral fat plus cholesterol, is described. 

2. A convenient method for the determination of total 
leeithin-cephalin phospholipids, and sphingomyelin content of livei' 

i XIari' R- NaJ*-'- 
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FATAL REACTIONS TO ADMINISTRATION OF SULFONAMIDE 
DRUfiS' 


Eeport of Five Cases 


h. J. Tragerman, M.D,, and J. M. Goto, M T) . Los Angeles, Calif. 


TN THE wake of numerous successful and hfc-saving results from the use of 
the sulfonamide drugs, there eontimie to appear reports and mention of occa- 
sional fatal reactions. So far these reports do not seriously challenge the use 
of these compounds, but serve to warn against the use of such potent agents 
without adequate indication or supervision. The reported fatal complications 
have been granulocytopenia, hemolytic anemia, and liver damage. Since the 
introduction of these drugs, we have encountered examples of each of these 
complications in our autopsy service at the Los Angeles County Hospital. To 
increase slightly the fund of available information concerning fatal reactions, 
five deaths ivith autopsy are reported. Three of the patients died from granu- 
locytopenia, one from apparent liver and kidney damage, and one from hemo- 
lytic anemia. In four patients sulfanilamide was the drug used. In the fifth 
patient, who died of granulocytopenia, siilfapyridine was used. 


fatal granulocytopenia induced by sulfanilamide 


The most recent review of fatal granulocytopenia associated witli sulfanil- 
amide therapy^ brought the total number of reported cases to ten. At about the 
same time, two additional cases were recorded by Ottenberg.^ Other cases have 
been reported by Corr and Root,^ Sailer,* and Garvin.® The following are sum- 
laaries of the clinical records and necropsy findings in two additional cases. 


Case 1.— (Los Angeles County Hospital, No. 635-179.) A 15*year-olil school boy entered 
tbe hospital on November 2, 1938, n-itli a scarlatinal rash and fever of one day’s duration. 
Temperature was 100“ F. and enantliem was noted in the pharj-nx. Urinalysis was negative 
and blood count revealed hemoglobin of 85 per cent (Sahli), erythrocytes 4.1 million, and 
leucocytes 12,500 per c. mm., with So per cent polymorphonuclear cells and 15 per cent lympho- 
‘^ytes. Sulfanilamide, 6.4 Gm. daily, was given for seven days until the temperature returned 
to normal. After two days without treatment a scarlatinal eruption recurred and sulfanil- 
anude was again started and administered for the rest of the patient’s stay in the hospital, 
no total amount given was 100.6 Gm. over an eighteen-day period. The day before dis- 


cloe. 


•fYoni the Department of PathoIos>'. University of Southern California School of Medi- 
na tlie Laboratories of the Los Angeles County Hospital. 
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c. Jm., will 7?pe’ c“T pirTtT I" 

Tl,. bl.„a sulfanitaUe level 5.5 "m iT tt"’.""' ' 

>» ™ iZit'tz; r “ 

60 per cent (Salili) erythrocvtes 4 n -ll-' Iwwever, now showed hemoglobin of 

Blood transfusion, leucocytic extract and veZ i “ entry, yielded no growlb. 

improvement. The followimr ditr T 1 • ' marrow ivere administered with no 

3.6 million per c. m^ I-omoglobin was 5S per cent (Sahli), erythrocytes were 

condition. The clinical diae'nosis'^ furt'‘er change in hh 

nor 41 ^ granulocytopenia, probably induced by sulfanilamide. 

aural cav^e P— ^ 

were ZZt in T7 ’ ' m "" """ ^ “nsolidation 

reTealed 2 5 1 . “ fZ^ '- 

its cut surfacp'’" ,Z ««lfamlannde (Table I). The spleen weighed 250 Gm. and 

of the Z Malpighian markings. The bone marrow 

of the sternum,^ vertebral bodies, and the upper end of the femur was hyperemie. 
JMicroseomc fJvnminQfv’rtva i*-i . ... 


r»e upper end of the femur was hyperemie. 

alventav examination of the consolidated areas of tlic lungs showed Iiyperemia, intra- 

liver oi ^ oma, occasional mononuclear cells, but no polymorphonuclear leucocytes. The 
f +1 orate parenchymatous degeneration and slight fatty change. The glomeruli 

sill-! appeared unchanged. Many of the convoluted tubules showed severe cloudy 

g wi 1 some aiyolysis. The splenic pulp was markedly hyperemie witli striking dirainu' 
leucoeytes. Increased irOW-n.nTl'f niTlITIfT T\vn'T»v^XTvf ^t»r»o /tA»*i/\nei*n(n/1 T\V fllft 


.. puip was marKeuly hyperemie With sinking dirajnU’ 

Pr ^ ^ eueocytes. Increased iron-containing pigment was demonstrated by tlie 

si ' i*^^ staiii. Sections of the vertebral marrow and smears of the sternal marrow 

V 7 riction in the granular series with maturation arrest at the myeloeyto level 
Erythroblasts were abundant nv, 7 „ , 


ir 4> J, granular senes with maturation arrest at tl 

Erythroblasts were abundant and numerous plasma cells were also noted. 


Case _. (Los Aiigeles County Hospital, No. 39S-057.) A Caucasian housewife, .oged 3o 
years, after several recurrent attacks of sore throat early in September, 1937, was seen by a 
p vate physician, who made a diagnosis of ‘'streptococcal sore throat” and started treat- 
meii wit 1 sulfanilamide. The patient failed to return to her physician for observation, but 
con inue to take sulfanilamide to a total of 64 6m. over a period of three weeks. She then 
inj q» because of failure to improve. She was acutely ill, with a temperature 

e . ., pulse 140, and respirations 24 per minute. Tlie pharyn.x was obscured by a 

gray membrane from which no bacteria were obtained on smear. Laboratory findings included 
normal unne and blood urea nitrogen of 12 mg. per 100 c.c. The blood count revealed beiiw- 
globm 7.5 6m., erythrocytes 2.4 million, platelets 266,000, leucocytes 550 per c. mm., wltli 
per cent ly niphocytes, 3 per cent monocytes, and no polymorplionuclear neutropliilcT- 
reatment consisted of blood transfusions, pentonucleotide, and liver extract. The patient s 
temperature remained high until death on the third day after entry to the hospital. 

At autopsy moderate jaundice and cervical lymphadenopathy were extern.aliy’ evident. 

T le pharynx and tonsils were partially necrotic and covered with a yellow-gray mcmbraBe. 
In both lungs there were considerable hyperemia and edema. The liver weighed 2,201) Gtn. 
Surfaces made by sectioning were softer than normal and had obscured markings. The Jpb'’-'' 
neighed oOO 6m. The pulp was red and softened, obscuring the norjnal markings. B.c 
kidneys together weighed 300 6m. and showed cloudy swelling. The bone marrow of tbs 
sternum and bodies of the lumbar vertebrae and femur appeared gro.ssly normal. ib';to 
logically, the necrotizing ph;iry-ngitis was characterized by an absence of poiy-morpbonuc!‘.av 
leucoey-tes. In the liver there was parenchymatous degeneration associated with nccro=i= u* 
scattered ceils in the centers of some lobules. The spleen showed an increase of moi70j7nr.i.ur 
elements. The bone marrow, unfortunately-, was not examined microscopically. 
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COMMENT 


It appears likely that the fatal granulocytopenia in these two patients is 
attributable to sulfanilamide. They resemble previously reported cases. The 
onset of granulocytopenia was noted about three weeks after treatment was 
instituted. In the second patient the dosage used was average. In the first 
patient the daily dosage (6.4 Gm.) was higher than that generally recommended 
by Long.® The total dosage used, 101 Gm., was twice the average in the reported 
cases of granulocytopenia, but it apparently was excreted adequately, since 
the blood level near the conclusion of treatment was only 5.5 mg. per cent. The 
continuance of sulfanilamide for a week or more after the subsidence of the 
acute symptoms, as was done in this patient, is considered good practice in the 
avoidance of complications following scarlet fever. In this connection, it is of 
interest to note that the leucocyte count of the blood at the cessation of treat- 
ment was only slightly below normal. It would appear, as with amidopyrine, 
that fatal granulocytopenia may evolve after discontinuing the use of the of- 
fending drug. With the second patient it is, of course, possible that agranu- 
locytic angina was already present when sulfanilamide was started, since no 
oarly blood counts were available. The patient did not return to her physician, 
but the total dosage taken before entry to the hospital was not excessive. An- 
other point, emphasized by others as a poor prognostic sign, is the absence of 
monocytosis during the period of granulocytopenia. This was also noted in 
both cases reported here. The iron pigmentation of the spleen has been noted 
both in reported eases and in experimental observations/ The bone marrow 
picture is similar to that already described in sulfanilamide granulocytopenia.' 


F.VTAL GRANULOCYTOPENIA INDUCED BY SULFAPYRIDINE 


The introduction of the new compound, sulfapyridine, was accompanied by 
the warning that toxic effects similar to those produced by sulfanilamide might 
he anticipated,® and case reports of granulocytopenia began to appear soon 
thereafter.®-" In at least four instances tlie granulocytopenia was fatal. Rosen- 
thal and Vogel's'* patients were children who received 95 and 35 Gm. of the 
*lrug for Staphylococcus aureiis sepsis and lobar pneumonia, respectively, and 
developed granulocytopenia in about two weeks. Autopsy findings are not 
recorded. Dolgopol and Hobart'* have reported a similar case in which fatal 
graiuilocytopenia complicated the treatment of type VII pneumocoeeic pneu- 
monia with 49 Gm. of sulfapyridine. At autopsy severe depression of bone 
marrow was found. Johnston V patient had been treated for acute Strepto- 
eocciw viridans bacterial endocarditis complicating puerperal sepsis, with 54 
Gm. of sulfapyridine over an eleven-day period. Neutropenia soon appeared 
at necropsy, several days later, the endocarditis was still evident. The fol- 
lowing is a report of a somewhat similar case. 


Case 3.— (Los Angeles County Hospital, No. G4S-41G.) C. B., a white male of o3, 
entered the hospital on Febiuary 16, 1939, with fever, uoukness, and fleeting joint pains of 
i\eeks’ duration. Following a peritonsillar abscess ono year .previously, he had proves- 
weakness, cough, and weight loss. There was no past history of rheumatic fever. Physi- 
ol findings included low-grade fever, regular pulse, rough systolic apical murmur, and 
palpably enlarged spleen. Laboratory examination revealed normal urine, blood count of 4.3 
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million erytliroeytes per c. mm., 75 per cent hemoglobin (Sahli), and 7,500 leucueytes with 
95 per cent polymorphonuclear cells. Several bloo,d cultures were positive for Streptomciis 
viridans. The clinical diagnosis was subacute Streptococcus viridans endocarditis. 

The patient was given SS.5 Gm. of sulfapyridine between February 22 and Marcli 15, 
1939. A temporary remission of fever was noted during the first few days of treatment. 
On March 2 the blood sulfapyridine was S.2 mg. per 100 c.c., and the blood culture was 
positive for Streptococcus viridans. On this day blood count revealed hemoglobin of 60 per 
cent (Sahli), leucocytes 11,250 per c. mm., with 80 per cent polymorphonuclear cells and 30 
per cent lymphocyies. No further blood count was done until March 15, when the patient 
complained of sore throat. Blood count now showed a hemoglobin of 50 per cent (Sahli), 
erythrocytes 2.7 million per c. mm., and leucocytes 1,100 per c. mm., with 7S per cent 
lymphocytes and 22 per cent polymorphonuclears. Sulfapyridine was immediately discontinucil 
and blood transfusion was given. The anemia and leucopenia persisted, the last leucocyte 
count being 1,450 per c. mm. on the day of death (March 21, 1939). 





Fig. 1. — Vertebral bone marrow. Giemsa stain (X235). Fibrinoid necrosis and red 

myeloid series is shown. 

At necropsy numerous petechiae and moderate jaundice were noted weighed 

mucous membranes. No areas of softening were noted in the brain. The normd 

330 Gm. All chambers were somewhat dilated, the valve measurements the 

limits, but the mitral leaflets were slightly thickened and shortened, an t “ vegeta- 
papillary muscles ivere fibrosed. In addition, there were several small soft hg i 
tions on the anterior leaflet of the mitral valve. These were situated near n 
of several of the chordae tendineae onto which they extended. None was 
meters in diameter. The liver appeared grossly normal. The spleen weigw gyrtccc. 

showed, in addition to softened pulp, a recent infarct 2 cm. in diameter moJerafe 

The kidneys together weighed 370 Gm. and showed a fe^^• small infarcts. Apar 
hyperemia of the lungs and some small mucosal ulcerations in the eaop boJiW) 

gans showed no striking alteration. The bone marrow of the sternum, ver e 
long bones was grossly normal. through 

Histologic examination showed several changes of interest. Section 
anterior mitral leaflet in the region of the small gross vegetation sho« In >C“~ 

ing of the valvular endocardium, with scattered fibrinous deposits on * dccaaionJ 

of these areas bacterial masses were seen. In the subendocardial tissue ere 
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collections of mononuclear cells about small thickened blood vessels. In the section taken 
through the area of gross infarction in the spleen there were numerous clusters of bacteria^ 
generally in blood vessels within the infarcted area. No nail of leucocytes occurred at the 
margin of the infarct, and polyniorphonuclcara v.oxq generally scarce throughout the un- 
involved portions. Large quantities of iron pigment were also denion&tiated throughout the 
entire spleen. In the kidney section the convoluted tubules showed moderate cloudy swelling 
and fatty change. In the esophageal ulcerations, necrosis, bacterial masses, and lymphocytie 
exudate were noted. 

ATicroscopie examination of the vertebral marrow showed a reduction m cellular elements, 
particularly in the myeloid series. There appeared to be a maturation arrest at the myelocyte 
level. Erythroblasts were present in normal nuniber.s. In addition, it was of interest to note 
areas in which poorly stained marrow cells were mixed witli fibi m. producing the appearance 
cf focal necrosis in the bone marrow (see Figs. 1 and 2). 
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Pie. 2 — ^Vertebral bone marrow. Giemsa stain (x960) Eodhroblasts, lymphocytes, reticulum 
cells, and occasional myelocytes are shown. 


COMMENT 

Altliough Case 3 was probably doomed by a fatal disease, the immediate 
cause of death was, no doubt, granulocytopenia, probably induced by sulfapyri- 
^iue. ilore frequent blood counts during the period of treatment might have 
avoided this complication. The clinical aspects and autopsy findings with regard 
lo the granulocytopenia were generally similar to those described in the patients 
treated with sulfanilamide. Sulfapyridine seems to have the same potential 
*ianger in the production of granulocytopenia as does sulfanilamide. Hathcr 
itrge doses over a period of two or three weeks may result in fatal granulo- 
cytopenia. Two side lights with regard to the endocarditis are of interest. One 
IS the early improvement in the febrile state after the drug was started, although 
Iiiood cultures remained positive. The otlier is the unusually small size of the 
vegetations. We have recently seen at autopsy in another patient wlio died of 
cardiac failure with subacute bacterial endocarditis, apparent reduction of 
vegetations to almost microscopic size after treatment with sulfapyridine. 



1168 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


FATAL HEMOLYTIC ANEMLV INDUCED BY SULFANUjAMIDE 

Hemolytic anemia is recognized as a relatively frequent complication of sul- 
fanilamide therapy that develops after a few days of drug administration, and 
responds readily to treatment, particularly withdrawal of the drug and blood 
transfusion. Two fatal cases of hemolytic anemia are reported in the litera- 
ture.“’ The following is a report of another such case. 


Case 4. — (Los Angeles County Hospital, No. 247-892.) A 51-year-old white male, car- 
penter, was admitted to the Hospital on June 12, 1939, with a typical but not severe erysipelas, 
involving the external nares, of three days’ duration. The past history was negative except 
for anginal attacks for three and one-half years. His temperature was 99.2° P., and lie 
did not appear acutely ill. Urinalysis showed no albumin or sugar. Blood Wassermann was 
negative. His blood count on admission was hemoglobin 144 per cent (Sahli), erythrocytes 
4.42 million, and leucocytes 14,900. Icterus index on June 13 was less than 10 units. During 
the next three days the patient received 25 6m. of sulfanilamide, following which the blood 
level reached 7 mg. The following day deep jaundice was noted and the blood count now 
showed hemoglobin 42 per cent (Sahli), erythrocytes 1.75 million, and leucocytes 33,750, with 
82 per cent polymorphonuclear leucocytes. The icterus index was 80 units. On this day tlie 
urine was noted to be very dark brown, With a positive benzidine test and no red blood colk 
The urinary reaction was not recorded. 


The clinical diagnosis was erysipelas, complicated by acute hemolytic anemia induced by 
sulfanilamide. Treatment consisted of repeated small transfusions ,of both whole and citratoil 
blood. The patient belonged to group 0, and received a total of eleven transfusions between 
June 16 and June 22. A severe chill followed the first transfusion, but no reaction occurred 
after any of the others. During the first few days his general condition was poor, with 
dark urine, prominent icterus, and considerable lethargy. On June 20 the urine was clear, 
amber, and showed 150 to 200 red blood cells per high dry field in the centrifuged sediment. 
During the next week the patient’s anemia improved and his jaundice diminished. Twa 
was a progressive increase in erythrocytes to 4.32 million on June 29, with 72 
hemoglobin. The leucocytes fluctuated considerably between outer limits of 33,000 and , 


per c. mm. 

It thus appeared that the patient had recovered from his hemolytic anemia, 
the next ■week his condition grew worse, with two major manifestations. One was 
currence of subcutaneous abscesses on the scalp and hands; the other was the 
of progressive stupor following an epileptiform convulsion on June 28. 101“ f' 

which had returned to normal during the first week, remained so, except for one rise o 
His stupor deepened into coma and he died on July 11, 1939. ^ 

Autopsy was performed seventeen hours after death by Dr. Clara 
subcutaneous abscesses, some draining thick pus (staphylococci in Gram stain 
still present. Small abscesses had also developed at the site of previous sclero.-is 

nose. No icterus was noted. No lesions were found in the brain. Severe 
was present. The lungs showed patchy bronchopneumonia. The liver weigie tlabliy 

surfaces were firm and dark brown. The spleen weighed 110 Gm.; cut 220 Gra.', 

but not soft, with pulp not unusually prominent. The kidneys together surface 

capsules stripped readily from an unusually brick red-brown surface, w uc i ij.j 

showed similar pigmentation, particularly in the medullary portions. marrow 

parenchyma was softened, and a number of miliary abscesses were no e . plool 

of the vertebrae was brown, and that of the femur was fatty. m 


creatinine was 5.0 mg. per 100 c.c. swelling, 

The microscopic examination of the liver showed moderate - p;™icnt, 
fatty change, and with the Turnbull stain, large quantities of iron-con ^ increa.-c o'" 

located iu cells lining the sinusoids. In the spleen there was a so a pxtracellnin''/’ 

normal in the amount of iron-containing pigment present, hot i m r. ‘ ^.jjjj.j,p]mgoc.vtoiiN 
The pulp was crowded with leucocytes, and there was some evn e c 
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Fie. 3 


^1b. 4. 



.—Kidney cortex (XlOO). Tubulai deKcni-i.itimi an<l obstruction of lumen In cortex and 
medullary ia>s bv lu-moKb-bin o.istj. 



—Kidney medulla (xlOO). Tubular degeneration and obstruction of lumen in cortex 
and medullary raj's by lieinoglobm casts. 
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The most strikmg changes .v-ere in the kidney. Here, in addition and apart from the miliary 
abscesses occasionally seen, there n-as marked tubular degeneration of the convoluted fubute 
ai d the loops of Henle. In the lumina of these tubules was disintegrated epithelium as ivell 
. « ,.te,p,..ecl bl.,a (,e. Kgs. 3 a.a 4). Amo^u. I.” It' 

Zmf rf ir* “"“‘‘“8 S'"!”' !!■ “““» »< »»toial took ll, too tl.io. 

Some of the epitliehal casts showed partial calcification. There was no evidence of regenera- 
ion in the scattered tubules, which showed considerable epithelial necrosis. Glomeruli and 
blood vessels appeared essentially normal. Section of the vertebral marrow stained with 
hematoxylin and eosin showed a normal cellular distribution, e.xcept, perhaps, for some increrL=e 
in nucleated blood cells. 


COMMENT 

The case herein reported conforms to the previous descriptions of the iiemo- 
lytic anemia reaction. The anemia develops rapidly, within a few days after 
the administration of ordinary doses of the drug. In the two previously re- 
poited fatal eases death was attributed largely to the anemia, and nonspecific 
changes secondary to hemolysis and anemia were described at autopsy. In the 
present ease, it is noted that the patient had recovered from the anemia, but died 
from uremia. From the changes in the Iddney, there is reason to believe that 
the uremia occurred by obstruction and also direct damage to the kidney tuhule.s 
by products of hemoglobin disintegration, e.g., acid hematin. Hemolytic anemia 
thus in this case caused death by delayed effects on the kidney. This effect is 
not specific for sulfanilamide, and has been described for other conditions, par- 
ticularly after incompatible blood transfusions and in experimental liemoglo- 
binemia. According to DeGowin, Waimer, and Randall, the renal damage 
is due not only to obstruction, but partly to direct injury to the tubules. In 
this connection, it is interesting to note that Wood’s” patient was irrational, 
and vomited and bled from the gums before death; Koletsky’s” patient died 
in coma. Some pigment deposit was noted in the kidney in the latter case. 

Several important points need emphasis in regard to tlie treatment of the 
acute hemolj'tic anemia reaction. Blood transfusion is generally considered as 
indicated if the anemia becomes severe, as it usually does. It has been noted 
by Sharpe and Davis^^ that hemolytic reactions may complicate blood trans- 
fusion for hemolytic anemia, perhaps more than by mere coincidence. In tb*. 
patient here reported a severe chill followed the first transfusion used. Addi- 
tional hemolysis of the donors’ corpuscles may have occurred at this time an 
added to the injury of the kidney produced by sulfanilamide liemob'sis of the 
patient s corpuscles. A similar expez-ience occurred in a case of henioljt!® 
anemia and uremia recently repoi-ted,^® where it was decided that the hi 
transfusion, rather than the sulfanilamide, was responsible. Attention has 
recently been called by Antopol and othei-s'° to another interesting phenomenon 
developing in the blood following sulfanilamide thei'apy, namely, the appear 
ance of auto-agglutination together with hemolytic anemia. This proper^ 
appeared when the blood was cooled and might be precipitated by 
transfusion of unwarmed citrated blood. Theoretically, tliere is potential daii^^^ 
in such a phenomenon to the kidney, by the plugging of glomeruli, as limf 
described in other instances of autohemaggintination, e.g., multiple m.veloma. 

The only waj' to avoid renal damage as a eonsec]ueiice of hemol} tic ^ 
is to allcalinize the urine in order to prevent the deposition of the obilmc 
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pigments in the renal tubules. It would appear that in severely ill patients 
likely to require both sulfanilamide and blood transfusions, or even in patients 
already showing signs of hemolytic anemia, rapid alkalinization of the urine 
should be carried out. 

FATAL LIVER AND KIDNEY DAMAGE INDUCED BY SULFANILAMIDE 

The probable causal relationship of the sulfonamide drugs to fatal granu- 
locytopenia appears reasonably established by the case reports, and is in keep- 
ing with the chemical nature of these drugs, and with observations on their 
effect on the leucocyte count. Hemolytic anemia is also ivell established as a 
more frequent, but le.ss dangerous, complication. Severe liver damage is a 
more recently described, and not as well established, to.vic manifestation. Long, 
Bliss, and Peinstone° indicate that jaundice (without anemia) occurred in 0.6 
per cent of 307 adult patients treated, and was controlled by stopping the use 
of sulfanilamide. Hageman and Blake’'" noted one case of hepatitis, possibly 
due to sulfanilamide in 114 treated patients. Jlore frequently, jaundice has 
occurred incidental to the well-established hemolytic anemia reaction. How- 
ever, there have been a number of recent reports indicating an apparent pri- 
mary liver damage following the use of sulfanilamide The case reported 
by Pitzgibbon and Silver^“ was quite interesting. After receiving 44 Gm. of 
sulfanilamide for gonococcal urethritis, their patient had a generalized skin 
eruption, and was perhaps slightly jaundiced. Sue weeks later, after taking only 
1 Gm. of sulfanilamide for a recurrent urethral discharge, he developed derma- 
titis, this time associated with enlarged liver and severe jaundice followed by 
oliguria. The highest , icterus index before recovery was 200, at which time 
the blood nonprotein nitrogen was 75 mg. per cent. Garvin’s report** pre- 
sented five eases in which the sulfanilamide appears to have been responsible 
for liver damage. The dosages of sulfanilamide employed were not excessive 
(maximum 50 Gm.) and were used in a conventional manner for diseases in 
themselves not serious. Jaundice was the prominent feature (highest icterus 
index noted was 160) and could not be explained on the basis of hemolytic 
anemia. It is interesting to again note the frequent association of dermatitis 
with the hepatitis. One of the patients died, but necropsy was not obtained. 
He also referred to two deaths with jaundice, commented on without detailed 
description in the report of Bannick and co-workers.*" The week following 
Garvin’s report, a case of acute yellow atrophy following sulfanilamide medica- 
tion was reported by Cline*® in the same journal. The patient was a white 
male of 18 years, who took an unknown quantity of sulfanilamide for gonorrheal 
urethritis, developed a clinical picture of hepatic insufficiency with an icterus 
index of 166, nonprotein nitrogen 33, and showed severe liver and kidney 
damage at necropsy. Greene and Hotz,*' in their recent review of literature 
on the liver and biliary tract, mention four additional cases, with two deaths 
Olid one necropsy. Case 5 is a summary of the important clinical and necropsy 
data in an additional case of apparent liver and kidney damage following the 
Use of sulfanilamide. 

Case 5.— (Los Angeles County Hospital, No. C07-S56.) The patient was a Filipino male, 
"eeJ 23 years, who entered the hoipital because of pain, swelling, and dysfunction of the 
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. Blood count showed Jienioglobm 95 per cent (Saiili) • leucocytes 11 000 with 
per een polyntorpltonuclear leucocytes. Grant-negative intraeelluL Ip U 

s" r;:fa : '?r — 



Fig;. 5. Liver, showing- fragmented and swollen cell cords witii cellular degeneration (XlOO). 


The clinical diagnosis was gonococcal urethritiSj with early polyarthritis, awl tlw 
was Started on sulfanilamide. Between May 6 and May 11, 1038, thirty-eight doses, totalw;' 
3-1 Gm., were given. No antisyphilitie treatment was administered. On May 10 (one *>)■ 
before sulfanilamide was discontinued) jaundice was noted for the first time, but had probaWj 
previously been present and masked by the patient’s native color, since blood drawn on Ibai 
day had an icterus index of 220, and gave a prompt positive direct van den Bcrgh leactioa 


with 29.1 mg. per cent of bilirubin. The urine contained albumin, bile, and a fc"' 
casts. The patient ’s jaundice deepened, a maculopapular rash developed on May 1-1 (thoco h 

1 — 1. . . - -iiojial, .1 

leanwhd'^ 


to look more like drug rash than secondary syphilis), and the patient became irrational. • 


— .. uiiiu seconuary sypmiisL anu cue panem, uctuu.i, 

blood transfusion rvas given without apparent improvement. Tlie urotliritis had me 
subsided. He developed Cheyne-Stokes respiration and died in coma 


At autopsy, jaundice and slight swelL'ng of the left shoulder joint were still evaJea 
— . 1„.: 'fim lungs 

The Uver 


No gross lesions were noted in the brain, heart, aorta, or gastrointestinal tract, 
were moderately hyperemic and edematous, but witiiout gross consolidation, 
weighed 2,300 Gm. Its external surface w.as smooth avith tense capsule. Surface^ ma u . 
sectioning avere softer than normal, aa-ith someavhat obscured lobular markings of mottled 
to light broavn. The gall bladder avas of average size and thickness, hut contained on)^^ 
small quantity of inspissated bile. The biliarj- tract and portal system were normal. 
spleen aveiglied 230 Gm.., its pulp aaas prominent, dark purple, and someia-hat softened. 
kidneys together aveighed 575 Gm. and avere similar in appearance, each being about 'm>. 
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normal size. The tense capsule stripped readily from a sivollcn, bile-stained surface Sur- 
faces made by sectioning were sivollen, soft, ivith markings accentuated by bile staining The 
unnary bladder contained a few d.ops of b.le-stamed urine. Prostate and seminal vesicles 
appeared grossly normal, as did the urethra throughout its extent. SmaU quantities of 
slightly bile-stained fluid were present in the right ankle ami left shoulder joints, the synovia 
of the latter being slightly thickened. The post-mortem blood nonprotein nitrogen was lio 
creatinine 14.4, and urea nitrogen So mg. per cent. Xo .■uillanilamide was detected in the 
post-mortem blood; 2 nig. per cent were found m the liver (Table I). 



Fiff. 6. — Kidney, showing focal necrosis of convoluted tubules (X400). 

The histologic findings of interest were chiefly in the liver and kidnej’s. In the liver 
ch considerable disorganization of cell cords, marke/J cloudy swelling, some fattj' 

g€, and degenerative changes in the nuclei, with only a few scattered zones of actual 
J^ecrosis (see Fig. 5). Numerous I^mipliocytes and plasma cells occurred in the periportal 
but no connective tissue proliferation was noted. Considerable bile pigmentation was 
present. The kidneys showed fairly normal glomeruli, with both hematoxylin-eosin and 
^ocarmine stains. Marked tubular degeneration was evident, with many areas in which 
groups of convoluted tubules were completely necrotic («ee Fig. 6). Masses of bile pigment 
Scattered throughout the tubules. Veiy little iron pigment was shown in the Prussian 
stain. ]ji the spleen there was a moderate increase of iron pigmentation. Bone marrow 
^ears and sections were not remarkable. No organisms were seen in smears from the 
een, and cultures were sterile. 

COMMENT 

j The histologic appearance of the liver is not that of acute yellow atrophy. 

show evi{]ence of hepatic degeneration, but not as much as would be 
^^ected from the degree of impaired liver function demonstrated clinically. 

ere is, however, no reason for believing, from cither clinical or laboratory 
<^'idence, that hemolytic' anemia was responsible for any appreciable part of 
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Table I 


AUTOPSY 

NO. 

CLINICAL 

DIAGNOSIS 

CAUSE 

OP DEATH 

TOTAL 

DOSAGE 

OP 

SDLPA- 

NILAXIIDE 

DATES 

ADMINIS- 

TERED 

DATE 

OP 

DEATH 

SUhiW- 
NILAIIIDE 
IN BLOOD 
XIO./ 

per cent 

SftiA- 

niluiide 
. IS 

TISSfEst 
IIG./ 

PFli r.V\*T 

210G4 

20105 

Pyelone- 

phritis 

Influenzal 

meningitis 

Uremia 

Same 

27 Gm. 

10.5 Gm. 

Dee. 4-12 
(1938) 

June 8-11 

Dec. 12 
(1938) 

June 12 


S.i liver 

12.0 liver 

20927 

Scarlet fever 

1 

Granulo- 

cytopenia 

101 Gm. 

Nov. 2-18 

Nov. 25 

5.5 (Nov. 
17) 

2.5 liver 

20440 

Puerperal 

sepsis 

Strepto- 

coccus 

viridans 

septice- 

mia 

46 Gm. 

July 8-Aug. 
10 

Aug. IS 


0 liver 

1979S 

Thrombo- 

phlebitis 

erysipelas 


' 24 Gm. 

[Mar. 24r- 
April 1 

April 13 


0 liver 

21055 

Pneumococcal 

meningitis 

Same 

730 Gm. 

Get. 2- 
Dec. 4 

Dec. 16 

33 (Nov. 
1) 

15 (Deo. 
12) 

3.1 liver 

2.7 kid- 
ney 

19973 

Gonorrheal 

arthritis 

Hepato- 

renal 

syndrome 

34 Gm. 

May 6-11 

May 16 

0 (Post- 
mortem 
blood) 

2 liver 

DA 724 ; 

Streptococcus ! 
viridans 
subacute 
bacterial 
endocardi- 
tis 

Same 

24t 

Gm. 

Jan. 10-15 , 

(1939) 

Tan. 16 


3.9 liver 

2.3 spleen 

5.3 kid- 
ney 


given is that last determined. ^ 

. . . , tPive_ grains of tissue were macerated ,with 10 c.c. of water and mixed with 5 
tncnioracetic acid. The free sulfanilamide content of the flltrate ivas determined. 
determinaUons^*^^^ received sulfapyridine. The usual sulf.aniiamide standards were use n 

the patient’s jaundice. The lesion in the kidney is more striking than that w 
the liver, and is in keeping with the patient’s picture of progressive oligutia 
and failing kidney function. It suggests direct injury to the kidney, larger 
tubular, probably by the same agent that injured the liver, altliougli 
conceivably be included in the category of “hepatorenal syndrome,” with kk- 
ney damage dependent on the products of liver damage. 

As in the previously reported cases, the cause of the injury to the h' ^ 
and kidneys is not clear. The drug was administered to a patient not 
ill, in an amount frequently used in clinical practice. Although sulfaniianii ^ 
is acetylated by the liver and excreted by the kidney, neither the free 
jugated form has been shown to be injurious to these organs by e.\'per»n 
methods. Hageman" reported no. apparent damage to the liver and u 
and noted only excess deposits of iron-containing pigment in the jj.,. 

the administration of letlial doses to mice. It has, however, been note 
bromsulphthalein excretoiy function of the liver is impaired in pa 
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ceiving sulfanilamide. It is also possible that chronic alcoholism may have 
predisposed the patient to hepatic damage. 

Although the mechanism of liver and kidne}'^ damage is not understood, 
it is clear from experimental observation, that with conjugation impaired by 
liver damage and excretion impaired by kidney damage, retention of free sul- 
fanilamide might occur in the tissues. It is also theoretically possible that the 
retention of the drug in a particular organ need not necessarily be reflected in 
the blood sulfanilamide level. We, therefore, thought it of interest to deter- 
mine the tissue sulfanilamide content at autopsy. Since few figures are available 
on human tissues, control determinations were done on tissues from several 
other autopsies where sulfanilamide had been administered prior to death. The 
control observations arc not very satisfactory because of the variation in amount 
of drug given, and in the period elapsing from cessation of administration to 
death. The results are given in Table 1. 

Marshall and collaborators^® have shown that under normal conditions in 
e.vperimental animals, free sulfanilamide is rather evenly distributed through- 
out most body tissues. Engelfried*® recorded similar findings in human autopsy 
material from one patient. Greene and Hotz^^ noted considerable increase in 
the concentration of sulfanilamide in the liver as compared to the lung in a 
case of hepatic degeneration, apparently due to sulfanilamide. 

Although only the liver was analyzed in our case (19973), it does not show 
an abnormally higli value as compared witli the findings in other cases at a 
similar period after administration of the drug. Further chemical studies of 
tissue at autopsy, especially where there have been toxic effects, may be of 
interest. 

SUMMARY 

Five deaths are reported following the administration of sulfonamide 
three from granulocytopenia, one from hemolytic anemia, and one from 
liver and kidney damage. In a patient receiving 101 Gm. of sulfanilamide for 
scarlet fever, and in another patient receiving 64 Gm. of sulfanilamide for 
streptococcal sore throat, fatal granulocytopenia developed. A third case of 
fatal granulocytopenia occurred in a patient who was given 88.5 Gm. of sulfa- 
pyridine in the treatment of bacterial endocarditis. In two of these patients 
the bone marrow was examined at autopsy and showed maturation arrest of 
the myeloid series at the myelocyte level. A typical acute hemolytic anemia 
developed within three days in a patient treated for erysipelas -with 25 Gm. of 
sulfanilamide. Interference with renal tubular function by precipitated hemo- 
globin derivatives was thought to be a major factor leading to death in this 
patient. The fifth case showed clinical evidence of severe liver and kidney 
damage developing after the administration of 34 Gm. of sulfanilamide for 
gonorrheal arthritis. Degeneration of liver cells and necrosis of renal tubular 
epithelium were found at autopsy. 


REFERENCES 


!• Sheckett, H. A., and Price, A. E.: Fatal Granulocytopenia Following Administration of 
, ^ Sulfanilamide, J. A. M. A. 112 : 823, 1939. ^ 

- Oltenberg, r.; Clinical Experiences With Sulfanilaniulc Therapy, New York State J. 
Med. 39: 418, 1939. 



1176 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


3. Corr, Pliilip, and Root, Ralph N.: Death Prom Granulocytopenia After Sulfanilamide 

Therapy, J. A. M. A. 112: 1939, 1939. 

4. Sailer, S.: Subacute Bacterial Endocarditis Treated With Sulfanilamide Resulting in 

Granulocytopenia and Death, Am. J. Path. 9 : 2(59, 19 3 9. 

5. Garvin, Curtis: Complications Following the Administration of Sulfanilamide, J. A. 

M. A. 113: 288, 1939. 

(j. Long, Perrin H., Bliss, Eleanor A., and Feinstone, W. H. : Mode of Action, Clinival 
Use and Toxic Manifestations of Sulfanilamide, J. A. AI. A. 112: 115, 1939. 

7. Hageman, P. O. : Toxicity of Sulfanilamide: A Study of the Pathological Lesions in 

WTiite Alice, Proc. Soc. Exper. Biol. & Aled. 37: 119, 1937. 

8. Long, Perrin H. : Sulfapyridine, J. A. AI. A. 112: 538, 1939. 

9. Johnston, P. D. : Agranulocytosis Following Treatment With AI & B 693, Lancet 2; 

1200, 1938. 

10. Coxon, R. V., and Forbes, J. R.: Agranulocytic Angina Following Administration of 

AI & B 693, Lancet 2: 1412, 1938. 

11. Barnett, H. L., Hartmann, A. P., Perley, A. AI., and Ruhoft, AI. B. : The Trc.atment 

of Pneumococcic Infections in Infants and Children With Sulfapyridine, J. A. M. A. 
112: 527, 1939. 

12. Rosenthal, Nathan, and Vogel, Peter: Granulocytopenia Caused by Sulfapyridine in 

Children, J. A. AI. A. 113: 584, 1939. 

• 13. Dolgopol, Vera B., and Hobart, Harold AI.: Granulocytopenia in Sulfapyridine Therapy, 
J. A. AI. A. 113: 1012, 1939. . , 

14. Wood, Harold: A Fatality Prom Acute Hemolytic Anemia Which Developed During tlie 

Administration of Sulfanilamide, South. AI. J. 31: 646, 1938. . e u 

15. Koletsky, Simon: Fatal Hemolytic Anemia Following tlie Administration of Sulfa- 

nilamide, J. A. AI. A. 113: 291, 1939. , 

16. DeGowin, E. L., Warner, E. D., and Randall, W. L.: Renal Insufficiency From Bloou 

Transfusion, Arch. Int. Aled. 61: 609, 1938. . , 

17. Sharpe, J. C., and Davis, H. H. : Severe Reactions Following Transfusions m Hcmoiyia 

Jaundice, J. A. AI. A. 110: 2052, 1938. 

18. Cabot Case No. 25221: New Eng. J. Aled. 220: 924, 1939. , 

19. Antopol, William, Applebaum, Irving, and Goldman, Lester: Two Cmcs ot ^ 

Hemolytic Anemia W^ith Auto-agglutination Following Sulfanilamide Therapy, 


AI. A. 113: 488, 1939. , ... rrmt- 

20. Hageman, P. 0., and Blake, F. G. : Clinical Experience AVith Sulphanilanndo m t 

ment of Beta Hemolydic Streptococcic Infections, Am. J. AI. Sc. 195: loo, ■ 

21. Saphurstein, H.: Hepatitis and Toxic Erythema AVith Desquamation Due to ou 

nilamide, Urol. & Cutan. Rev. 42: 101, 1938. ■ n-o nf Sul- 

22. Pitzgibbon, Paul, and Silver, Barney: Toxic Necrosis of Liver Following s 

fanilamide, California & AVest. Aled. 50: 123, 1939. .pjg 

23. Garvin, Curtis P. : Toxic Hepatitis Due to Sulfanilamide, J. A. AI. .4. Hi- 

24. Gertler, AV. : Injury to Hepatic Parenchyma AVitli Aspect of Acute ® jQg'; 

Following Prontosil Therapy of Recidivating Erysipelas, Dermal, i c 


1938* , A* "pfriHitivcncj-s 

25. Bannick, Edward G., Brown, Alex E., and Foster, Frank P.: Therapeu c 

and Toxicity of Sulfanilamide and Several Related Compounds, . j • - - 

:.io vrnOh-ation, J. AI- 


770, 1938. 


26. Cline, e! AV. : ' Acute Yellow Atrophy Following Sulfanilamide Medication, . ^ 

111: 2384, 1938. .. int. Me!- 

27. Greene, Carl H., and Hotz, Richard: Liver and Biliary- Tract (Re\ien;, -t 

63: i78, 1939. ^ ^ -riin Distrihution of 

28. Alarshall, E. K., Jr., Emerson, Kendall, Jr., and Cutting, AA. L.. , 

Sulfanilamide in the Organism, J. Pharniacol. & Exper. Therap. 'r-„n(.entration 

29. Engelfried, John J.: Further Observations on the Distribution Admin- 

Sulfanilamide in the Tissues of the Body- After Enteral .ini 


istration, J. Alichigan M. Soc. 38: 129, 1939. 



NUTRITION AND NERVOUS EXCITABILITY* 


Louis Harks and H. Neciielks 
Chicago, III. 


IN STUDIES on basal metabolic rate o( Chinese it was foimd that the rela- 
^ lively lower heat production of Chinese wa.s probably due to their greater de- 
gree of rela.xation. This conchasion was arrived at in tlie following way; It 
was assumed that since man’s voluntary musculature is more or less relaxed 
when sleeping, one’s basal metabolic rate should be e(|ual during sleep, but differ- 
ent while awake, depending upon tlie individual's degree of muscular relaxation. 
To test this, the o.xygeu eonsumiition of Chinese and Westerners was determined 
during both conditions. It was found that in most Cliinese tlie basal metabolic 
rate did not change appreciably after they had fallen asleep, but that it dropped 
considerably in 'Westerners, witli a relatively Inglier waking basal metabolic 
rate. 'Westerners with a low waking basal metabolic rate did not show sueii 
a drop while asleep (Neeheles, 1928; Ncchele.s, 1930; and Necheles and Loo, 
1932), 

It is believed tliat the Cliiiiese consume less protein and protein of lower 
biologic value than the Westerner; this may explain indirectly their lower 
basal metabolic rate. It is well known, of course, that the specifio dynamic 
action of proteins lasts only as long as tlieir digestion products are absorbed 
from the intestines and that, therefore, the simple concept of a higher or lower 
specifio dynamic action would not be sufficient to explain a higher or lower 
hasal metabolic rate iii the completely fasting condition. It was thought pos- 
sible, however, that a diet high in proteins might lower the threshold of 
muscular as well as of nervous and of refle.x excitability beyond the period 
cf digestive absorption, thereby raising muscle tonus and number or extent 
of reflex movements, and eon.seciuently oxygen consumption. With this idea 
in view, experiments were performed by one of us (II. N.), together with 
Hr. Ernest DeVries (Department of Neurology, at the Peiping Union Medical 
College, China. Chinese subjects were employed, and the threshold excita- 
bility of the brancli of the facial nerve supplying the risorius muscle, as well 
as the ulnar nerve in the elbow, and movement of the fifth finger were re- 
corded. A clinical wall plate was employed, and the amount of current used 
"as read hi milliamperes. The indifferent electrode was held against the 
chest, while the different one was applied by hand to the marked nerve point. 
Hoth electrodes were soaked in saline solution. The kathodal closing contrac- 
I'on (K.C.C.), the anodal closure contraction (A.C.C.), and the kathodal open- 
ing contraction (K.O.C.) were determined. After a constant level of exeita- 

*Ffom the Department of Gastrointestinal Research. Michael Reese Hospital. anU the De- 
of Physiologj*. the University of Chicago. 

Aided by the Rosalinda Klein Fund. 
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bility had been established in fasting subjects, they were given, on different 
days, meals consisting of ^ lb. of broiled lean meat, or 120 6m. of butter on 
a slice of toast, or a carbohydrate meal consisting of a fruit pudding with 
sugar and glutinous rice. After the meal the nervous thresholds were de- 
termined in twenty-minute intervals, and the oxygen consumption and the 
carbon dioxide production were measured. The results were quite uniform 
and indicated that proportional to the rise of the specific dynamic action after 
a meat meal (but not as regularly or extensively after fat, carbohydrate, or 
fasting), the nervous thresholds would drop considerably and return to con- 
trol values at about the same time as the oxygen consumption and the carbon 
dioxide production. 


Since this phenomenon might have been caused by a variation in skin 
resistance following ingestion of meat, control experiments were performed in 
which, following the technique of Richter (1926), the epidermis above the 
nerve point on one side of the body was p>erforated with a surgical needle, 
and the different electrode ajiplied to that spot; the contralateral side with 
nonperforated skin served as control. It was found that following this proce- 
dure the lowering of nerve thresholds following a protein meal was no longer 
detectable. This proved, indirectly, that the results obtained in the previous 


experiments had been due to changes in skin resistance rather than to varia- 
tions in nervous thresholds. At this point the experiments had to be inter- 
rupted because one of us (H. N.) left China. They were taken up again in 
Chicago on white persons. The technique was basically the same, except that 
small zinc electrodes were fastened to the skin with collodion and adhesive, 
that Cambridge electrode jelly was used instead of saline moistened pads, an 
that a more sensitive amperemeter, a more accurate rheostat, and radio 
batteries as source of current were employed. To our surprise, results vere 
entirely different from those foimd in Peiping. Seven male and 6 fenia e 
persons were employed. It was found that the nervous threshold, when lo^ 
lowmd over prolonged control periods of fasting, showed rhythmic variation-, 
and that after carbohydrate, fat, or protein meals no significant or cons 
variation in nervous threshold was found either on the unperforated oi on 
perforated sldn. 


DISCUSSION 

/"Oi* 

The observations in China were made by two independent obsenera 
DeVries and H. N.), both of %vhom obtained essentially the 
tests in Chicago were perfoi-med by one of us (L. SI.) after haviUo 
proficiency in the technique used, and repeating each reading at ea 
times. We offer the following possible explanations of the dis^epM. 
tween our results on Chinese in Peiping and on w'hite persons in 
case of the subjects in Peiping an unaccustomed high protein mea m 

produced a change in skin resistance. Unfortunately, we 'is eie no^^^ 

obtain Chinese subjects in Chicago, although results might no 

in China because we know that the nutritional standar s o p^s-sibk- 


as in China oecause we Know tnar luc 
Chinese are quite different from those m their homeland. 
explanation may be found in the fact That in the experimen 
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the different electrode may not have been applied to the same spot at each 
test; this is not probable, liowever, in view of similar curves in a great number 
of tests done by two different observers. A third possible explanation may 
be seen in the difference in climate between Peiping and Chicago, and its effect 
on skin resistance. 

A number of other experiments were performed in Chicago in order to 
analyze the relation between food snbslanees and reflexes under more con- 
trolled conditions. In consequence of the negative results obtained, they will 
be mentioned only briefly : 

1. Reflex time (Tuerck) in frogs before and after injection of, or per- 
fusion with, amino acids in buffered solutions. 

2. Height and reaction time of knee jerk and chronaxie of ipsilateral 
flexor and crossed extensor reflexes in anesthetized dogs before and after 
intravenous injection of amino acids. 

3. Reaction time in man (Dunlop chronoseope') before and after carbo- 
hydrate, fat, or protein meals. 

4. Height of knee jerk (mechanical hammer) in man before and after 
above meals, as well as before and after ingestion of amino acids. 


SUJniARY 

In order to explain the difference in basal metaiiolic rate between Chinese 
and Westerners, experiments were conducted in China and in the United States 
to determine the effect of various foods on the neuromuscular system. It was 
found that the skin resistance of Chinese in Peiping apparently decreased after 
a protein meal, while that of Westerners in Chicago did not. 
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THE INTRAVExNOUS ADiAIINISTRATION OF SUCROSE SOLUTIONS IS 
A MEANS OP PRODUCING INTENSE DIURESIS* 


Henry P. Heemholz, M.D., and Jesse L. Bollman, M.D. 
Rochester, Minn. 


T THE acute stage of urinaiy infections the wasliing out of the uriiiaiy pas- 
sages IS one of the most effective means of treatment. The use of large 
amounts of fluid by mouth or by other routes is often suffieient to bring about a 
ow of mine. In some eases, however, this alone is not suffieient and a more 
powerful diuretic is necessary. It is our objeet to find out what solution can 

e given with a minimum of harm to the tissues and yet produce a maximal 
diuresis. 

Fiom former studies on the excretion of bacteria after the injection of 
-0 pel cent sucrose solution, it was shown that a sufficiently intense diuresis 
could be produced so that one-half of the cultures of 0.5 c.c. of urine were 
sterile, whereas before the diuresis was started the urine in the same quantities 
contained innumerable bacteria.^ This observation led us to investigate the 
value of sucrose as a diuretic and to find out its toxicity and its relative value 
as compared with dextrose, sorbitol, urea, and sodium sulfate. 

^ For a comparison of dextrose and sucrose as safe diuretic agents, there were 
available experiments carried out some years ago on rabbits. Thirteen rabbits 
were injected with 20 per cent solution of dextrose, varying in aniounfs from 
60 to 108 c.c. per kilogram of body weight per hour, and 16 animals were in- 
jected with 20 per cent solution of sucrose, varying in amounts from 107 to 
16 1 c.c. per kilogram per hour. The average volume of urinary output of tiic 
13 animals receiving dextrose was 73 per cent of the volume injected, and for 
the 16 animals receiving sucrose the output was 91 per cent. This would indi- 
cate that even though the tonicity of the dextrose solution was practically 
that of the sucrose, its effect was 21 per cent less. When the quantities injeetcJ 
are taken into account, this difference is veiy much greater because much larci-r 
amounts of sucrose were injected, as is seen in Table I. The greater dangei ot 
these injections of dextrose, although much smaller in amount than the siieio-- 
injeetions, is seen from the death of 92 per cent of the animals that recena^ 
dextrose in contrast to the death of 25 per cent of the animals that recent 
a 65 per cent greater volume of 20 per cent sucrose solution. Thus it is e\ a ui 
that sucrose solution is both better and safer than dextrose solution for purpp=' 
of diuresis when large amounts are to be injected in a short period (Taide h ^ 

In our experiments with 20 per cent solution of sucrose we 
maximum diuresis in one hour was obtained without subsequent morfaht' 

100 c.c. for each kilogram of body weight was injected in one hour. 'oa'I 

•From Urc Mayo Clinic, Rochester. 
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sons were made of the diuretic and lethal effect of equal volumes (100 c.c. per 
kilogram) of solutioins of equal osmotic pressure of sodium sulfate, sorbitol, and 
urea, the latter dissolved in pliysiolojjic salt solution. 

Table I 


A CoiiPAiaso.s' Between the Toxicity of a Pinole Laeoe Injection of Sucrose and a 
Single Large Injection or Dextrose 



! lU ANIilAUS INJEtTLD WITH 
.SUCROSE 

Average Injection 140 cc. per 
kg. in 1 Hour i 

ANIMALS I.VJECTED WITH 

20% DEXTROSE 

A\erage Injection 85 c.c. per 
hg. in 1 Hour 

Died within 1 hour 


1 G9.27o 

Died within 24 hours 

2.5.0‘;^ 

92..‘5% 

Reco\ cred 

'."i 1 

7.7% 


The Diuretic Effect of 2.8 Per Cent Solution oi Sodium Sulfate ir/ien Ad- 
mhhUred intravenouahj in a Do'ic of 100 t c per Kdofiram per Hour . — The 
animals did not tolerate the solution well, so tl«ai uMC' tions were given only 
three times a week rather than five times a week as %’«'re the .sucrose injections. 
The urinary output for every 100 c.c. injecTod was ce for a total of eighty- 
three injections in three animals. The two <inimals that received thirty-two and 
thirty-four injections, re.speetively, died ^ The one animal that received only 
seventeen injections recovered. The phenolsulf<>n)>ldUaIein output ranged in 
the animals between 57 and 300 per cent. -•hani'cs in the kidneys of the 
two animals receiving tlie large number of inject ions WL-re relatively mild as 
compared with tiio.se in similar animals receiving sucrose. The tuliular epithe- 
Tmm wa.s .slightly swollen and vacuolated, but ollierwi^e there \\ere no changes 
in the kidneys. 

The Diuretic Effect of 3.5 Per Cent Urea Solution in Normal Saline When 
Mministered IntravenomUj in a Dose of lOO c.c per Kilofjram per Hour for 
One Hour. — The administration of urea in water produced liemoglobinuria, so 
that urea was administered in normal saline .solution. This solution was well 
tolerated. Six animals were injected, one animal receiving sixteen injections, 
another receiving twentj’-six injections, and the rest a smaller number of in- 
jections. These animals received three injections a week. The diure.sis uas 
‘3 e.e. per hour for each 100 e.e. per kilogi-am per hour injected. The animal 
Receiving the twenty-six injections was killed twenty-four hours after its last 
lojection. At nccropsv the kidneys were not enlarged and appeared normal 
-section. IMicroscopfcally the convoluted tubular epithelium was swollen, the 
protoplasm granular and full of vacuoles, ilany tubules were filled with gran- 
ular debris. Some tubules were lined with narrow cells wliicii had a shredded 
larder toward the lumen. Tlie findings rc-sembled somewliat tho.se found on 
hijectioas of .sucrose, except that the swelling of the cells was not so great. 

T/ic Diuretic Effect of 11.7 Per Cent Solution of Sorbitol When Adniinis- 
Intravenoushj in a Dosarje of 100 c.c. Per Kilogram Per Hour for One 
f/oyr.— suggested for its dehydrating effect, it was thought that sor- 
^ll^ight have a diuretic effect superior to that of sucrose. Single experi- 

rabblta died within eighteen hours after rccel\ing one. one, two. -md four 

^«:uon3, reapectiveJy. 
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ments on two rabbits showed in one ease an excretion of 80 c.c. and in the 
other 90 c.c. of urine for each 100 c.c. injected. 

Table II 


Average Output in One Hour During Injections of 100 c.c. per kg. pep. Hour or 
Isotonic Solutions op Sodium Sulf.ate, Urea, and Sucrose 


NATURE OF SOLUTION INJECTED 

URINARY OUTPUT, 

C.C. PER KG. 

NUitBER OF 
INJECTION'S 

2.8% solutioa of sodium sulfate 

85 

83 

3.5% solution of urea 

73 

42 

20% solution of sucrose 

131 

33 


EFFECT OF IN.JECTIONS OP SUCROSE 


The comparison of the effectiveness of sodium sulfate, urea, ami sucrose 
as diuretics is seen in Table II. It will be noted that in the special series of 
thirty-three injections of sucrose, 131 c.c. of urine per kilogram were returned 
within the hour when 100 c.c, of 20 per cent solution of sucrose per kilogram 
had been injected intravenously. This was the only one of the substances m 
which more was returned in the hour than was injected. We found the sucroac 
to be safer than the sodium sulfate which gave the next best results. It is also 
of interest to compare the percentage of excretion of urine when 100, 75, an 
50 c.c. of 20 per cent solution of sucrose for each kilogram of body 
injected within an hour. The figures were very close — 131, 136, and 
cent of the amounts injected. It would seem that a 20 per cent so ution 
sucrose was the most effective, and under these circumstances the safest, as ue 
as a very inexpensive, diuretic solution for intravenous use. 

Early in our experiments it was evident that the intravenous 
20 per cent solution of sucrose produced extreme hydropic degeneiation o 
convoluted tubules, and when large amounts were injected, it pro ucc ^ 
ing of the phenolsulfonphthalein output and subsequently a uunaij 
that fell to zero. It was necessary, therefore, to determine whethei lese 
in the convoluted tubules were of a permanent or of a transient c 
whether functionally the kidney showed permanent damap w ic i 
traindicate the use of sucrose. In this connection we considere 
of functional incapacity of the convoluted tubules that mig h s le • 
on their secretory activity, particularly with regard to lea jsoip 
from the glomerular filtrate. Uniformly, however, the coneen la jjyjfopii' 
urine following the injection indicated that in spite of W'e, 

degeneration of the tubular epithelium this function sohib7)a 

therefore, gave a number of animals repeated injections o - pc^ 


of sucrose. _ i . it rteeived the 

Of the animals injected we want to mention onlj ^ -ecoiul reccivk' 
greatest number of injections, one receiving thirty-eig i , 
fiftj^-two, and a third which received sixty-eight injectioiis :iui- 

in distilled water in one-hour periods. The essential c a a c tln»«-^'' 

mals are given in Table III. The animals remained m good 
out the course of the experiments; rabbit 2 gave but i • - . 
days after the last injection of sucrose. Attention is ta 
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of Rood diuretic response to the injection of sucrose and also the phenolsul- 
fonphthalein excretion which was not greatly impaired by the repeated injec- 
tions. 

Table III 

Effect of Repeated Injections of 20 Per. Cent .Soeotion or Scceose on the Function 

OF THE KIPNCY 


NUMBER OF 
INJECTIONS 

AMOUNT INTRA- 
VENOUSLY INJECTED 
(C.C.) PER KIL0GR.VM 
PER HOUR 1 

URINARY OUTPUT (C.C ) 
PER laLOGRAM PER 

1 HOUR 

PERCENTAGE EXCRETION 
PIIEWOLSULFON- 
PIITHALEIN 

1 

Rabbit 1, weight 2.3 hg., leccivmg 3S m S- da>s. 

4 

Q 

1 oO 

75 

J 40 

1 

1 63 

1. Left nephrectomy 3 days after Gth injectum Iniettum- u mhul (1 aitei j 

12 

50 

42 

40 

11 

75 


4S 

9 

100 

03 



Biopsy of right kitlncy 5 days after 3Stli luieetum 


1 

12 


loiP 


132 1 

50 

7o 


126 

100 


IIS 


71 clays. 


66 

52 

33 

54 


44 


~2. Biopsy of right kidney 4, 39, and 105 clays after 52n.i 


Rabbit 

4 

5 

9 

3, wcigl 

50 

75 

100 


35 

91 

9S 


62 

54 

35 

1. Left ncphrectoni] 

r 3 days 

alter 21st injection 

Injections 

esumed alter » tiajs. 

10 

10 

12 


50 

75 

100 


46 

57 

.50 


30 

25 

iioeil after 5 days. 


3. Biopsy of right kidney 39 :ind 105 days after OStli inject 


1 fivp d'lvs after several injections 

The kidneys and sections removed one to _ convoluted tubules 

of sucrose appeared swollen with the cortex uc " ' tubules was large and 

"ore greatly swollen; the epithelium of the com 

o'ear, so that the cells resembled those of hypernep i • glomeruli 

“od pyknotie, and many cells did not appear o Sections re- 

^ind the other structures of the kidney appeare .similar except tliat iii 

moved one to five days after the last convoluted tubules sug- 

Ihe latter an increased staining of some regio 
gested au increase in the protoplasm of the swo eu ce - 

1 .1. »na..l,n ir 

llm fifty-third injection of sucrose. A ^ (,on- 

portions of tubules only small shreds of protop asm -Whcii cell out- 

maerahle extent the cells lining the tubules did not show nuclei. When 
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lines were distingnishable, tlie tubules were practically swollen shut. In some 
regions where cell outlines were represented only by small masses of granular 
material, the lumen of the tnbules seemed large. The glomerular capsules were 
distended, so that there was much space about the glomerulus. 

Sections taken thirty-nine days after the sixty-eighth injection indicated 
almost complete recovery from what seemed, in the sections taken within a few 
days after injection, to he irreparable damage to the convoluted tubules. The 
sections appear like those from the normal kidney of the rabbit, except perhaps 
that the cells of the convoluted tubules were slightly larger (Fig. 2). Sections 
taken one hundred and five days after the last injection were entirely indis- 
tinguishable from sections of normal kidneys. 

Injection for Six Honrs . — Having convinced ourselves that sucrose solution 
even in 20 per cent concentration injected five times a week for a number of 
weeks does not result in any permanent damage to the kidney and does not 
seriously interfere with its function, it next seemed indicated to continue the 
set rate of injection of 100 e.c. per kilogram per hour for longer periods. In 
extending the time, we are putting a much greater strain on the circulation as 
well as the kidney, and it is essential, in order to be successful, that there be 
a balance betAveen intake and outgo. Former experiments had shown us that 
even Avhen 50 per cent sucrose was injected, the kidney could not put out a con- 
centration of sucrose of more than 10 per cent. As a result of a one-hour experi- 
ment we were pretty thoroughly convinced that sucrose is the best diuretic^ or 
intravenous use, but we felt that a few six-hour experiments with the various 
diuretics used in the one-hour experiments would be of confirmatory 

Our fii’st injections with 8 and 10 per cent sucrose solution in Avatei s one 
us that the good diuresis of the early hours rapidly disappeared wdth a 
ing output of sodium chloride. The chloride concentration, as Avell as t e 
of urine, was greatly reduced, and there AAms a retention of sucrose propor i 
to the Avater retention. Tavo of the three animals died, and the outpu o 
six-hour period was only 66, 44, and 39 per cent of the amount injec e . ^ 

To correct this lack of sodium chloride, as well as a lack of 
calcium, one-half strength Ringer 's solution Avas used because it is appro- 
equivalent to the amount of inorganic salts excreted in the first ° gjj,gQgth 
diuresis Avith sucrose in Avator. Using 8 per cent sucrose in one- la 
Ringer’s solution, there Avas a surprising improvement in the 
an average output of SS per cent of the volume injected an e 
definite retention of Avater, sucrose, or sodium chloride. The of 

of these animals at the end of the injection Avas practically norma . . jj,. 

the eight injected animals died. One animal had tAVO additimia 
jections in the course of tAVo montlis, excreting 92 per cent an 
the amount injected the second and third times, and one anima 
jections in a period of a month. _ jrilo'U'am 

Ringer’s solution Avas injected at the same rate of course of tbe 

hour for six hours m five animals, one of Avhich died duiuig i 
fifth hour. In all there Avas a marked retention of Avatei an 

Three animals receiving 1.44 per cent urea in one-half si pours 

solution died Avithin forty-eight hours, one dying after tAVO an 
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of injection. Each showed a marked retention of water, urea, and sodium 
chloride. 

Three animals received 1.55 per cent sodium sulfate in one-lialf strength 
Ringer’s solution; one died four hours after the injection, and one within forty- 
eight hours. Each animal showed retention of water, sulfate, and sodium 
chloride during the injection period. 

One of the four animals receiving 4.2 per cent dextrose in one-half strength 
Riuger’s solution died at the end of four hours, and all showed retention of 
water and sodium chloride. 

The two animals receiving 4.5 per cent sorbitol in one-half strength Einger’s 
solution lived and excreted 48 per cent of the volume injected, retaining sodium 
chloride proportional to the ivater retained. Five animals received 6 per cent 
sorbitol in the same solution and put out on an average 80 per cent, and three 
of the animals died within forty-eight hours. 


Table IV 


Diuresis Aiu’er Injection of 100 c.c. reu Kilogram Per Hour for Six Hours 


SOLUTION 

I’EKCENT.VGE OF 
injected 

SOLUTION 

excreted 

NUMBER OF 
ANIMALS 
INJECTED 

NUMBER OF 

animals which 
died within is 

HOURS 

1.41% urea in Ringer’s solution 

Einger’s solution 

4.5% sorbitol in 14 Ringer’s solu- 
tion 

38 

47 

48 

3 

5 

0 

3 

1 

0 

1 

0 

W 

3 

4.2% dextrose in Einger’s solu- 

tion 

1.55% sodium sulfate in Ringer’s 
solution 

02 

73 

4 

3 

0% sorbitol in fA Einger’s solution 
S% sucrose in 14 Ringer's solution 

80 

88 

5 

S 

0 


From Table IV it is to be seen that an 8 per cent sucrose 
half strength Ringer ’s solution produces a fair balance of fluid, so mni 
and sucrose. As was to be anticipated the changes in the kidneys ^ ^ ^ j,, 

four-hour and a forty-eight-hour interval resemble very closely ^ ® 
those experiments in which a 20 per cent sucrose solution was injec e 
hour and the animal killed after twenty-four and forty-eiglit 
changes, however, did not intei’fere with the function of the i ley s 
to prevent an animal tolerating three such injections and at tie 
putting out a greater volume than in the previous one. ^ 

None of these eight animals died as a result of the percenfag^ 

had multiple injections. This, taken in conjunction with a evaluation 

excretion of the sucrose-injected animals, makes it evident la 
of sucrose as the best diuretic by the one-hour test is also orne 
hour experiments. . ^ ^ pg,. j-iiograffl 


It can thus be definitely stated that a rabbit receiving^ 
per hour of 8 per cent sucrose in one-half strength serions 

hours will excrete almost 90 per cent of the volume ® weight in 
dano-er to life. This represents more than half of his tlipse experinio"*^ 
in six hours. We realise that the solutions used m tl.«e e-P 
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are still merely rough approximations of the ideal diuretic solution and that 
many experiments on different animals will have to he tried before we shall know 
the ideal diuretic for man. 

SUM3IABY 

Diuresis may be obtained in rabbits by the intravenous injection of 20 per 
cent solutions of sucrose. One hundred cubic centimeters of this solution for 
each kilogram of body weight injected in one hour produced an excretion of 
urine approximately 130 per cent of the volume injected. Marked hydropic 
degeneration of the convoluted tubules occurred, and in the next twenty-four to 
forty-eight hours there was a marked lowering of the plienolsulfonphthalein out- 
put and temporaiy anuria occasionally developed That these changes pro- 
duced no permanent damage was demonstrated by repeated injections five times 
each week for as many as sixty-eight injections, Duiiesis was unimpaired, and 
even though a section of the kidney removed a few days after many injections 
appeared irreparably damaged, w’ithiu thirty-nine days the kidney on removal 
appeared normal grossly and micvoscopically and could not be distinguished 
from a normal kidney. 

Sodium sulfate, urea, dextrose, and sorbitol injected in a similar manner 
m solutions with tonicity equivalent to 20 per cent sucrose produced less diuresis 
in every case. The histologic changes produced in the kidneys were similar in 
nature but definitely less than those produced lij' sucro.se. With the exception 
of sorbitol all were definitely more toxic and could not be injected repeatedly 
as often as sucrose. 

An intense diuresis was maintained for six-hour periods by the continuous 
intravenous injection of solutions. With sucrose solutions urine equivalent to 
one-half of the weight of the animal was excreted in the six-hour period. To 
avoid lethal effects and to maintain the cxec.ssive flow of urine it was found 
necessary to maintain a balance of the solution injected and the urine excreted 
with reference to water, sucrose, and salt. This was accomplished with a solu- 
tion of 8 per cent sucrose in one-half strength Ringer’s solution. 

Solutions of urea, sodium sulfate, and dextrose, of tonicity equivalent to 
S per cent sucrose, in one-half strength Ringer’s solution were lethal or definitely 
endangered the life of the animals. These solutions, as w'ell as an equivalent 
fioi’hitol solution, produced less diuresis and permitted a greater retention of 
water and sodium chloride than did sucrose. Greater concentration of sorbitol 
produced diuresis approaching that of 8 per cent sucrose, but was fatal to three 
five animals used. 
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INTERRELATION BETWEEN THE VITAWN B COMPLEZ AND THE 
ANTEEIOR LOBE OP THE PITUITARY GLAND* 

Don C. Sutton, M.S., M.D., .und John Ashworth, M.D., Chicago, III. 


X demonstrated the specificity of nicotinic 

acid m the treatment of pellagra, bnt despite this there are some patients 
w 10 fail to respond to large doses of nicotinic acid even when it is combined 
mtli liver extract and an adequate diet. 


As a result of tlie treatment of two patients^ reported as cachexia due to 
c eficieney of the anterior lobe of the pituitary gland, it was noticed that 
pellagrous lesions improved altliough they liad failed to improve with specific 

ThAvnT\t7 ^ 


CASE HISTORIES 


Casl 1. L. W., a 01-year-olct white laborer, entered Cook County Hospital on Peceraber 
26, 1937. ‘ 

His immediate complaints were diarrhea, loss of weight, and edema of the feet. He was 
irritable and after a few days left the hospital, returning January 27, 193S with the same 
complaints. lie stated that a gastro-enterostomy had been done in 1915, although no eri- 
deneo of such an operation can be found by either direct gastroscopy or s-rays of the 
stomach. 

Tlie edema of the foot had been present at various times during tlie past three years, 
and recently he had been treated at a dispensary for a cardiac condition. Tlie remainder of 
the history was irrelevant. 

At entrance the physical examination revealed an emaciated, weak, but not acutely ill 
patient. His temperature was 98.2° P., pulse 48, respirations 9 per minute, and blood pres- 
sure 126/80, An acute glossitis was noted. Examination of the chest and abdomen mis 
negatiie. A gastroscopic examination revealed a reddened mucosa with a few erosions. The 
proctoscopic examination showed a reddened mucosa. The spinal and blood Wasserniann 
tests were negative. The basal metabolic rate was -34. The blood chemistry showed total 
nonproteiu nitrogen 25 ; urea 15.41, uric acid 2.5, cholesterol 160, sugar 86, total proteins 6.S3, 
albumin 4.37, globulin 2.46, and ratio 1.77. There was a complete achlorhydria after an Bwald 
meal. 


The diarrhea persisted, with five to twelve stools daily. The feces were yellow, watery, 
rvith a low specific gravity, and contained no blood. No parasites were found. 

Neither the glossitis nor the diarrhea was improved by large doses of nicotinic acid, 
parenteral administration of liver extract, and an adequate diet. He was also treated m 
thyroid extract and insulin. 

He lost weight (from a normal of ISO pounds to 89 pounds) and became helpk- 
from weakness. 




On October 19, 1938, daily intramuscular injections of an extract of the aiitenor 
of the pituitary gland! were begun on a suspected diagnosis of a pituitary cachexia. 

Department of Medicine, North-western University MediCTl School an 
Robert Biuce Preble Research Laboratory of the Cook County Hospital, Chicaeo. . yihs 
-work lias been greatly aided through a special grant from a fund in meniorj 
M. M. Capper. “ 

Received for publication. May 15, 1940. 

tThe extract of the anterior lobe of the pituitary gland, "polyanp'n, 

Company was used. The method of preparation of polyansyn should destroy an na 
vitamins. 


of 


anii 


1188 



SUTTON-ASHWORTH : VITAMIN B COMPLEX AND PITUITARY GLAND 1189 


Shortly after beginning the administration of the extract of the anterior lobe of the 
pituitary gland, the diarrhea iniprovei*!, the glossitis disappeared, and after thirty days a 
gain in weight and strength was apparent. By May, 1939, six months later, he weighed 167 
pounds and his basal metabolic rate was -10. The pituitary extract was discontinued in 
May, 1939. He continued well until October 15, 19.39. After a recurrence of the diarrhea 
and a loss of 9 pounds, 1 c.c. of the gonadotropic lioroiono of tlie pituitarj' gland was given 
intramuscularly for thirty days. The diarrhea and weight loss were promptly relieved. The 
gonadotropic hormone wms discontinued because of the belief tiiat it is impossible to procure 
an extract free of the other hormones. He continued well until April, 1910, when the 
diarrhea returned and later a severe glossitis. 

He was allowed to lose 13 pounds after which 1 c.c. of the polyansjn was injected 
djuly. 'Witliin forty-eight hours the di.irrhoa ceased, and tlie tongue was no longer painful. 
The redness disappeared in three days. 


Case 2. — Mrs. T. E., a white woman 44 years ohl, u-as 6rst seen on August 14, 1939. 

Her initial complaints were weakness, loss of weight, anti diarrhea. The diarrhea had 
been present at intervals for the past fifteen yc.ars, ami coiitmunus witli several watery stools 
daily for the past five years. 

The essentials of examination were emaciation ('weight 92 pounds), a peculiar wizened 
facies like that seen in hj^popituitary dwarfism, ami a sligiit glo'^itis. 

The blood examination showed hemoglobin 14 5 Gm., red blood cells 4,800,000, white 
blood cells 6,050, total nonprotein nitrogen 29,5, gluto'^e 91, cholesterol 213, and chlorides 
■1S5. The basal metabolic rate was -7. .Analysis of an Ew.iM meal levealed free hydrochloric 
acid 6, total acidity 22. X-ray examination of the g.i''trointe«tinaI tract was entirely nega- 
tive. There was a trace of blood in the stools on one occasion. No amoebae were found, 
although a single cyst had been reported a year previously Bc auee of the possibility that 
this was a case of atypical Simmonds’ disea'se, she wa-- given 1 co. of polyansya intra- 
siuscularly daily, Tlic glo.ssitis promptly disappeared and the diarrhea improved. By 
I^bruary, 1940, she had gained 13 pounds, the most she has over weighed. 

The patient has since then become less emotional, is able to take care of a four-room 
iipartment, and resume normal social activities. Her menstrual periods arc less painful 
and have a more normal flow. Nevertheless, during each menstrual period and the week 
thereafter there is a moderate to severe return of the dianhea. Recently 2 c.c. of polyansyn 
•laily during the week preceding the menstrual period greatly decreased these recurrent diar- 
'^bcus. If the polyansyn is stopped, the symptoms return within two weeks. 

In view of the prompt recovery of the glossitis following the use of an extract of the 
anterior lobe of the pituitary gland, it appcardl rational to apply tliis therapy to persons 
''ith pellagra who had failed to respond to the administration of largo amounts of nicotinic 
nei(3, riboflavin, liver parenterally, and adequate diets. 


Case 3.— C. N., a white male laboicr, aged 49 year.'-, cntcicd the Cook County Hospital 

August 29, 1939. 

His immediate complaints were epigastiic pain for the past year, loss of appetite for 
SIX months, and a loss of SO pounds during the past year. 

The epigastric pain had no relation to meals, although ho occasionally vomited about 
One hour after a meal. He had a diarrhea of four to five liquid stools daily. 

The essential physical findings were emaciation, a severe glossitis (a red beefy tongue), 
a sore reddened pharynx. 

The results of laboratory examinations showed that the urine contained a two-plus 
®“gar and a three-plus albumin. An Ewald meal revealed an aclilorhydria. No parasites 
blood were found in the feces. 

A glucose tolerance test showed fasting glucose lOG; at 9 a.jl, 272; 10 a.m., 200; 
A.U., 158. 


The blood examination revealed hemoglobin 10 Gm., red blood cells 3,590,000, white 
*^Jood cells 4,800, total nonprotein nitrogen 23, cliolcsterol 135, cholesterol esters 36, and 
phosphatase 7.38. The Kahn reaction was negative. The basal metabolic rate was -11. 

X-ray of the gastrointestinal tract revealed no abnormality. A gastroscopic examination 
revealed a red and swollen mucosa. 
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On September 13, 1939, an erytlieuiatous eruption was observed on the face and in 
tlie groin. There was also maceration of the scrotum and the thighs. At this time 000 
mg. of nicotinic acid daily, dilute hydrochloric acid, and insulin for the diabetes were in- 
stituted. The skin and mouth lesions showed no improvement, and on October 17, 1939, the 
patient was referred to the outpatient diabetic and skin clinics. 

He re-entered the hospital on December 12, 1939, with typical pellagra lesions of the 
tongue, face, cracked scaling lesions of the lips, and corners of the mouth, symmetrical 
eruptions on the elbows, hands, and feet, and the groin and perianal regions. The diarrhea 
had become much worse. He was given SOO mg. of nicotinic acid on entrance and then 
iOO mg. daily until January 30, 1940. Ninety-nine milligrams of riboflavin daily were given 
for one week. In the meantime a positive x-ray and gastroscopic diagnosis of carcinoma of 
die stomach were made and all treatment was stopped. 

On February 13, 1940, lie was referred to our service for a trial of polyansjm. On 
his date the lesions were as described on December 12, 1940, and, in addition, a severe 
excoriation of the scrotum was found. 

The diarrhea stopped after 8 c.c. of polyansyn was injected intramuscularly in daily 
doses of 2 c.c. At this time the patient was completely bedridden. In fourteen days he 
was able to walk. The scrotal, perianal, and Iiand and feet lesions cleared completely. The 
scaling of the face disappeared, but the lesions at the angles of the mouth improved about 
SO per cent and the tongue about 05 per cent. The cessation of polyansyn for two to three 
days caused the prompt reappearance of diarrhea, glossitis, and lip lesions and the anal- 
scrotal and perineal lesions a few days later. One cubic centimeter of polyansyn will stop 
the diarrhea in twenty-four liours. 

The patient has had no evidence of diabetes for the past three months. Although he 
is not entirely relieved, the fully SO per cent improvement has added greatly to his comfort. 


Case 4. — Mrs. T., aged 44 years, a white waitress, was first seen in the Northwestern 
University liematology clinic by Doctors Howard Alt and Richard Toung on December 6, 1937. 

Her complaint at that time was a diffuse swelling of the right parotid gland, rednesa 
and soreness of the mouth and tongpie, and painful fissures at the angles of the moufi. 
She had complained of vomiting and belching of gas for fifteen years prior to her a nus 
sion to the clinic. In 1927 she was examined at the Alayo Clinic. 

No organic disease was found and it was then suggested that she had a vitanun 
floiency. \ 

Until November, 1939, she was treated for a secondary anemia and a vitainm 
fleiency. Iron, yeast, meat, oranges, and grapefruit were added to a supposed ‘ 
but her low income prevented her strict adherence to it. From November 21, 1 i ^ 
of riboflavin and 300 mg. of nicotinic acid daily wore also given. On January 6, 
nicotinic acid was increased to 900 mg. daily for two weeks. From March 6 to arc 
1940, 20 Gm. daily of ventrleulin were given. On March 16, 1940, she was re erre 
At that time her tongue was red and 2 minful. She had painful cracks at the 
mouth, with scaling of the skin at the lip borders. These lesions had not comp e e y 


in three years. ..j 

She was given 2 c.c. of polyansyn daily. At the end of five days of 

entirely healed and the tongue was less red and painful. She continued well wi 
polyansyn weekly^ until one week before her menses, w'hen the angles of 
more became sore and cracked, and her tongue became red and painful. m 
were continued and after menstruation ceased, the lesions promptly' disappeare 

With the next menses the angles of the mouth became painful but did not p^jnful 
condition disappeared before the menses were completed, and the menses became 
during treatment. When last seen, May 10, 1940, she was entirely well. ^ 

CASE 5.— C. F., a Cliinese male, 54 years old, entered the Cook County SosF*®' 
moderate cardiac decompensation, due to an aortic stenosis of rheumatic orio 

i. ' 1 rlrx’ 

He sllO^Yed no other significant findings, except a symmetrical ar> ^ fa pellagr^^* 

. , -c T , 1 ., ti.Q ri.in-lic Tlipcfi lesions were diagnos - 


backs of the hands, the buttocks, and the thighs. These lesions weie 
He was treated for his cardiac condition but kept on a vitamin-poor 


for ten days- 
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Si’TioK-AsinvoRTii: 

I.\TEBr.CL.VT10X BETU'EEN the VlTAMlX B 
OVMl'LEX AXD THE AXTEUIOU LOliE Qi' THE 
PiTLTTviiY Gland 



Platb I. Ca&p •<.— Bofoiu tieatnicnt witli |»olxan'«\n. t le^^jon in angle of the mouth. 



Platk II. Cas.e J. — After treatment with polyansjn. 
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tlic suggestion of Dr. Dunbar he was given 1,000 e.c. of glucose intravenously on March 20. 
The next day all the lesions were acutely inflamed and painful, and the backs of his hands 
were cracked and exuded serum. 

He was continued on the low vitamin diet and given 2 c.c. of polyansjTi daily. Improve* 
ment was prompt, and on May 9 all evidence of scaling was gone. 

DISCUSSION 

"With the exception of Case 5, all patients had been well treated as pellagrins 
and yet showed little or no improvement for long periods of time. The use of 
an e.\traet of the anterior lobe of the pituitary gland, as already stated, was 
suggested by the prompt improvement of the glossitis and diarrhea in Cases 1 
and 2. These eases were considered as probably pituitary cachexias. The other 
eases had no evidence of pituitary hypofmiction and yet improved with the 
administration of polyansyn. The lesions improved by the use of polj^ansyn are 
the same as those accepted as being due to deficiency of nicotinic acid and 
viboflavin. There is some evidence that starvation or \ itamin B deficiency may 
lead to damage of the anterior lobe of the pituitary irlaiid. 

ilarburg and 'Wenchebaeli observed necrotic areas in the anterior lobe 
of the pituitary glands of patients dying from beriberi 

Burke and Jlclntyre^ found that rats on a thianun-deficient diet did not lose 
weight as rapidly when given a growth-promoting e.xtract of the pituitary as 
did those who did not receive the extract; they concluded that the growth- 
promoting hormone modifies tlie utilization of thiamin. 

Brenneman* found that when day-old clucks were fed a standard diet only 
on alternate da5's growth was retarded to about 50 per cent of that of normal 
controls fed the same diet every day. The testes were lighter in the starved 
chicks. Male hormone limited the growtli of the testes of the control chicks but 
not of the starved chicks. This observation is interpreted as evidence of de- 
creased production of the gonadotropic hormone. This is further suggested by 
the fact that injection of an extract of the anterior lobe of the pituitary gland 
produces greater growtli of the testes and combs in tlie starved cliicks than in 
normal controls. 

Sommer® found that women who liad passed through puberty during the 
starvation caused by the blockade of Germany during 191-4 to 1918 showed a 
high incidence of abortions and stillbirths. Delayed menstruation, amenorrhea, 
infantilism, and sterility were common. Corpus luteum hormones failed to 
Cause improvement. Prolan benefited many cases. Greatly diminished lacta- 
tion Was common and was greatly improved bj' the use of lactogenic hormone. 
From these observations lie concluded that the lactogenic and gonadotropic 
hormones of the pituitary gland were diminished by starvation. 

Hundhausen'^ found that deprivation of vitamin B^ caused a decrease in 
the thyrotropic and gonadotropic hormones in rats. 

From this experimental work it appears that vitamin deficiency or partial 
starvation may cause a decrease of the hormones of the anterior lobe of the 
pituitary. This may serve to explain the results in all cases except Case 5. In 
tills ease, recovery occurred with the administration of polyansyn, although a 
[ow vitamin diet was continued. An attempt to answer some of these questions 
is now being done through a series of laboratory observations. 
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Oa September 13, 1939, an erythematous eruption was observed on the face anil in 
the groin. There was also maceration of the scrotum and the thighs. At this time 600 
mg. of nicotinic acid daily, dilute hydrochloric acid, and insulin for the diabetes ivete in- 
stituted. The skin and mouth lesions showed no improvement, and on October 17, 1939 the 
patient was referred to the outpatient diabetic and skin clinics. 

He re-entered the hospital on December 12, 1939, nith typical pellagra lesions of the 
tongue, face, cracked scaling lesions of the lips, and corners of the mouth, symmetrical 
eruptions on the elbows, hands, and feet, and the groin and perianal regions. The diarrhea 
had become much worse. He was given 800 mg. of nicotinic acid on entrance and then 
100 mg. daily until January 30, 1910. Ninety-nine milligrams of riboflavin daily were given 
for one week. In the meantime a positive x-ray and gastroscopie diagnosis of carcinoma of 
die stomach were made and all treatment was stopped. 

On February 13, 1010, he was referred to our service for a trial of polyansyn. On 
his date the lesions were as described on December 12, 1910, and, in addition, a severe 
excoriation of the scrotum was found. 

The diarrhea stopped after 8 c.c. of polyansyn was injected intramuscularly in daily 
doses of 2 c.e. At this time the patient was completely' bedridden. In fourteen days lie 
was able to walk. The scrotal, perianal, and hand and feet lesions cleared completely. The 
scaling of the face disappeared, but the lesions at the angles of the mouth improved about 
SO per cent and the tongue about (55 per cent. The cessation of polyansyn for two to three 
days caused the prompt reappearance of diarrhea, glossitis, and lip lesions and the anal- 
scrotal and perineal lesions a few days later. One cubic centimeter of polyansyn will stoi) 
the diarrhea in twenty-four hours. 

The patient has had no evidence of diabetes for the past three months. Although he 
is not entirely relieved, the fully SO per cent improvement has added greatly to his comfort. 


Case 1. — Mrs. T., aged 44 years, a white waitress, was first seen in the N'orthwestern 
University hematology clinic by Doctors Howard Alt and Richard Young on December 6, 1W7. 

Her complaint at that time was a diffuse swelling of the right parotid gland, redness 
and soreness of the mouth and tongue, and painful fissures at the angles of the mou . 
She had complained of vomiting and belching of gas for fifteen years prior to her a m’s 
sion to the clinic. In 1927 she was examined at the Mayo Clinic. 

No organic disease was found and it was then suggested that she had a vitamin 
ficiency. . , 

Hntil November, 1939, slie was treated for a secondary anemia and a 
fleieney’. Iron, yeast, meat, oranges, and grapefruit were added to a supposed ' ' 

but her low income prevented her strict adherence to it. From November 21, 1 
of riboflavin and 300 mg. of nicotinic acid daily were also given. On January , 
nicotinic acid was increased to 900 nig. daily for two weeks. From March 0 to m ^ 
1940, 20 Gm. daily of ventriculiu were given. On March 16, 1940, she was re erre^ 

At that time her tongue was red and painful. She had painful cracks at the 
mouth, with scaling of the skin at the lip borders. These lesions had not conip e e y 


in three years. _ „as 

She was given 2 e.c. of polyansyn daily. At the end of five days jq ,.j, of 
entirely healed and the tongue was less red and painful. She continued wc once 

polyansyn weekly until one week before her menses, when the angles o le^^^ injections 
more became sore and cracked, and her tongue became red and painfu . ^ 

were continued and after menstruation ceased, the lesions promptly disappeare^ 5'^“’ 

With the next menses the angles of the mouth became painful but did no -.jinfu! 
® fUo menses became lc=3 I 


condition disappeared before the menses were completed, and the menses 
during treatment. When last seen, May 10, 1940, she was entirely ne 


Hospifo' 'Otl‘ 


Case 5. — C. F., a Cliinese male, 54 years old, entered the Cook 
moderate cardiac decompensation, due to an aortic stenosis of rlieunia ic o 1 , 1 ^ 

He showed no other significant findings, except a symmetrical dry .,g pellag”- 

backs of the hands, the buttocks, and the thighs. These lesions were jays- 

He was treated for his cardiac condition but kept on a vitamin-poor i 
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tlie suggeatioa of Dr. Dunbar he waa given 1,000 c.c. of glucose intravenously on March 20. 
The next day all tlio lesions were acutely inflamed and painful, and the backs of his hands 
were cracked and exuded serum. 

He was continued on the low vitamin diet and given 2 c.c. of polyansyn daily. Improve- 
ment was prompt, and on May 9 all evidence of scaling was gone. 

DISCUSSION 

With tlie exception of Case 5, all patients had been well treated as pellagrins 
and yet showed little or no improvement for long periods of time. The use of 
an extract of the anterior loho of the pituitaiy gland, as already stated, was 
suggested by the prompt improvement of the glossitis and diarrhea in Cases 1 
and 2. These cases were considci’cd as probably pituitary cachexias. The other 
cases had no evidence of pituitary hypofunetiou and yet improved with the 
administration of polyansyn. The lesions improved by the use of polyansyn arc 
the same as those accepted as being due to deficiency of nicotinic acid and 
riboflavin. There is some evidence that starvation or vitamin B deficiency may 
lead to damage of the anterior lobe of the pituitary gland, 

JIarburg and 'Wenchebach observed necrotic areas in the anterior lobe 
of the pituitary glands of patients dying from beriberi. 

Burke and McIntyre^ found that rats on a thiamin-deficient diet did not lo.sf 
weight as rapidly when given a growth-promoting extract of tlie pituitary 
did those who did not receive the extract; they concluded that the growth 
promoting hormone modifies the utilization of thiamin. 

Brenneman^ found that when day-old chicks were fed a standard diet onh 
on alternate days growth was retarded to about 50 per cent of that of normii] 
controls fed the same diet every day. The testes were lighter in the starved 
chicks. Hale hormone limited the gi'owth of the testes of the control chicks bui 
not of the starved chicks. This observation is interpreted as evidence of de 
creased production of tlie gonadotropic hormone. This is further suggested b\ 
Ihc fact that injection of an extract of the anterior lobe of the pituitary aland 
produces greater growth of the testes and combs in tlie starved chicks than in 
normal controls. 

Sommer^ found tliat women who had pa.ssed through puberty during the 
starvation caused by the blockade of Germany during 1914: to 1918 showed a 
high incidence of abortions and slillbirtlis. Delayed menstruation, amenorrhea, 
nifantilisni, and sterility ivere common. Corpus luteum hormones failed to 
cause improvement. Prolan benefited many cases. Greatly diminished lacta- 
tion was common and was greatlj^ improved by the use of lactogenic liormone. 
From these observations he concluded that the lactogenic and gonadotropic 
’ormones of the pituitary gland were diminished by starvation. 

Hundliausen‘^ found that deprivation of vitamin caused a decrease in 
Ihe thyrotropic and gonadotropic hormones in rats. 

From this experimental work it appears that vitamin deficiency or partial 
^laryation may cause a decrease of the hormones of tlie anterior lobe of the 
Phuitary. This may serve to explain the results in all cases except Case 5. In 
I us case, recovery occurred with the administration of polyansyn, although a 

vitamin diet was continued. An attempt to ansiver some of these questions 
now being done through a series of laboratory observations. 



Gi 


1192 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


CONCLUSION 

Evidence is presented indicating that an extract of the anterior lobe of the 
pituitary gland will cause recovery of pellagra lesions when they have failed to 
respond to nicotinic acid, riboflavin, parenteral liver, and adequate diet. 
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LABORATORY METHODS 


MODIFICATION OP THE GALACTOSE TOLERANCE TEST BASED ON 
THE DIFFERENTIAL FERMENTATION OF GLUCOSE OCCURRING 
WITH GALACTOSE IN URINE” 


S. S. Licht-man, MD, Nfav Vouk, N. Y. 


T he galactose tolerance test continues to be r'^eil as a standard diagnostic 
procedure in cases of jaundice since d* ii'Uoductio?i by Bauerd Few of 
the many tests for the study of liver function OmI ba'c since been introduced 
enjoy sueh tvide application. The diagnostic valoi and the simplicitj' of the 
procedure account for its widespread roulun. U'c 

It has been repeatedly alliriued that thus t'st is of limited value if 
applied as a quantitative test of liver function 1. slit man, 1931^; Shay and 
Schloss, 1931, 1932"). It is, however, valuable ni the dift'irontial diagnosis of 
jaundice. The procedure has been modified uilh the aim of increasing its 
diagnostic value. Thus galactose has also been e.stiiiiuted in the blood after 
either oral or intravenous administration ol galaetose (Jankelson, 

Recently, Shay and Pieman (1937)= have also recommended a niodifieation of 
the routine technique: differential fermentation of the urine for galactose 
and glucose. This addition seemed especially advantageous to them in the 
performance of the galactose tolerance test in patients with disturbed endo- 
crine slates, i.e., thyroid, adrenal, pituitary, and diabetes, where false posi- 
tives might occur due to associated disturbances in glucose tolerance. 

I have for some time contemplated the routine ferineiitatioii of 
dividual fractions after the oral administration of galactose.^ auer oiIqI 
nally attempted to identify the reducing substance in the urine as galactose 
after feeding this sugar. He applied the standard iiiiicie acid test for this 
sugar to this purpose. This method, however, permitted a maximum recovery 
of only 70 per cent of galactose added to urine. Thus, part of the remaining 
30 per cent of reducing substance in the urine after galactose feeding mig it 
possibly occur in the form of a sugar other than gahietose. ^ e iscai e 
fermentation of the urine by yeast for the purpose of identification because o 
equivocal results he obtained in yeast fermentation of galactose. 

The nature of the reducing substance which appears in the urine fol owing 
the oral administration of galactose under pathologic coiMitious nieiits f - 
ther study. Studies on the metabolism of galactose have indicmtcd 
^ion to glycogen both in animals and man (Roe, G. n.a.i, and Cowg R, 

Shay, Schloss” and Bell, 193P). A rise in blood glucose may follow the ad- 

, ;Fro„i m= nabcraloncs aaU the Medical Division. Service of Dr. Gcomo Baelir. U.c Mount 
‘■inat Hospital. New York. 
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ministration of galactose (Blanco, 1928;» Block and Weiss, 1930;‘» Harding 
and Grant, 1933“). Furthermore, in diabetes, blood glucose was found by 
Roe and Schwartzman (1932)“ to be increased after galactose ingestion. Eoe 
and Cowgill (1935)^^ noted a fall in blood galactose concomitantly with a 
gradual steady increase in blood glucose in rabbits following galactose ad- 
ministration. Thus, there is ground for the suspicion that under certain 
pathologic conditions the rate of the conversion of galactose to glucose and 
the tolerance for glucose may be impaired, so that some glucose may appear 
in the urine besides galactose. 


It would be inadvisable to introduce any modification of the original 
technique which would change it from a convenient routine laboratory pro- 
cedure into a complicated one. The differential fermentation of sugar, fortu- 
nately, is a simple procedure and requires no special apparatus or technique. 
The modification of the technique hei*e proposed guards against possible sources 
of error. The problem involves a knowledge of the behavior of the yeast cell in 
relation to mixtures of fermentable and nonfermentable sugars. Under ordi- 


nary conditions baker’s yeast does not ferment galactose.’*^ If galactose disap- 
pears from a solution after contact ivith a yeast suspension, phenomena other 


than fermentation, such as adsorption and diffusion, must be suspected. So- 
botka, Holzman, and Reiner (1936)“ have noted different rates of diffusion of 
two components of a sugar mixture. According to the speed of diffusion into 
the yeast cell, the sugars may be arranged in the following order: xylose > 
glucose > galactose > lactose. Sugars may leave solutions by diffusion into 
yeast cells ivithout actual fermentation, as this occurs even when alcoholic fer- 


mentation is suppressed (by toxic agents). 


While small amounts of a fermentable sugar, assumed to be glucose, nia) 
appear in the urine after galactose administration, according to the results o 
the present study, an error may arise if the diffusion of galactose into jeas 
cells in the fermentation of galactose-glucose mixtures is not first taken m o 
account. Another source of error lies in the calculation when the le uc lou 
factor for galactose* is applied to a fraction which is actually glucose. 


PROCEDURE 

The standard technique, as described by Bauer, was followed. The f 
tions were tested qualitatively for copper reduction and were then es ima 
quantitatively with Benedict’s or Rudisch’s solution.! 

The latter solution boils with a minimum of bumping. The standai 
rection factor of 0.77 was applied for galactose. Fresh bakei s 
employed. The yeast was washed if the supernatant containe a 
substance. It is necessary to limit the amount of yeast o ^ of 

volume of the solution to be fermented. Approximately equa 
yeast were used in all the fermentations which were earned on ^ 1 

between 40° and 45° C. for a period of sixty minutes. Contiols con ^ 

' ^nly after prolonged contact may baker’s s'east be adapted to tl j-„,ation of 

galactose^ alkaline coppei- solution recommended by ^discb for the pr 

cose to urine (International Contributions to Medicai Literature, r 
A. Jacobi, 1300). 
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per cent solution of glucose in distilled water and a solution of between 1 and 2 
per cent of galactose in normal urine, free of glucose. Sugar estimations were 
made on the supernatant liquid after centrifugation of the yeast suspension. 
The glucose control served to prove the activity of the yeast suspension. 


CAIXlTL,VTIONS 

Galactose has a lower reducing jiowor than gIuco.se 1.3 Gm. of C.P. galac- 
tose ([alD = + 80.5°) arc equivalent to 1 0 Gm. oi glucose in the reduction of 
equivalent amounts of Benedict's or Iiudi.sch’.s quantitative sugar reagents. 

The sugar content is determined before and after fermentation. The non- 
fermentable fraction is considered to consist of galactose A correction is made 
for the galactose which may have disappeared from the mixture as determined 
by the galactose control. Tlie fermented fraction represents the glucose con- 
centration. Since the sugar content before teritieiUation was calculated on 
the basis of the assumption that all the sugar m tfie lest urine was galactose, 
the figure obtained by .subtracting the sugar (i'Uc( tifr.ition after fermentation 
from that before fermentation must be divided Ic' 1 3 to convert this assumed 
galactose into a glucose value. For example ; 



BEFORE FERMENTATION 

AFTEH H.I.MFNTAlf'JV 

GRAMS GLUCOSE 

Control galactose 
solution 

1.5% 

1.4% 

(0 1%)- 


100 C.C. test urine 

1.9% 

l.C% 

(1 7%) 

(Corr^^ftctTj 

(0.20) t 

(Corrected) 


•Correction for galactose diffusion into yeast suspension 
tFermentaWo susar divided by 1.3 to give glucose value Yt = 
sram of glucose Is equivalent to 1 3 Gm. of galactose in the reduction of Benedict s and Rudlsch a 
solution.) 


Ri:SULTS 

In 80 tests made ou patients with stispcclcd liver disease with normal and 
disturbed galactose tolerance, fermentation over a period of twenty-four hours 
disclosed a disappearance of reducing substance ^aryi^g betueen^ .an 
per cent, in the majority of instances. 0.3 per cent. Under these circumstances 
the “fermentable” fraction was found to constitute as mneh as 30 to 40 per 
cent of the total reducing substance in tlic urine. However, in this series cor- 
rections were not made for diffusion of galactose into the yaest suspension over 
a period of twenty-four hours. In clinical laboratories this correction has not 
customarily been made wlien glucose-galaetose mixtures have been feimente , 
leading in diabetic urine to erroneous conclusions concerning the amount o 
lermented” glucose present. 

In 12 instances tlie disappearance of reducing sulistances fioni a ac ose 
solution added to normal urine was compared at the ‘ ‘ 

end of twenty-four hours of fermentation. At the end of one hour » 

change in 9 of the 12 tests. The amount that disappe.ued m i “ 

tests were 0.10, 0.10, 0.13 per cent, respectively. At the en o uc^ - ^ 

these same tests showed a decrease in reducing substance \aijing 


0.38 


per cent. 
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111 12 tests observations were made ou the disappearance of reducing sub- 
stance from control galactose solutions added to urine at the end of fermentation 
for one hour only. In this series there was only a single instance of disappear- 
ance of reducing substance, in wliieh case 0.12 per cent disappeared. 

The percentage decrease of reducing substance at the end of one hour in 
24 tests occurred as follows: In 21 instances there was no change; in the 3 
remaining instances decreases of 0.10, 0.10, and 0.12 per cent, respectively, 
were found. In 12 tests observed at the cud of twenty-four hours, 6 showed 
decreases of 0.10 to 0.20 per cent; 2. decreases of 0.20 to 0.30 per cent; and 4, 
decreases of 0.30 to 0.38 per cent. 

Ill Table I are listed the results in 10 eases of jaundice or disease associated 
with liver damage. In 4 cases the galaefo.se tolerance was normal, i.e., total 
excretion was less than 3.0 Gm. In 3 mstanco.s the reducing substance found 
ill the urine was found to occur entirely in the xorm of galactose. Two were 
ill normal tests, the third in a pathologic galaetosuria. In 2 tests less than 
0.1 Gm. of fermentable substance was pre.seiit. In the remainder, the amount 
of glucose present varied between 0.12 Oin to 0 d5 Gm. In a single instance 
(Case 5) 1.58 Gm. of glucose was present. In this case there urns an associated 
diabetes. The pathologic galactosurias in the senes varied between 3.65 Gm. 
and 6.32 Gm. Excluding the glycosuria assorialed witli diabetes, glycosurias 
of 0.28, 0.32, 0.34, and 0.64 Gm. were encountere<i in patients with galactosurias 
of 4,20, 5.03, 6.32, and 5.93 Gm., respectively. lycosuria was noted in indi- 
vidual fractions only, and in Case -t (Test A) in every fraction of urine con- 
taining galactose. 

CO.MMENT 

Experimental studies in galactose tolerance in man and animals have indi- 
cefed that a reducing substance other than galactose may occur in the urine 
following the oral and intravcnou.s administration of galactose.''^ Under 
pathologic conditions involving the liver this tendency might be expected to 
he even more marked. It is difficult to conclude whether the glycosurias asso- 
ciated with galactosuria are primarily the result of the conversion of galactose 
to glucose or whether the glucose voided in the urine is the result of a displacc- 
iiieiit of this sugar in the liver following galactose ingestion. 

While the amounts of glucose voided in the urine have not been large 
enough in this small series to alter aiipreciably the results of the galactose 
tolerance test, the modified procedure may prove to be of especial diagnostic 
significauce in borderline cases, with values of 3.0 to 4.0 Gm. of galactose. 

The galactose control solution i.s necessary in the accurate estimation by 
fermentation of sugars in galactose-glucose mixtures. Failure to account for 
amounts of galactose whicli diffuse into yeast cells leads to erroneous con- 
clusions favoring tlie amounts of glucose present in such mixtures. This cau- 
floii applies especially to the perforniaiice of the galactose tolerance test in 
subjects with diabetes mellitus. The modification introdneed here of limiting 
I'm period of fermentation to si.xty iniiuitcs at elevated temperature reduces 
die rate of diffusion of galactose into yeast cells practically to nil, and at the 
same time permits the complete fermentation of as high as 2.5 per cent of 
glucose. 
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SUMMARY 

A modification of the galactose tolerance test is introduced without interfer- 
ing with its simple routine clinical use in persons with suspected liver disease. 

The modification depends upon the selective fermentation of glucose in 
galactose-glucose mixtures ; under the conditions of the test, galactose being 
nonfermentable. The possible disappearance of galactose by diffusion into yeast 
cells is taken into account. The fei’mented fraction then represents glucose. 

Glucose may appear in the urine, associated with normal and pathologic 
alimentary galaetosuria. There is a tendency for increasing amounts of gh'- 
cosuria to occur with increasing alimentary galaetosuria. 

The modified technique improves the accuracy of estimation of mixtures 
of galactose and glucose present in urine in the routine application of the 
galactose tolerance test in persons with suspected liver damage and with 
diabetes mellitns. 
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A 5IETH0D FOR THE QUANTITATIVE ESTIMATION OF 
CHEitlCAL IRRITATION^ 


J. II. Welitherby, Pii.D., Richmond, Va. 


TN JIAN'V biological studies it is frequently desirable to measiire quantitatively 
A the irritating properties of cliemicals. Heretofore, one has had to depend 
largely on a personal sensation of pain and on intensities of hyperemia and 
inflammation produced by irritants, with only one 's memory of iirevious 
observations upon which to ba.se a comparison. Such is the method described 
by crunch.’' In the absence of a more accurate method, information obtained 
in such a manner may be of considoralilc value However, memory is at best 
an imreliable faculty; and from a scicntifie point of view, data in which 
memory of previous experiences play.s a sienificani part are of limited value 
because of the difficulty of independent rojictition and verification. A few 
investigators have made use of various physical means for measuring the in- 
tensity of inflammation, relying on hyperemia or edema to provide an index 
of the severity of the reaction. While the degree of redness of an inflamed 
urea can be measured with satisfactory accuracy, as described by Oettel,^* it is 
not established that redness is a constant and reliable index of the degree of 
inflammation. Jloreover, sucli measurement.s usually require elaborate and 
expensive apparatus. Further, it is only under specialized conditions that 
redness bears a quantitative relationship to the inflammatory process with 
which it is associated. The use of edema as a criterion is likewise subject to 
many objections, among whicli is the very great variation in results obtained 
when the same chemical is applied to the same tyiie of tissue. Thus, Haag^ 
found very great variations in the amounts of edema produced by irritants 
instilled into the conjunctival sacs of rabbits' eyes. Also, the same solution 
of an irritant frequently produced no visible edema in the eyes of one rabbit, 
init marked edema in those of another. 

Ebbecke,^ Hirschfelder,® and Menkin® observed that tryimn blue, when 
injected intravenously, becomes fixed at all sites of inflammation. Regardless 
the exact mechanism of this fixation, if the intensity of the blue color re- 
sulting from the accumulation of dye at the site of inflammation is propor- 
tional to the intensity of inflammation, a potential method is at hand by whicli 
the relative strengths of chemical irritants may be measured quantitatively. 
Taintei', Throndson, and LehmaiV applied this principle in a veiy limited niun- 
ber of observations, but apparently did not extend their observations to in- 
clude more than a single chemical, sodium bisulfite. 

•From the Department of Pharroacolosj', Medical College of Virginia. Richmond. 
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expenments a variaty »£ chemicals ,vas nsea, l,ofl. as solutions of 
a sn gle stlbstauce and m mixtures. Up to the present time well over Mte.,, 
hundred rahhits have been used &r these observations. The results from a 
tew representative chemicals are reported here. 

EXPERIMENTAL METHODS 

Adult ivhite rabbits of both sexes were used as test animals tlirougliout 
these experiments. Gray or brown rabbits were found unsatisfactory because 
the skin pigments partially obscured the dye. Solutions of irritants, the irritat- 
mg properties of which were to be studied, were injected subcutaneousiy 
into the dorsal surfaces of the ears, usually at three sites on each ear. Intra- 
cutaneous injections into the skin of the abdomen were tried, but were found 
less satisfactory for two reasons: first, the skin of the abdomen seemed- to be 
ess sensitiie to the action of irritants; and second, slight trauma to the skin 
caiLsed by removing the fur either by shaving or by using barium suMde as 
a epilatoiy , was frequently sufficient to cause the accumulation of so much 
e ye in the sidn as to interfere with the evaluation of the intensity of spots at 
t le sites of injection of the solutions being tested. The intravenous injection 
of the dye was made into one of the superficial veins of the abdomen in most 
instances, but occasionally into one of the marginal veins of the ear. It was 
considered advisable to avoid injections into ear imins as far as pos.sible, lest 
manipulation and trauma interfere in some way with the uniform distribution 
of dye in the two ears. The various irritant solutions were injected in Vso 
c.c. quantities. The amount of trypan blue used was 1 e.e. per kilogram of 
1 per cent solution in 0.85 per cent sodium chloride. This quantity of dye 
was much less than that used by Menken, hut proved to be adequate. More- 
over, larger quantities of dye frequently resulted in such intense coloration at 
the sites of inflammation that comparison with a standard color scale became 
difficult or even impossible. The standard color scale was prepared by placing 
drops of solutions of various concentrations of the dye on a white background, 
for which blotting paper was found satisfactory. In the scale used the cou- 
eentration of dye varied from a maximum of 0.05 per cent to a minimum of 
0.0029 per cent. There were eight different concentrations in the scale, and 
each was two-thirds as high as the one above it. Thus, No. 8 was 0.05 per cent, 
No. 7 was 0.033 per cent, No. 6 was 0.022 per cent, and so on. 

It was found that solutions of different concentrations of an irritant 
produced blue spots which, within a limited range, were proportional in w 
tensity to the concentrations of the solutions. However, the maximum range 
of color between a slight, though definite, blueness, and an intensity 
which no further increase could be noted, corresponded to only a relative.! 
limited range of concentration of the irritant. Also, it was found that an) 
given solution of an irritant produced spots which varied in intensity 
a range of two or three points on the standard scale. Therefore, in m 
have the method yield quantitative results it was necessary to assign 
degree of intensity on the color scale an arbitrary numerical value. 
found experimentally that if these arbitrary numerical values weic jnop 
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tioual to tlie concentration of dye in the standard scale, the degree of irrita- 
tion, as indicated by this numerical value, was approximately proportional 
to the concentration of the irritant solution. Thus, doubling the concentration 
of the irritant solution gave values which were approximately doubled. 
Frequently traces of dye were observed at the sites of injection which were 
less than the lowest intensity on the color scale. These were designated as 
“traces,” and assigned a value in keeping with the remainder of the scale. 
The arbitrary values selected are as follows: Trace, 0.66; No. 1, 1.0; No. 2, 
1.50; No. 3, 2.25; No. 4, 3.37; No. 5, 5.06, etc. Concentrations of irritant solu- 
tions were selected which gave values rarely as high as No. 4 (3.37). With such 
concentrations the values ordinarily varied between 0.66 and 2,25, with an 
average for several animals of 0.9 to 1.5. 

Observations extending over a period of about eighteen months indicate 
that certain climatic conditions, particularly temperature, greatly influence 
the intensity of the blue spot. This is to be exi)eeted when it is considered 
that circulation through vessels in the rabbit’s ear apparently changes greatly 
uath changes in temperature. This fluctuation between peripheral vaso- 
constriction and vasodilatation was observed to produce results varying by 
as much as 100 per cent. Presumably air-conditioned animal rooms and 
laboratories would greatly reduce such fluctuations, but in the absence of such 
uniform, conditions of temperature and humidity it is necessary to compensate 
in another manner. The procedure found to give satisfactory results is to in- 
ject a standard irritant solution into one ear of the animal and the unknown 
solution into the other. Then, by dividing the average value for the unknown 
solution by that for the standard solution a quotient is obtained which repre- 
sents the ratio, Unkiiown/Standard. The standard irritant solution routinely 
used contains 0.1 N acetic acid, 0.1 N sodium acetate, and 0.1 per cent benzoic 
acid. This mixture has a pll of 4.68 ; it is stable and easily reproducible. Im- 
mediately before use it is diluted to four volumes, so as to contain 0.025 N acid 
and salt, and 0.025 per cent benzoic acid. Triply distilled water was used in 
the preparation of all solutions. 

It was found that various noiiirritaiit substances, such as 0.85 per cent 
sodium chloride solution and liquid petrolatum, caused the accumulation of traces 
of dye at the sites of injection if tlie dye was administered immediately after 
the injections were made. However, if a period of about foi'ty minutes was 
allowed to elapse between the injection of irritant and the injection of dye, 
there was no significant accumulation of dye following the injection of 0.85 
per cent sodium chloride solution. It was, therefore, uniformly the practice 
to wait forty minutes after injections of irritants before giving the dye. 
Liquid petrolatum caused the accumulation of dye even if the usual period of 
forty minutes was extended to two or three hours; for this reason, it was not 
used as a solvent in any of the experiments reported here. Occasionally, 
though rarely, sufficient trauma was ijroduced by the injection to give a faintly 
positive reaction, even though a nonirritant solution was used. This was 
minimized by the use of hyiiodennic needles of not larger than 27 gauge. 
Occasionally small blood vessels were damaged by the injection, so as to result 
iu a small hemorrhagic spot wliich contained little or no dye. Such spots 
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were omitted in the final observations. Injections of distilled water uni- 
formly produced a definite accumulation of dye, so all solutions were made 
isotonic. Following the injection of irritant solutions, the accumulation of 
dye was usually evident within ten or fifteen minutes, and reached maximum 
intensity within forty-five minutes, at which time final comparison with the 
standard color scale was made. The persistence of the blue spots was more 
or less proportional to the degree of inflammation. Spots from barely irritat- 
ing concentrations were usually gone within twenty-four hours, but if the con- 
centration of the irritant solution was sufficient to produce spots correspond- 
ing to 7 or 8 on the standard scale, they usually persisted for several days, 
or even weeks. No attempt was made to measure persistence of spots with 
greater accuracy because of the interference from dye which always accumu- 
lated in subcutaneous tissues after eighteen to twenty-four hours. 

Foi‘ approximate results 3 or 4 animals were usually sufficient, and tlie 
standard irritant solution was omitted. For more accurate results 16 animals' 
were found to suffice when the standard irritant solution was used in one 
ear of each animal. Analyses by statistical methods of results so obtained 
indicate that differences of the order of 15 to 20 per cent can be detected 
with a degree of certaintj'- of 99 per cent, which compares favorably with many 
other accepted methods of bio-assay. 

Due to the persistence of the dye in tissues of animals they cannot be used 
a second time within less than about six weeks after the first experience. 


Table I 


1 

SUBSTANCE 

2 

MOLAR 

CONC. 

3 

UNKNOWN 

IRRITATION 

VALUE 

4 

STANDARD 

IRRITATION 

VALUE 

5 

UNKNOWN 

STANDARD 

6 

COR- 

RECTED 

MOLAR 

CONC. 

7 

CORRECTED 

UNKNOWS 

STAND.Ut» 

HCl 

CH,COOH 

NH,OH 

HCHO 

NaHSO, 

0.001 

0.003 

0.02 

0.01 

0.015 

1.07 ± 0.056 
0.91 ± 0.050 
0.91 ± 0.042 
0.79 ± 0.036 
0.95 ± 0.041 

1.39 ± 0.060 
1.49 ± 0.060 
1.30 ± 0.042 
1.10 + 0.043 
1.38 ± 0.043 

0.77 ± 0.050 
0.61 ± 0.040 
0.70 ± 0.039 
0.72 ± 0.045 
0.69 ± 0.054 

0.0013 

0.0049 

0.0286 

0.0556 

0.022 

0.82 i O.Ou' 
0.S1 ± 0.029 
O.Sl ± 0.047 
0.S9 ± 0.044 
0.S8 ± 0.040 


RESULTS 

Substances studied according to the method described herein include ae|d^^ 
bases, salts, glycols, and formaldehyde. Results are showm in Table I ^ 
table are included molar concentrations of ii’ritant solutions used (3 ) , 
indtation values of solutions, as obtained from observations on 16 amnia 
each (3) ; average irritation values of the standard irritant solution 
simultaneously (4); the ratio unknown/standard (5) ; of 

centrations of irritant solutions which should give a ratio nnluiown/s an 
1 (6) ; and the ratio unknmvn/standard actually obtained from these 
molar concentrations (7) , Figures in column 6 were obtained ^>3' 
concentration actually used (2) by unknown/staiidard (5). _ pe 

reeted molar concentrations (6) represent In 

equally irritating among themselves and also with ^ti-ations. 

column 7 are shomi figimes obtained from the corrected mo a 
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These figures miiformly approacli those for the standard more closely. "Witli 
formaldehyde the error is well within the limits of the method — 15 to 20 per 
cent — but with acids and ammonia the agreement is not as close as might be 
desired. A third experiment, the results of which are not shown in the table, 
was performed with ammonia. A second corrected molar concentration was 
calculated just as was done for the Si's!, except that the calculation was based on 
corrected unlmown/standard of 0.81 instead of on unknown/standard of 0.70. 
The solution prepared on the basis of this calculation gave a ratio for un- 
known/standard of 1.00, which is in perfect agreement with the theoretical 
value. 

Two possible explanations may be offered for the lack of better agree- 
ment between actual and predicted values for the acids and ammonia: (1) 
intensity of the blue color is not exactly proportional to concentration of the 
irritant solution; and (2) in spite of the fact that triply distilled water was 
used throughout these experiments in preparing solutions, sufficient buffering 
material may have been present to alter tlic hydroticn-ioii coiieeiitratioii to a 
significant extent. Frequent pH measureinents with a glass electrode indicated 
that it is difficult to prepare such dilute solutions of electrolytes and not have 
the pH altered slightly by traces of buffering substances which are so nearly 
impossible to remove. The second explanation appears even more probable in 
view of the fact that when the standard solution at a concentration of 0.015 
N acid and salt was compared with the same standard at the usual concentra- 
tion of 0.025 N, the ratio was 0.66. 'Wlien a concentration of 0.020 N was com- 
pared in the same manner, the ratio was 0.81. Tliese two ratios are to be 
compared with theoretical ratios of 0.60 and 0.80, assuming a direct proportion 
between concentration and intensity of blueness. It is obvious that a buffered 
solution, such as the standard, would be much more stable in the presence 
of traces of buffering material than dilute solutions of acids and ammonia, 
such as those used. 

Sodium hydroxide appeared to be two or three times as irritating as am- 
monium hydroxide, although reliable figures were difficult to obtain. At con- 
centrations less than 0.01 N there appeared to be little accumulation of dye ; 
at higher concentrations the usual effect was production of a blue ring about 
oue-half inch in diameter, having a clear area in the middle. It appeared as 
though there was tissue destruction at the site of injection. Due to this 
atypical appearance strong bases Avcrc not investigated further. 

Acetates and formates of nicotine and ammonia showed practically no 
irritating properties in concentrations less than isotonic, and are, therefore, 
not included in the table. Sodium bisulfite forms a relatively strongly acidic 
solution, and acts similarly to other buffered solutions, such as the standard. 
The results obtained with sodium bisulfite confirm those reported by Taiiiter, 
Throndson, and Lehman. The glycols (propylene glycol, dietbylene glycol, 
and glycerin) produced no significant degree of inflammation at concentrations 
less than 2 or 3 moles per liter. Since isotonic concentrations of nonelec- 
trolytes are usually considered to be about 0.29 molar, one is justified m con- 
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eluding that irritation from such concentrations of giyeols as the above ivas the 
result of hypertonieity rather than of inherent chemical properties of these 
substances. 

Nimierous tests on the relative irritating properties of solutions of 
cigarette smoke prepared from cigarettes containing glycerin as the hygro- 
scopic agent and those containing diethylene glycol failed to show a significant 
diiference between the two types. Smoke solutions were prepared according to 
the gravity collection method described by Bradford, Harlan, and Hanmer.® 
All experiments were conducted in such a manner that the operator was not 
aware of the identity of the solutions being tested. 
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ESTBIATION OF THIOCYANATES IN THE BLOOD WITH THE USE OF 

PERMANENT STAND ARDS'* 


Abe Ravin, ]\LD., Denver, Colo. 


R ecent reports indicate that thiocyanate therapy may be a useful lerae } 
for certain types of hypertension, provided the treatment is propeilj con 
trolled by means of blood thiocyanate determinations.^'^ For clinical uses ^ 
method for blood thiocyanate determination to he described presents 
more of the following advantages over previousl}" described methods . ( 
expensive equipment is necessary. (2) Repeated preparation of stan ai s 
tions is eliminated. (3) A determination can be made in a few mmii es. 

A determination can be made on 1 c.c. or even 0.25 c.c. of serum. 

materials 

1. Twenty per cent trichloracetic acid solution. 

2. Ferric nitrate reagent : Dissolve 5 Gm. of crystallized feiiie m 
50 c.c. of distilled water. Add 2.5 c.c. of concentrated nitiic aci 
up to 100 c.c. with distilled water. 

~ »From the Department of Medicine. University of Colorado School of Medic 
pitals.^ehv^^ fot publication, November 10, 1939. 
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3. Standards : Dissolve 0.0567 Gm, of potassium dichromate and 3.83 Gm. 
of cobalt chloride (C0CI2.6H2O) in 100 c.c. of distilled water. At times it may 
be more satisfactory to use larger quantities, that is, 0.567 Gm. of potassium 
diehromate and 38.3 Gm. of cobalt chloride in 1,000 c.c. of distilled water. The 
standard solution thus produced corresponds to 10 mg. of thiocyanate per 100 e.c. 
of serum. Other standards are made by proportional dilution of this standard 
solution; that is, the 5 mg. standard is obtained by mixing 5 c.c. of the 10 mg. 
standard and 5 c.c. of distilled water; the 4 mg. standard, by mixing 4 e.c. of the 
10 mg. standard and 6 c.c. of distilled water, etc. Each standard is sealed in 
a comparator tube inch in diameter If a compaiator block with two rows is 
used, the standards absolutely essential are the 1, 2, 3, 4, 5, and 10 mg. standards. 
Since, however, the important therapeutic range is from 5 to 10 mg. per cent, it 
is possibly of some advantage to have all standards from 1 to 10. A blank of 
distilled water is essential. 

4. Three or 4 comparator tubes calibrated for 1 and 2 c.c. Needless to say, 
the comparator tubes must be matched. 

5. A comparator block with two rows. If only one row of the comparator 
block is used, the row next to the frosted glass is used. If both rows are used, 
the unknown solution must be balanced wifli the tuf)e of distilled water. 

6. A dropper which delivers 0.2 cc. (for use with the ferric nitrate 

reagent). 

7. A dropper which delivers 0.5 c c. (for use with the trichloracetic acid 
solution). 

8. One or 2 droppers calibrated to deliver 0.25, 0.5, 0.75, and 1 c.c. (for 
uieasuring serum). 

9. One or 2 small funnels. 

10. Filter paper to fit the funnels. 


PROCEDURE 

In one of the comparator tubes put water to the 2 c.c. mark. Add 0.5 c.c. 
of trichloracetic acid solution and 1 c.c. of serum and mix well. Filter into 
tinother comparator tube until 1 c.c. of clear filtrate is obtained. To this filtrate 
add 0.2 c.c. of ferric nitrate reagent. The color that forms is matched in the 
comparator with the standards. The reading is in milligrams per 100 c.c. of 
serum. 

If 1 c.c. of serum is not obtainable, or if the reading with 1 c.c. of serum 
is over 19 mg. per cent, 0.5 or 0.25 c.c. of serum may he used and 0.5 or 0.75 c.c. 
of water, respectively, is added. The result must then, of course, he multiplied 
2 or 4 as the case may be. 
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METABOLISM OF ALLANTOIN^' 


Appearance in the Urine on Feeding and Belated Experiments 


Charles F. Schaffer, M.S., and Frederick E. Greenbaum, D.Sc. 

Philadelphia, Pa. 


A LLANTOIN is the chief end product of purine metabolism with most mara- 
^ mals. It is due to the uricolytie enzyme, uricase, which is found in the 
liver of these animals and converts uric acid into allantoin. According' to 
Oikawa,^ uricase, which he prepared from rabbit liver, acts best at 48° C. and 
is destroyed at 70° C. It is most active in an atmosphere of oxygen at a pH 
of 7.1 to 7.2, less active in an atmosphere of nitrogen, and practically inactive 
in carbon dioxide, carbon monoxide, and hydrogen atmospheres, respectively. 
Its activity is not effected by autolysis. 
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FRELIMIXARY EXPERIMEXTS 

Prior to file actual feeding cxperiineiils tlie eifect of tlie various gastrn- 
.. es lual enzymes at their in vivo acidity or alkalinity, as the ease may be, on 
standard solutions of allantoin ivas determined. Artilicial gastric Juice n-as 
prepare y igesting 10 Gm. of mineed pig.s’ stomach mucosa with 50 c.c of 
.I per cent hydroehlorie acid solution for twenty-four hours at 37° C. filtered 
ami dialyzed to remove peptones and peptides. Intestinal enzymes were o.x- 
lacted from mineed pigs’ panerca.s, using 1 per cent sodium hiearbonate in 
the proportion of 1 Gm. of organ to 3 e.e. of bicarbonate. 

Staiidaid allantoin solutions of varied eoneentrations were incubated in 
lese enzyniie extracts for a period of four houis at 37“ C., and subsequently 
. . zed for allantoin. The results ajipear in Protocol I and obviously iiidi- 
eate no breaking of the allantoin. 


fVZYMIC EXTILV CT 
Gastric 


PnOTOfOT. 1 

EkkECT OS' Ga.stkoixtkstinxi 
ALLANTOIN^^PKD mTT i” 

To 


MEt5 (' C All roi', 


<’C. Alal.AN'Tt)IN' KfC'tiVEKED MO 


n:B V i- 


Intestinal 


1.5 

2.0 


1.0 

1.5 

2.0 


J 5 
JO 
2 5 

1.0 

1.5 
20 

2.5 


in.s definite anioimts of allantoin, Tliis done b}’ 

syrbfr”^^ ^ through the pharynx into the stoinacli, attaching a 10 e.c. 

I® exposed end, placing the allantoin in the barrel of the syringe, 
through the tube with small amounts of water, with the assist- 
pressure on the plungei-. Tiic animals were placed in mefabolie 
lect^^l twenty-four-hour specimens of urine and feces wore col- 

filtered specimens of feces were triturated, extracted witli water, and 

all t ■' filtrates were analyzed in conjunction with the uriiie.s for 

<^0111(1*1)^ content, utilizing the method de.scribed by Larson.^ No allantoin 
"av\ ^ ^‘^teeted in the feces extracts in contrast to the urine analysis which 
recoveries of allantoin. The analytical data of these determi- 

are tabulated in Pi-otocol II. 


PllOTOCOfi II 


Recovery op Allantoin After Ingestion of Tared Aiiouxts 


No. 

ALI^WTOIN INGESTED 

ALLANTOIN RECOVERED, 

IN FECES 

.tVLLANTOI.N RECOVERED 
IN URINE 

PER CENT 

RECOVERY 

457 

•loS 

0.u6 Gm. 

1 0.54 Gm. 

0.57 Gm. 

0.55 Gm. 

None 
^ None 

None 

None 

1.40 Gm. 

1 1.76 Gm. 

1.75 Gm. 

1.S4 Gm. 

250 

1 32(J 

307 

334 


the 


I* Was soon discovered, however, that allantoin ingestion greatly increased 
‘^•'^eretion of creatine,” which in turn reduces the alkaline copper solution 
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Utilized in this method fov determining aliantoin. Since creatine is not re- 
moved in the preliminary preparation of the specimen, it was the cause for 
the abnormally high results. 

Protocol III shows this effect in tabulated form. In a large number of 
rabbit urines analyzed for both creatine and aliantoin, aliantoin is manifested 
chiefly in those urines containing creatine, and the concentration varies directly 
with the quantity of creatine present. 

Protocol III 


Effect op Creatine on Allantoin Determination (Larson) 


URINE 

CREA.TINE 


A1 

3.2 

5.0 

A2 

1.3 

3.0 

A4 

0 

0 

A7 

0 

3.6 

AS 

0.3 

7.4 

B3 

0 

0 

B5 

4.7 

0.7 

B6 

5.45 

7.35 

B7 

0.5 

0 

BS 

2.0 

3.0 


It ivas, thei'efore, necessary to develop a more specific method for the 
aliantoin determination. The method finally adapted entirely eliminates the 
creatine present. It prepares the specimen according to the usual procedure, 
then ntilizes the quantitative precipitating action of mercury salts on aliantoin, 
producing mercuric allautoiuate. 


METHOD 

The specimen is treated ivith an excess of 25 per cent phosphotungstie 
acid, followed by an excess of basic lead acetate and 5 per cent sulfuric acid 
solution. This removes most of the interfering substances. The entire proce- 
dure is carried out in the same pyrex tube. After the addition of each reagent 
the tube is rotated to insure thorough mixing and then centrifuged until clean 
Two cubic centimeters of the supernatant liquid are transferred to anothei 
pyi’ex tube, neutralized to litmus, and the allantoin isolated by preeipitatmo 
it with mercuric acetate-sodium acetate reagent. After standing one hoiu t e 
mixture is centrifuged and the supernatant fluid is discarded. The 
tated mercuric allantoinate is then washed several times with water, ru e 
thoroughly each time with the aid of a rubber policeman to insure peMtia ion 
of the water, and centrifuged. All the wash water is discarded. ^ lo pie 
eipitate is finally dissolved in acetic acid and the nitrogen content is e er 
mined by micro-Kjeldahl analysis. 

Reagents required : Phosplio-Sd-tmigstic acid.® This substance was p 
pared in our laboratories because the eommercial grades are too inipnie 
satisfactory results. 

Basie lead acetate.' 

Sulfuric acid solution, 5 per cent (by weight). 

Sodium hydroxide, 5 per cent solution. ,„prcurie 

Mercuric acetate-sodium acetate reagent: Dissolve 1 m- 
acetate and 10 Dm. of sodium acetate in water and make up to 100 c.c. 
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Glacial acetic acid, 20 per cent solution. 

Litmus solution indicator. 

Concentrated sulfuric acid. 

Copper sulfate, 5 per cent solution. 

Nessler’s solution.® 

PROCEDURE 

Three and tive-tentlis grains of pho-spholmiiistie acid are dissolved in water 
and diluted to 10 c.e. Two cubic centimeters of tliis solution are transferred 
to a pyrex tube and 2 e.o. of the specimen to iie analyzed are added. Mix 
thoroughly and centrifuge. To the same tube add 2 c e. of the basic lead 
acetate reagent, mix and centrifuge again. Finally, add 2 c.e, of the 5 per 
cent sulfuric acid solution and centrifuge until elear. Transfer 2 e.c. of the 
clear supernatant liquid to another pyrex lube and neutralize to litmus, using 
5 per cent sodium hydroxide. After neutrali/ation add 1 c.e. of the mercuric 
acetate-sodium acetate reagent, mix lhoroughl 3 -, .nnl .w>t aside for one hour. 
Centrifuge and decant the .supernatant iltuM Wash the precipitate several 
tiuies with water, rubbing the precipitate eacii li.'u* -.utli a rubber policeman 
attached to the end of a stirring rod, cenlnfucnic and decanting. After the 
final decantation add 1 c.c. of 20 per cent cl.-uial acetic acid to the precipitate 
and rub up until solution is affected. Tlien ncn'ralin' to htnuis with a 5 per 
cent sodium hydroxide solution and make iIk micro-K.jeldahP nitrogen de- 
termination as follows: Transfer tlie pre{nir'‘d .vnnple to a Fnlin digestion 
tube which is coiiveiiiently graduated at the and 5t) c c. marks. To this add 
0-5 c.e. of concentrated .sulfuric acid, 2 drop.s of a 5 per cent solution of copper 
sulfate, and several glass beads to prevent bumping Then boil the mixture 
vigorously until the moisture is driven olf ami .sulfur dioxide fumes fill the 
tube. Continue boiling the contents .slowly until the funses are driven off. The 
uiixture should now appear pale blue green or yellowish in color. Allow the 
tube and contents to cool, dilute to the 35 e.c. mark with water, and add 
^^Wer's solution to the 50 c.e. mark. JUix thoroughly and compare with an 
^llantoin standard, standardized to contain 0.1 mg. of nitrogen per c.c., which 
us been digested in the same manner as the unknown. The unknown and 
standard should he nesslerized as nearly simultaneously as possible. 

C.U.CULATIONS 

X = (^^adiiig of standard) (Concentration of standard) (Dilution factor) 
(Heading of unknown) ( % nitrogen per mole of allantoin) 

value for X will indicate the milligi’ams of allantoin per cubic centimeter 
Ulllalo^vn. 

REMARKS 

The foregoing procedure was designed for* use witli urines, but has been 
u^ed successfully with extracts of other material. The quantities of reagents 
|uted are sufficient for the average normal urine specimens. However, should 

material in question contain unusually high concentrations of proteins and 
. uietabolie products, either the analysis should he diluted before perforrn- 

or the proper balance of reagents should be determined. The former is 
viougly the better procedure. 
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The phosphotuiigstie acid precipitates the proteins while the addition of 
bas.e lead acetate removes the excess phosphotuiigstie acid and some other 
interfering substance. The subsequent addition of sulfuric acid precipitates 
the excess lead. The formation of a precipitate on neutralizing with sodium 
hydroxide indicates that the lead had not entirely been removed. On addition 
of acetic acid the precipitate may not entirely dissolve. This insoluble material 
is not mercuric allantoinate, but, at least a portion, is uric acid; therefore, 
remove by centrifuging and utilize the clear supernatant liquid only. A stand- 
ard solution of allantoin is used as the comparison standard due to the differ- 
ence in hue of the color developed on nesslerization. 


EXPERIMENTAL 

Rabbits were placed in metabolic cages and several twenty-four-hour 
specimens of urine were collected and analyzed to determine the daily normal 
excretion of allantoin. These animals were then fed weighed amounts of 
allantoin in the same manner as previously described, and several additional 
twenty-four-hour specimens of urine were collected and analyzed for allantoin. 
The tabulated results of these analyses appear in Protocol IV. 

Protocol IV 

Recovery op Allantoin Fed to Rabbits 


RABBIT NO. 

ALLANTOIN FED 

ALLANTOIN RECOVERED 

per cent recovery 


mg. 

mg. 


775 

530 

628 

117.10 

776 

500 

486 

97.20 

777 

550 

333 

60.54 

778 

550 

1039 

1SS.90 

779 

530 

983 

185.47 

780 

562 

1048 

186.4S 

781 

538 

477 

88.66 

782 

530 

979 

184.70 

783 

590 

884 

149.83 

781 

510 

1331 

260.98 

785 

500 

1133 

226.60 


'With few exceptions the results indicate recoveries ranging from 100 per 
cent to 200 per cent, with one instance of 260 per cent recovery. The excess 
over that normally present and that ingested seems to indicate that possibly 
some organ retains the substance which, during periods of prolonged fasting, 
can be utilized in the resynthesis of cellular products, and the forced feeding 
of amounts in the concentrations given stimulates that organ to the point oi 
causing this allantoin to be excreted. To obtain more information on t iis 
theory, analyses were made on aqueous extracts of macerated kidneys an 
livers of both normal and allantoin fed rabbits. The results for the I'ci 
analysis are recorded in Protocol V. 

These results appear to indicate the validity of the afore-mentioned 
and point to the liver as the organ retaining a concentration, for in noiwa nei 
a concentration of 0.44 mg. to 0.60 mg. of allantoin per gram of 
in comparison to 0.09 mg. to 0.35 mg. of allantoin per gram ^ ’ ' 

tint were fed 0.5 Gm. of the substance eight hours previously. „ „ . ; 
hand, normal kidneys show the presence of allantoin to the e.xten o . 
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Protocol V 


Ecfect of Ali,antoin I.noestion o^^ Aliastoin Content of Lirar. 



per gram of organ, whereas the animals fed allantoni show a content of 1.17 
mg. per gram of organ. 

Sfect of Fasting on AUantoiu Content of LitYr.— Tlirce groups of two rah- 
tats each were placed on a starvation diet to dvtcrmiiie Die effect of inanition on 
e a lantoin content of tlie liver. One group was sacrificed at the end of three 
another in five days, and the third so\'en days after inanition. 

The results represent the average values for tlie analysis made on the pooled 
Jna enal of each group. The livers and kidneys were macerated and extracted 
twice their weight of water at 40* C. After forty-eiglit hours' extraction 
e material was filtered and the filtrate tvas analyzed for allantoin, utilizing the 
procedure already outlined. 

urines excreted during this period show'ed a gradual but 
e nite increase of allantoin excretion, paralleling tlie analytical results for 
^ autoin in kidneys which increased with each successive inanition period. 

Results of the liver and kidney analysis appear in Protocol VI. 


Protocol VI 

Effect of Fasting on Allantoin Content of Liver and Kidney 



he drop in the allantoin content of liver between the first and second 
maiiition periods would tend to support the tlieory that allantoin can be resyn- 
esized into cellular products during time of fasting. On the other hand, the 
. ^ obtained after seven days of inanition appear to indicate a tremendous 
mcrease of uricolytic enzyme stimulation. According to Oikawa,^° who reported 
0 effect of inanition upon the uricolytic activity of the liver extract, during 
^f'ation experiments for twenty-four hours with the rabbit, no effect on urico- 
y le activity was noted in the first week, but some increase was obvious in a 
ouger period of time. 

of Allantoin Ingestion on Body Weight. — Tlie tremendous increase 
creatine excretion prompted experiments to determine whether this creatine 
■■^presented cellular loss and probably led to eventual depletion of cellular 
'featine. This was done by feeding various amounts of allantoin to rabbits 
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daily and observing changes occurring in body weight. Graphs 1 and 2 show 
the effect of ingested allantoin on body weight of rabbits. Each curve represents 
the average weight of two rabbits. In Graph 1 the test animals were fed 100 
mg. per kilogram body weight per day. As shoivn by this curve the maximum 
and minimum weight fluctuation over a period of sixteen days approximates a 
straight line, indicating a remarkably constant body weight. However, there is 
definite inhibition of weight increase in these animals. 



MBLi BaiaMBBgifflasiisMBaal 

MafaaKvBa sfflaffigaaa^^l 
teagaBsaHg ffiBaBBaMB^ 
laagaaKa sKKsasggBgggaggl 

i--waaBBBHaBBB Saa8Ba^^ 

iBBBBBBBBBB BBBBBBBMMWBBBWHHKggl 


Graph 1.- 


Control animals. , . dav. 

Animals fed 100 mg. per kg. bodj weight per a > 


Graph 2 shows the effect of feeding 250 mg. per kilogiam o } o 
dajL Here, too, the curves represent the average weight o tno la 
curve representing the test animals shows a decided decrease m animals, 

out the test period in contrast to the curve representing t e replaced 

However, recovery of lost body weight during the test peno m r ' Pjp 
on removal of the allantoin from the diet, as is shoum )} ^ 

curve lying between the ninth and thirteenth day perio . wei-'ht had no 

The feeding of amounts less than 100 mg. per kilogiam 

effect on normal body weight increase. .,„npnred the publication 

After completion of the work reported here, thei PP ^ roethv- 

of Beard and Pizzolato^^ on the effect of metabolism in the 

lated pnrines, and various drugs upon creatme-c 
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3raph 2.- 


- Control animals. ^ 

- Animals fed 500 mg. per ke- allantoln per daj. 



Graph 3, -Maximum cpncentrat.on ol allautolu m circulation on intravenous Injections. 
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muscles of the rat. They reported that adenine, xanthine, hypoxanthine, uric 
acid, and allantoin gave increases in muscle creatine as well as large increases 
in creatine excretion, showing* that the urinary creatine did not originate from 
that in the muscles. They concluded that these substances stimulated creatine 
formation and excretion of the body in a direct proportion to the number of 
methyl groups, up to 3, present in the supplement injeeted. 

Maximum Concentration of Allantoin in Circulation on Intravenous Injec- 
tions. — Rabbits were given intravenous injections of allantoin to determine the 
interval in which the maximum concentration of allantoin appears in the circu- 
lation, the amount recovered at that time, and the time required for the injeeted 
allantoin to disappear entirely from the blood stream. Forty milligrams of al- 
lantoin were injeeted into each animal and bleedings were made (heart puncture) 
at fifteen-minute intervals. As shown in Grapli 3, forty-five minutes after the 
injection the maximum concentration of allantoin was manifest. At this point 
38.54 mg., or 96.36 per cent, of allantoin were recovered. At the end of two 
hours and forty-five minutes the blood concentration had dropped to nornial. 


SUMMARY 

1. The method described by LarsoiF for the determination of allantoin 
in urine cannot be used on urines containing creatine. Due to the fact that 
allantoin injection causes the excretion of large amounts of creatine, it was 
necessary to develop a procedure which eliminated the creatine entirely. Tins 
was done by precipitating the allantoin as the mercuric allantoinate. 

2. Allantoin ingested by rabbits is completely absorbed and subsequentlj 
excreted by the kidneys. No allantoin could be detected in the intestma 
excreta. 

3. Allantoin recovery experiments after ingestion of tared amounts )} 
rabbits, indicate quite an excess over that ingested and normally piesent. RS 
excess was traced, partially at least, to the liver. This organ loses its 
concentration of allantoin -when that substance is fed. Expeiiments on 
explanation of this phenomenon are in progress. 

4. Effect on body weight of animals fed allantoin daily 

probable origin of the increased creatine output, shoived a c eei .g fed. 
weight Avhen amounts above 250 mg. per kilogram of body w'eig i 
This would seem to indicate that the excess creatine wms deii'C rom 
creatine. 

5. Allantoin injected intravenously reaches its maximum recov- 

forty-five minutes after injection. At this point 96.36 per cen 

ered. At the end of two hours and forty-five minutes the oo 
of allantoin has dropped to normal. 


REFERENCES 

Oikawa, B.: Uricase. I. Sei-I-Kai M. J. 52: 1, 1933. (Bngli.sh Attract 1.) ' 

72S0, 1934. ^ Isolated Ti.ssues of »»• 

’ Borsook, H., and Jeffreys, C.: Nitrogen Metabolisn 

Eat, J. Biol. Chem. 110; 495, lp35. ^ chem. 215: 

5. Schuler, \V., and Eeindel, W.: tjricolysis Ztsc . f-^P ^yjantoin, J. Biol- C 
I Larson, H.; -A Colorimetric Method for the Determi . 

94: 727, 1932. 



SCOTT: PREPARATION AND CARE OF PANCREATIC FISTULAS IN DOGS 1215 


5. Schaffer, C.: A New and Direct Jtethoil for the Determination of Creatine. 1. Prelimi- 

nary Report, J. Am. Chem. Soc. 60: 2001, 19.18 

6. Wu, H.: A Contribution to tho Chemistry of PUosphomolybdio and PliosphotunKstio 

Acids and Allied Substances, J. Biol. Cliem. 43: 197 1920. ^ ° 

7. Hawk and Bergeim: Pliysiologicnl Cliemistry, eil. 11, pliiladeipliia, 1937, P. Blakiston’s 

bon & Co. ' 

I' ?*» System of Blood Analysis, J. Biol. Chem. 38: 81, 1919. 

irt ' 0., and Wu, IL: A System of Blood Analysis, J. Biol. Chem. 38: 81, 1919. 

10. Oikana, R.: Uric.ase. IV. Effect of Inanition Upon the Uricolvtic Activity of the 

1 C. A. 28: 7280, 1934. 

11. Beard, H. 0., .and Pizzolato, P.: The Effect of Parenteral Injection of Purines, IMetlij’- 

Jated Purines, and Various DruRs Upon Crcatin Creatinino Metabolism, J. Pharma- 
col. & Expor. Therap. 63: .306, 1938. 


TECHNIQUES FOR TPIE PREPARATION AJSiD CARE OF 
PANCREATIC FISTULAS IN DOGS* 


V. Brown Scott, Ph.D., M.D., Bloomington, Ind. 


INURING the past two years we have prepared and cared for over 250 pan- 
creatic fistula dogs. This experience has enabled us to establish fistulas 
suitable for extended observations. It is believed that an account of the tech- 
niques for the preparation and care of thc.se fistulas, which have proved most 
satisfactory in this laboratory, would be of assistance to those attempting such 
preparations for the first time. 

AVe have prepared fistulas according to the methods of Babkin,^ Dragstedt,^ 
Elman and JlcCaughan,^ and lulow.^ No attempt will be made to review these 
methods; the reader is referred to Babkin,'* and Boldyreff.® The most satis- 
factory fistulas have proved to he those of Dragstedt and Inlow. The opera- 
tions and the postoperative animal care, as modified by us, will be described 
m detail sufficient to facilitate such preparation. All operations are performed 
With rigorous asepsis and full surgical anesthesia. 

THE DRAGSTEDT FISTULA 

In the Dragstedt fistula the pancreatic juice is conducted into a small 
duodenal pouch through the undisturbed major pancreatic duct ; a cannula in 
this pouch conducts the secretion to a football bladder suspended beneath the 
'tog’s abdomen. (In Dragstedt’s published method the duodenal pouch re- 
oeived all the pauereatio ducts. Fistulas of thg major pancreatic duct only 
nave been used in his laboratory for years.') Tiie cannula (Fig. 1) is made of 
18-8” stainless steel and satisfactorily replaces the gold plated one of 

htnagstedt. 

Operation. — An 18 to 20 kg. female dog is anesthetized with ether follow- 
‘ng preoperative morphine and atropine. The abdomen is opened by a 10 cm. 
weision, starting just below the xiphoid and ending 3 cm. to the right of the 
ttidline. The duodenum is grasped with moist sponges and delivered into the 
The antimesenteric duodenal border is pulled to the riglit (operator 

•From the Department of Physiology, Indiana University School of Medicine. 

Received for publication, November 15, 1939. 
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oil light side of animal), bringing the left f 4 . 1 , 

major paucreatic duct joma the dhodenum 3 to 4 ca, roshS ' ?! 

enters the bowel LstiaUo ,h. I Me duet, whirl. 

this kbOTatort” •™‘‘ “““f 'vMeh has proved most satisfactory in 
tnis laboratoiy, has been developed by Martzloif and Burget® ( 1931 ) Tnatr 

3mr?hii:jimr,r” *» 

<5 mm. , this facilitates the inversion of a small diaphragm. 



Fig. 1. Photograph of a 2 inch "18-8** stainless steel cannula with a "screw tip." 

Fifteen centimeters of bowel below the common bile duct are packed off 
outside the abdomen to reduce peritoneal soilage. Midway between the com- 
mon bile duct and the major pancreatic duct, Martzloff forceps are placed 
across the bowel. The “ground” side of the forceps is faced rostrad (handle 
away from the operator). Another forceps (handle toward operator and 
ground” side eandad) is placed across the bowel just below and touching 
the upper forceps. Both forceps are closed as completely as possible. About 
8 cm. caudad on the bowel the above procedure is duplicated, except that the 
distal forceps is set with the “ground” surface caudad (handle away fi'om 
the operator). The bowel between the upper and lower pairs of forceps is 
severed flush with the forcep’s blades; the cut surfaces are treated with 95 
per cent phenol followed by dilute alcohol. 

A 1 cm. incision is made midway betAveen the forceps on the antimesenferm 
border of the duodenal pouch segment. The caudal forceps is removed and 
the ‘conical tip” of the cannula (see Fig. 2) is introduced into the pouch 
lumen and brought out through the aiitimesenteric Avound. The caudal end o 
the pouch is clamped shut Avith Alartzloff forceps, exeeas tissue is removed, 
and the cut ends of the boAvel are recauterized Avith phenol. Both ends of the 
pouch are closed by overseAving the forceps (Parker-Kerr technique’), using 
No. 1 silk suture on a straight intestinal needle. A purse-string suture ij 
placed in the pouch about the cannula; the Avound edges are iiiArnginated an 
the suture is tied just tightly enough to preA'ent pericannular leakage. . 

End-to-end anastomosis of the severed ends of the proximal and f is^ 
duodenum is noAV begun. The !Martzloflf forceps are turned by tlie assistan , 
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haS* Orifice °C abdomen of an Inlow fistula dog. Note that tho Dancreatlo 

secreted Picture. At the time the photograph was tXif thirdog 

pancreatic juice continuously for a period of more than six months. ^ 
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that the “ground” surfaces face the operator and the under surfaces of the 
severed ends of the duodenum are adjacent. A continuous Connell suture is 
laid between these duodenal surfaces. A No. 1 silk suture, on a fine curved 
intestinal needle, is begun on the mesenteric border of the proximal bowel 
close to the forceps and ended at the antiraesenteric border of the distal bowel 
segment. The Martzlolf forceps are rotated to bring the “ungromul'' surfaces 
of the forceps together and the cut ends of the bowel directly opposite. Ai- 
other Connell suture is placed across the forceps, starting on the mesenteric 
border of the distal bowel close to the caudal forceps and finishing above the 
rostral forceps at the bowel’s antimesenteric border. The antimesenterie 
sutures are grasped in one hand, the mesenteric ones in the othei’, and moderate 
tension is maintained while the forceps are removed by the assistant. The cut 
ends of the bowel are drawn together snugly and sutures are tied after inspec- 
tion shows satisfactory bowel approximation. (Sutures should not be tied too 
tightly.) The anastomosis is manipulated to establish luminal patency and 
examined for leaks. A row of interrupted silk Halsted sutures is placed to 
reinforce the anastomosis. (The anastomosis must be tight because leakage is 
followed by peritonitis.) 

The pouch and base of the cannula are draped carefully with omentum. 
Pour interrupted linen sutures are passed through the pouch wall, 1 cm. in each 
direction from the cannula. A midline stab wound (opposite the junction of 
the middle and lower thirds of the abdominal wound) is made which is just 
large enough to admit the “conical tip” of the cannula that is brought through 
it. The linen sutures are placed through the abdominal wall about the cannula 
with a Eeverdin needle ; the sutures are tied tightly enough to hold the pouc i 
against the peritoneum. This procedure,^® which prevents intra-abdomina 
leakage and subsequent peritonitis by holding the pouch to the peritoneum, 
is a most effective one. 


After washing the hands thoroughly, the abdomen is closed 
instruments and catgut suture. The skin is sutured with interrupte lueii 
and the wound sponged with tincture of iodine. No bandage is app le 
the wound. 

Postoperative Treatment . — For the first three to five days the 
given no food or water. IntraAmnous Ringer’s solution (100 c.c. pei ,'i 

Aveight) is administered daily during this period. A padded high meta co^^^ 
prevents the animal from disturbing the cannula or the avouh . f ® 
pancreatic secretion appears, the dogs are placed in cages haAung ^ 
in order to aAmrt the dcAmlopment of pedal ulcers; such u ceis cac 
prolonged contact with active pancreatic juice. 

A soft diet is given about the fifth postoperatNe day; ^ biscuits 

sutures are remoAmd at this time. Subsequently the diet consis s o c o 
and milk. Sodium chloride (0.5 Gm. per kg. body Aveig through 

to the drinking water in order to replace the electrolyte lost by the do„ 


pai\.cvG3.tic sGCictioii. 

Collection of panei-eatic juice, by means of a foo a 
an apronlike bag tied abont the dog'a abdomen, m .mtmled ab»»< 

postoperative day. 
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Postoperative complications are peritonitis and obstruction of the bowel. 
Peritonitis may result from a leak in the duodenal anastomosis or rupture of 
the duodenal pouch. Intestinal obstruction, whieli may occur in an animal 
possessing an intestine with a small lumen, i.s an unusual complication. The 
si e-to-side .anastomosis which would eliminate such obstruction, cannot be 
used lor the high duodenal anastomosis. 


THE INLOW FISTULA 


Of the various pancreatic fistulas in which the major pancreatic duct is 
ransplanted to the anterior abdominal wall, this preparation has proved most 
satisfactory m our hands. The two-stage operation is far superior to the 
single-stage one because of the lower postoperative mortality. The operation 
IS superior to the method of Pavlov since the In low fistula can he prepared 
easily. The Inlow method has been modified in this laboratory to simplify the 
operative procedure and to secure a higher iiereentagc of satisfactory fistulas. 

Opeitttion. First stage . — A 10 to 20 kg. dog is anesthetized with ether. 
A straight 10 cm. right rectus incision is made Ihroiigh the skin and subcuta- 
neous tissue, starting just below the costal border, 2 cm. lateral to the midline. 
the subcutaneous tissue is separated from the fascia laterally to form a pocket 
winch will receive the transplanted duodenum. The abdominal incision is 
completed along the original line, the duodenum is delivered into the wound, 
the major pancreatic duct is located vide swpra. The pancreas is freed from 
e duodenum 2.5 cm. above and below the duct after careful ligature of all 
blood vessels. 


The transplantation of the duodenum beneath the abdominal skin is ac- 
complished by closure of the fascia, muscle, and peritoneum, about the gut and 
pancreas adjacent to the pancreatic duct by four No. 2 chromic eatgut-mattress 
su^tures. The most rostral suture is passed between the bowel and pancreas 
2 out 3 cm. above the duct (which should lie about the center of the wound). 

e lowest suture is placed between the gut and the blood vessels at a region 
a out 3 cm. below the duct. These sutures are placed so that the wound will 
!■ SRUgly about the bowel where the latter enters the abdomen. The iiiter- 
aie late mattress sutures are placed straight through the pancreas near its 
ree border at levels, just above and below the duct. This ensures the ex- 
eriorization of sufficient pancreas. (In placing the sutures the blunt end of 
e needle proceeds first to avoid blood vessel rupture.) The mattress sutures, 
^vith the exception of those passing directly through the pancreas, are tied 
tightly. 


The duodenum is rotated to the right as far as possible and is fixed to the 
aseia beneath the lateral skin flap (catgut sutures between the rectus fascia 
intestinal submucosa). This holds the gut and pancreas firml 3 ^ and places 
® pancreatic duet in a superficial position at least 2.5 cm. lateral to the 
J^ound margin. After all Iiemorx’hage has been controlled the subcutaneous 
ssues and skin are closed over the transplanted bowel with catgut and linen 

sutures. 


ond 


Second stage . — After a four-week interval (to reduce hemorrhage at sec- 
operation) the transplantation of the major pancreatic duct is performed 
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under ether anesthesia and careful asepsis. The middle 6 cm. of the old skin 
wound is reincised, and the pancreatic duet and adjacent pancreas are located 
by cautious dissection. After careful mobilization and dissection of the duct 
to secure maximum length, the duet is severed partially at its intestinal junc- 
tion. Fine silk, on a Carrel artery needle, is passed through the free lip of the 
duet. The duct is now completely severed from the bowel, and the defect in 
the latter is closed with a short continuous Lembert suture. Three additional 
sutures are placed through the end of the duct. A small stab wound, large 
enough to accommodate the duet, is made in the skin directly over the base 
of the duet (about 2.5 cm. from the edge of the incision). In order to reduce 
the tension U230n the sntures between the duct and the skin, catgut sutures are 
placed between the duodenum and the cutaneous tissues on either side of the 
stab Avound. TMs anchors the skin firmly to the hoivel. The pancreatic duct 
is delivered easily through the stab Avound and anchored loosely to the skin by 
the silk sutures. The original incision is noAV closed in the usual manner with 
catgut and linen. 

Postoperative treatment . — The dog is placed in a cage having a Avire bottom 
and his neck is fitted Avith a suitable padded collar to prevent his disturbing 
the wound. The dog can be fed as soon as his appetite returns. The diet con- 
sists of dog biscuits; sodium chloride is added to the drinking Avater. The duct 
sutures are removed about the fourth xiostoperative day. 

Alkali dermatitis often dcA^elops in animals Avhich secrete profusely. This 
is treated best by daily baths and applications of potassium permanganate 
1 :1,000. The ehowehoAv, Avhich has an alkali-resistant skin, requires less atteii 
tion in this respect than other breeds (Pig- 3). 

The pancreatic duct orifice is probed daily to avoid closure of the duct 
Avhich occasionally occurs if this precaution is overlooked. 


COMMENT 

The Dragstedt fistula is an excellent preparation for those ^peiime 
Avhich pure pancreatic juice is not required. This dstiila has f e 
that the secretion is collected over the entire day; the animals leraam 
hence require little postoperative care; the jf 

ships are undisturbed. The chief disadAmntages of this fistu a le in ^ 
high incidence of postoperative peritonitis and the admixtuie o suecus e 
Avhich contaminates the pancreatic juice in unknoAvn quantities. 

The InloAv type yields pure pancreatic juice Achich is ^j. ],y a 

expez-iment, by a glass cannula introduced into the transp an e 
glass funnel cemented by collodion to the abdomen adjacen o 
fistula’s chief disadA-antages az-e alkali dermatitis as a lesu ° ^ probe 

tion and sensitive abdominal skin, closure of the duet t * 
it daily and inability to collect easily the entire daily secie lo fistula on 

Obsezwations of reasonable duration are made in hot tJI jjj,jjpqjY.Jrop 
dogs Avhich are trained to lie quietly upon a pac c ^ j]je fistula, 

secretion is recorded by an automatic drop counter c 
Extended observations are made upon animals place i 



burgek: continuous vacuum distillation 


1221 


REFERENCES 

1. Babkin, 13. P.: Die Ausi>cie Sckiction <ler Venluuuiigfcdrusen, Berlin, 1928, Julius 

Springer, p. 459. 

2. Dragstcdt, L. R., iloutgomory, if. L., Ellis, J. C.: A New Type of Pancreatic Fistula, 

Proc. Soc. Exper, Biol. & iled. 28: 109, 1930. 

3. Elman, R., and iIcCauglian, J. JI.: On the Collection of the Entire External Secretion 

of the Pancreas Under Sterile Conditions and the Fatal Effect of the Total Loss 
of Pancreatic Juice, J. Exper. Med, 45: 5(51, 1927. 

4. Inlow, W. D,: A Technic for the Establishment of a Permanent Pancreatic Fistula 

With the Secretion of Inactive Proteolytic Ferment, J. Lab. & Clin. Med. 7: 80, 
1921. 

5. Babkin, B. P.: Die Aus>cre Sckrction der Verdauungsdruaen, Berlin, 1928, Julius 

Springer, p. 450. 

6. Boldyreff, W. N., and Martin, W. F.: The Operation for and the Importance of a 

Permanent Closeable Pancreatic Fistula, TohoUu J. Exper. Sled. 35: 144, 1939. 

7. Dragstedt, L. R.: Personal communication, 1930. 

8. ITartzIoff, K. H., and Burget, G. F.: The Closed Intestinal Loop. III. Aseptic End-to- 

End Intestinal Anastomosis and a Method for Making a Closed Intestinal Loop 
Suitable for Phj’siologic Studies, -\rch. Surg. 23: 26. 1931, 

9. Markowitz, J.: Textbook of Experimental Surgery, Baltimoie, 1937, William Wood & 

Co., p. 80. 

10. Markowitz, J.: Textbook of Experimental Surgery, Bjiltimoro, 1937, William Wood & 

Co., p. 130. 

11. Mann, F. G.; Personal communication, 1938, 


CONTINUOUS VACUUM DISTILLATION* 


I^Iartin Burger, M.S, New York, N. Y. 


'T'HE isolation of bacterial specific substances from broth culture media, like 
^ many other procedures in organic chemistry, reQuires concentration of a 
large bulk to a small volume by means of vacuum distillation. It has become 
advantageous, therefore, to employ some time-saving modification in the usual 
apparatus.^- ^ 

A very inexpensive and efficient assembly is herein described and 

diagrammed. 


USE OF APPARATUS 


After the system has been evacuated and the receiver B simultaneously 
cooled, the liquid from a stock bottle is transferred to the distillation flask by 
means of a siphon tube connected to the side arm II, G, F . Cocks H and G 
are opened, and when the desired amount has been transferred, they are closed. 
The siphon tube is then disconnected and the capillary tipped I is replaced. 
If frothing occurs, it may be controlled by inaniijulating II and G as described 
below. The distillation is now conducted until removal of the distillate is re- 
quired. For removal, the three-way stopcock D is turned to evacuate catch 
flask B, and the screw clamp J is opened. By momentarily admitting air into 
Ibe distillation flask via screw clamp C or cocls II and G, the distillate will be 
dra^vn through tube A into the catch flask. After drawing off the distillate, 
is closed and D is turned to continue the distillation. 
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By this procedure distillation need not be intemmterl h • 
evacuating agaiu. These are all tin, «-eo, .sinning elemenls. 



Fig, 1. — Distillation assembly. 


DESCRIPTION OF APPARATUS 

As shown in Fig. 1, a distilling flask is inserted into one of the holes of a 
two-hole rubber stopper, the usual capillaiy tipped glass tube. At the top of 
this is attached a rubber tube with a screw clamp C. The other hole is fitted 
with a bent glass tube F connected to a glass stopcock G. A piece of gla^ 
tubing drawn to a capillary or fire polished to a fine orifice / is connected to 
by means of a rubber tube. Affixed to the latter is a screw clamp F. This 
modification may be used for two purposes: (1) As a froth controlling device 
by using stopcock G as a coarse adjustment “valve” and screw ckmp H as a 
fine adjustment. (The use of octyl or other higher alcohols as antifroth ageii s 
is eliminated.) By manipulating these “valves,” the incoming air pressuie 
prevents frothing over of the material into the receiver B. A little piac ice i 
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required to obtain optimum adjustment. While frotliing is controlled, tiie dis- 
tillation is evident by tlie appearance of a cloud formed in the receiver. The 
cold water or ice surrouudinjj B, liowever, causes condensation of the cloud. 
(2) As an intake tube, the capillary / is removed and a siphon tube is attached. 
The other end of the siphon extends into tlie stock bottle containing the liquid 
to be distilled. For this purpose, it is advisable to fit the bent tube F, so that 
the end projecting into the distillation llask just touches tlie side of the neck. 
The incoming liquid then strikes tlie neck and flows smoothly down into the 
bowl of the flask, thereby preventing any additional froth. Wlicn the flask is 
filled to the desired level, tlie siplion tube is disconnected and the capillary 1 
is replaced. Any frothing whicli oeeui-s may be controlled. 


L M N 



DRYING TUBES OR ABSORBING TOWERS 
Fie 2. 


Tile condensei’ and receiver B also have a two-hole rubber stopper. One 
liole is for the side arm of the di.stiilation lia.sk which e-vtends into B. Into the 
“tiler hole is inserted a piece of glass tubing .1. Tiiat end of tlie latter wiiicli 
projects into tlie receiver i.s bent, so that it just readies the bottom of tiie dis- 
tillate. At the other end is attached a length of riiliber tube to wiiicli is aflS.xed 
screw clamp J. From this, a piece of glass tubing e-vtends into a one-hole rubber 
stopper in tlie moutli of catch flask E. 

One of the parallel ends of a three-way .stopcock D is connected to the 
catch flask, the other to the side arm of the receiver. The single end is con- 
nected to the drying tubes or absorbing towers and the vacuum pump. 

A further improvement in the setup is obtained by arranging the drying 
tubes or absorbing towers, as shown in Fig. 2. When the first tube L becomes 
saturated with moisture and requires refilling with desiccant, it is merely neces- 

to close stopcock B and screw clamp P. Eemove £ and attach the rubber 
tube which connected the drying tubes L and .1/ to stopcock D. P and D are 
then opened. L is recharged with desiccant and put hack into operation again 
ill its original position. 

For maintaining sterile conditions, as in the distillation or concentration 
cf biological products, e.g., sera, culture media, hormones, vitamins, etc., it is 
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necessary to connect a train of two or three bottles containing phenol or other 
bactericidal solution to G and H, the two points where air is admitted. The 
incoming air thereby is washed free from contaminants before entering the 
system. When the bactericide is already present in the liquid to be distilled, 
it is unnecessary to use the trains. 


SUMMARY 

A continuous vacuum distillation assembly is described and diagrammed. 
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THE MAZZINI TEST : A GEEATEE AID IN THE SBEODIAGNOSIS 

OP SYPHILIS^ 


A. W. Eatclipfe, M.D., Hammond, Ind. 


PRELIMIN^VRY STUDIES 

TN DEVELOPING his recently published flocculation test for syphilis, Maz- 
A zini^ collected such information as could be obtained concerning those cases 
showing deflnite discrepancy in the results of the various tests emp oye m 
the Serological Laboratory of the Indiana State Board of Health. laie 
lowed his work with great interest, and during the past seveia mon s lai 
had the opportunity to add a few cases to the material he has co ec e 
to employ his test in its first use in actual practice. It is wit i ns , 

that the material he collected has been analyzed and is eiewi 
The information was collected by means of questionnahes sen o 
cians in charge of the cases that showed definite disci epancies. ^ ‘ ^ 

been stated,^ the Mazzini test early demonstrated a gieatei . gp 

tivity in general than did the other tests we were using lou me j. 
apparent that in the cases of partial positives a slight y s ^ 

this test was soon regarded as the usual finding an no as marked 

questionnaire. Questionnaires were not sent on specimens 

for “treatment check.” „„minv between 

In Table I are presented 502 cases in which there yptic are' 

the results of the various serologic tests. The cases c assi ® ^ definite 

undoubtedly so according to the available infoima lon.^ ^ . * fm. syphilis 

statement indicating previous diagnosis of, or pievious rea 
was accepted as sufficient for syphilitic . ^-Pese cases have 

sufficient information was given to question sue a s a > 

been classified as doubtful with suggestive data. , Laboraton' 

. *Froni the Bureau ot Bacteriology and Pathology and tlie Lake C 
of the Indiana State Board of Health. 
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In general, the cases classed as doubtful with suggestive data are cases 
which might be regarded as diagnostic problems, with syphilis as a definite 
possibility. AVe have been “liberal minded" to the extent of considering that 
syphilis i!i a marital partner, congenital syphilis in a sibling, or a history of 
abortion or prostitution was suggestive of syphilis. 

The eases listed as doubtful without suggestive data for the most part are so 
classed bec.anse of inadequate information. For example, a tei'se reply to the 
effect that the patient gives no history of srijliilis is not sufficient evidence 
upon which to rule out the infection. The eases classed as nonsyphilitie are 
those rare cases in which sufficient iiiforniatiou was obtained to c.xclude syphilis. 

Tabic I is set up with the Alazzini test result as the basis of classification in 
the vertical eoluinu and the probable diagnosis in the horizontal spread. For 
e.vample, 157 cases showed a 4-plus Maezini reaction , of these, 97 were syphilitic, 
41 were doubtful with suggestive data, and 19 were doubtful without suggestive 
data. Of the 157 cases, IS gave negative Kline read ions; 81 gave negative re- 
actions to the modified Kahn test; and 141 gave negative reactions with the com- 
plement fixation te.st. Not only did these negat ives occur but also many of the 
other specimens gave only partial positives with each of the three tests; neces- 
sary condensation of the original table makes it impo.ssible to show this here. 


T.UtLC 1 

Cases Sei.eoted ov itAzziNt Siiowixo Drscitcp.\xciE.s is the Re.sui.ts or Various Serologic 
Tests for Svriiitis. fSoIcotcd From Approxinraloiy 190,000 Specimens E,vaminea.) 


rr.OB.iGLE UIAONOSIS FROM AVAILABLE BATA! 


tsst result I 

-^iaztini 4 -p1u3 I 

TOTaMa 1 
NO. 1 

1 

SYPUIMTIC 

1 

DOUBTKUL 

WITH ] WITHOUT 

SUOOESTn’E DATA 



157 1 

97 1 

1 •‘1 

19 

- 

negative* 

18 

14 

4 

~ 

- 

Jialin neuativet 1 

81 

54 

1 18 

9 

- 

U f’. negative? i 

141 

90 

35 

10 ' 


■ilazzini 3-plu3 i 

217 

145 

1 JC 

M , 


li-line necative ' 

C2 

49 

1 0 

OO 1 

~ 

ii-aJm negative 1 

1C6 

109 

1 31 



O'. F’. negative 1 

207 

138 

' 43 j 

24 1 


-•Mazzinl 2-nlus 

70 

30 

1 33 

7 

1 

tvime negative 

48 i 

27 

i 17 ; 

* 

1 

ivalm negative 

06 1 

31 

1 29 ' 

5 1 


0. ii'. negative 

74 1 

36 

1 30 ; 



-Mazzini l-plu3 

11 

3 

1 i 

3 

1 

Kline negative 

q 

1 

1 1 



Kalm negative 

5 1 

2 

1 2 



0. F. negative 

10 1 

3 

t 3 

1 3 

1 1 

wazzmi negative i 

41 1 

9 

9 

1 23 

1 1 

Kiine negative 

4 

2 

i 1 

1 ,1 

1 “ 

Kalm neuative 

25 ' 

3 


1 


, 0 . F. negative 

34 1 

5 




■iota] Cases 

503 , 

290 

1 133 

: 77 

' 5 


. W3tA, as performed m tlic Indiana niaie iinitpA qtates Uiihlie 

wived the folloivmK ratine In tlio 193S evaluation survey conducted iJ! the United states ruMlc 
nealth Service and the American Society of Clinical Patiiolosists 

•Kline dlaBnostic test; sensitivity 82.1 per cent. spcclBclty 100 per cent, 
tone tube modifleation of the Kahn standard test sensitivity 82,4 per cent, speciRcity 
100 per cent. 

tComplement llxatlon (Moon-Wassormann) techmano. sensitivity 81.0 per cent, speelRcity 
per cent 
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LiUvE COUNTY (INDIANA) SYPHILIS SURVEY 

III the Lake County Survey Laboratory the Jlazzini and the Kline diag- 
nostic tests are done on all specimens. Kahn standard tests are done only on 
those which show some degree of positive reaction with the above tests. The 
Kahn antigen used in this series was obtained from the University of Michigan 
Hospital. 

The tests to be presented in this series represent 10,253 blood specimens. 
This total number classified by test and result are shown in Table 11. 


Table II 


TEST KESULT 

MAZZlXi 

KLLVE 

KAHN* 


1,491 

1,010 

540 


402 

372 

256 

2-plDS 

219 

344 

264 

1-plus 

227 

444 


Negative 

7,884 

7,777 

839 

Not done 

30 

306 

8,004 

Total 

10,253 

10,253 

10,253 


*Lest false impression is left here, please note analysis of data section concerning this 

table. 


Since the use of the Mazzini test in the Survey Laboratory represented its 
first use in actual practice and since the study presented in the preliminary 
studies seemed to indicate that tlie stronger reactions were satisfactorily specific, 
we were anxious to guard against the possibility of syphilis being falsely diag- 
nosed as the result of an unsupported weak positive reaction with this test and 
to learn more of the significance of these weak positive results. Whenever such 
a reaction %vas encountered a questionnaire was sent to the physician in charge 
of the ease, asking whether any evidence eonld be found in the history or physi- 
cal examination to support or to contradict tlie result of the serologic examina- 
tion. Questionnaires were not sent on specimens marked “for treatment check. 
One hundred eighteen of these questionnaires were sent out; 76 (64.3 per cent) 
were returned. The results arc analyzed in Table III. 


Tabm: III 

Cases Selected at the Survey L,.\.BOR.YrouY ; Special Interest in Weal Positive Eesil 

OP Serologic Tests for Syphilis __ 


TEST RESULT 

TOTAL 

KO. 

1 PROBABLE DIAGNOSIS PROM AVAILABLE BAiA 

■ NO. IN GEO.SS 
diagnostic 
SERIES 

SYJ'JIILmC 

doubtful 

NON- 

SYpmhmc 

WITH i WITHOUT 

SUGGESTIVE DATA 

3Iazz;im 4-plus 
Kline negative 
Kalin negative 

3 

1 

1 

1 

1 

- 

1 


2 

3 

- 

283 

Mazzini 3 -plus 
Kline negative 
Kalin negative 

8 

'*> 

5 

3 

1 

1 

Mazzini 2-plus 
Kline negative 
Kalm negative 

22 

6 

16 

9 

2 

5 

~ K i 

3 

' 7 

4 

3 

4 

- 


3 

1 

3 

l68 ’ 

Mazzini 1-pius 
Kline negative 
Kalm negative 
Total 

43 

28 

6 

4 

14 

9 

11 

25 

20 

14 

16 

26 

Ao D 

76 21 

__ j— 
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ANALYSIS OF DATA 

Table I is largely self-explanatory; the point of chief interest is tliat the 
ilazzini technique detects more cases of syphilis than do the other tests under 
comparison. Particular attention is invited to the group of negative llazzini 
reactions, wliere it is evident that tins test was negative in cases which gave 
false positive reactions with the Kahn and Kline tests and even with the com- 
plement lixatioji test. Although not so dearly .shown here as in the original 
uiiahridged table, the test also gave a certain number of false negative reac- 
tions which were detected by one or more of the other tests. 

Table II illustrates the fact that while there is fairly close correlation be- 
tween the number of negatives witli the JIazzini and Kline tests (within 1 per 
cent of the series), the ^Mazzini test has taken many of the partial positives 
out of tlie doubtful range into tlie positive range of 3-i>Ius and 4-pliis. Tlie 
apparent discreiiane.v between the number of positives and the number of Kalin 
tests done is explained partially by insufficient seniin for the Kahn test and 
partially by tlie fact that for tlie first few weeks of ojicration of tlio Survey 
Laboratory, Kahn tests were not done Iberc but positive sera were relayed to tlie 
State Board of Health Laboratory, Indianapolis, for Kahn and complement 
fixation tests, thus siqiplying a close inlcvlaboratovv cheek until we ^Yere assured 
that our results wore satisfactory. 

Table III is set up exactly as was Talile I and represents the cases out of 
the series in Table H upon which questionnaires were sent out and returned; 
the additional column at the right indicates the total number of similar re- 
sults in the diagnostic series of the gross run Sixty-five 1-pIus and 2-plus 
ifazzini eases represent a sampling of 10.6 per cent out of the 330 similar re- 
actions in the gros.s diagnostic .serie.s. Tuenty-two 2-plus JIazzini cases repre- 
sent a sampling of 13.G per cent out of 162 similar reactions in the gross diag- 
nostic series. Forty-three 1-plus JIazzini cases represent a sampling of 25.6 
per cent out of the 168 .similar reactions in the gross diagnostic series. Calcu- 
lation of the percentage of false positive reactions may be made according to 
the following formula : 

/ (N. + D,)- 

y Z.= Per cent of faL'-e positives, 

To 

N*=ziionsypluIitic cases m sample 

D. = doubtful ca-ves in sample 

T, = total ca.*>cs. in sample 

So = similar leactions in gros.s diagnostic series 

T,, = total number in gross diagnostic series 

The 2-plus ilazzini reaction was falsely positive to the extent of 1.03 per 
cent i£ all of the doubtful cases are admitted as false positives, or to the extent 
of 0.31 per cent if the eases classified as doubtful with suggestive data are not 
iaeluded. The median of this range is 0.67 per cent. 

The 1-plus ilazzini reaction Avas falsely positive to the extent of 1.56 jicr 
•^ent to 0.93 per cent, or a median of 1.24 per cent. 

^'or tlic combined 1-plus and 2-pIus reactions, the so-called doubtful range, 
Ihe per cent of false positives was from 1.24 to 2.59, with a median of 1.9. Tliis 
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means that in this series the Mazzini test exhibited a specificity of approximately 
98 per cent in the so-called doubtful range. 


DISCUSSION 


This study was undertaken primarily to increase our own Imowledge of 
the dependabilitj'’ of the Mazzini test and has been pursued in an attempt to 
answer inquiries concerning its specificity. It is unfortunate that the data are 
not complete, so that the specificity for the so-called positive range of 3-plus 
and 4-plus might have been calculated. It logically would be much greater 
than in the range of 1-plus and 2-plus. The cases in Table I do not represent 
a true sampling, but include only those reactions which apparently rvere likely 
to reveal faults in the test. In view of this, it is believed that Table I indicates 
a satisfactory specificity. The calculation of specificity in the lower range is 
believed to be statistically sound and quite satisfactory for that range. 

Specificity has been of great interest to pathologists and serologists. The 
clinician is more interested in what a given result, especially in the partial 
positive range, means in regard to his particular patient. Reference to Table 
III, which excludes treatment check examinations and deals only with tlie 


diagnostic series, shows that on the basis of a 2-plus Mazzini test, without 
knowledge of additional tests, the probability is approximately 1 in lYo that 
the patient has syphilis, or 3 in 3% that he presents a diagnostic problem with 
syphilis as a definite possibility. Similarly, the unsupported 1-plus Mazziiu 
reaction indicates a probability of 1 in 7 that the patient has syphilis, or 1 m 
2 that he presents a problem in the differential diagnosis of syphilis. Support 
by one or both of the additional tests definitely increases these probabilities. 
It was repeatedly found that only after serologic examination had shoAvn some 
degree of positive reaction was a complete venereal history obtained. 

It is believed that the data presented supply adequate support of oui 
policy of reijorting the various tests in terms of 4-plus, 3-plus, 2-plus, 1-plus, oi 
negative, with the understanding that 1-plus and 2-plus are considered doubt- 
ful. The confusion of the clinician, sometimes claimed to re.sult from suci 
reports, should not (nor does it in our experience) for long e.xceed his competency. 

In this analysis and discussion no attempt has been made to draw infei^ 
enees concerning the indications for treatment or the continuation of it. 
a study would belong in the field of syphilology. In that respect refeieiiee 


made to recent publications of Kolmer^’ * and Stokes.® ^ 

It is interesting to notice that in attempting to classify the cases of ^ 
as to diagnosis, difficulty was occasionally encountered, either 
definite diagnosis of some condition other than syphilis or because o a 
tial diagnostic problem involving some condition other than syp 1 1 ^ 
conditions included tuberculosis 8; carcinoma 7 (cervix uteii , 4 ; 

1, lung 1, and carcinomatosis from teratoma of the testie e ’ qvdeu- 

hyperthyroidism 3; peptic ulcer 2; subacute bacterial en om i i 
ham’s chorea 2; mononucleosis; pneumoeoccic memngi ^ mastoid- 

Yincent’s angina; acute rheumatic fever; staphylococcus j.,-ght 

itis, and meningitis; and a nonpulsatile tumor m 
chest. Incidentally, although not included m this senes, 7 
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The serologic flndin's of the L^I o P T “t later time, 

mentioned only from tlie°standi)oint'nf tl ^ Survey Laboratory have been 

»4”“ ic£;,s“ ;i;;E,lrJ4;.“ 

srrrist^tr, '"r ““ — —? 

s-rs“X:r:Lr~^^ 

.-S;'4S";; sri »r 

difficult to ItlaS .. ! “'i'alttedly 

biological reasons' fthatTs ain T T "r Positives for 

scries of tests by -m tech Therefore, in a large 

mated but nnt^ 1 • ‘“'*"“1““ “'a spacificity of 100 per cent may be approxi- 

tivo- replrts is t'm '’a'’ cent for the so-called “posi- 

“all sians foil”’ h'cnerally accepted as satisfactory. Moreover 

cvaluatLi materir=°''untirmm “ 

reaaiii it i.. i-i . , * concerning the nature of “syphilitic” 

teS 00 0^ ™ "““Pcaiflo 

diagnosis of syphd s i?'“ H r"*'""’- specificity the 

must Z 1 Z ' ’ a problem for medical judgment and 

strongly emphlizer'Z"'’'’" T7 “‘'"’"Z Palt^* cannot be too 

causcrl^ cnphasized. It would seem that a failure to appreciate this has 
caused undue alarm about the perils of high sensitivity. 


SUMMiVRY 


Preiiminarv ^tt ““““ ‘l“cstionnaire method) collected in 

presented Tn “'’“'““‘c the Mazzini flocculation test for syphilis is 

represent, ti c "’ " c-'^^'nination of 10,253 blood specimens, 

analysis i« “ n ° *“ Practice, are presented. An 

the ‘'“c so-called doubtful reactions of 

in this ° ■ ^clculated upon the basis of this sample, the test 

doubtfnrr'^^ maintained a specificity of appro.vimately 08 per cent witiiin the 
3-Plus pointed out that within the so-called positive range of 

Preliminn ^Peciheity is expected to be much greater, and that the 

not It* studies seem to indicate this, although calculation of this value is 
empted because of incomplete data. 

tests .“ '*‘^’'‘‘.Proacnted indicate that the Mazzini test is more sensitive than the 
specificity ™'°'' compared and is interpreted as indicative of a satisfactory 

I'ifieane'^ Pointed out that a Imowledge of specificity does not indicate the sig- 
uttemnt*^-”* " ‘^°"*itful (or even of a positive) reaction in a given patient. An 
P IS made to answer the latter question as it concerns the Mazzini test 
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It is pointed out that false positives may occur with any serologic test for 
syphilis and that the diagnosis of syphilis should remain a problem for medi- 
cal judgment. 

CONCLUSIONS 

The Mazzini flocculation test offers a- greater aid in the serodiagnosis of 
syphilis than do certain other tests in common use. 

hlultiple tests are preferable to any single test. 

Appreciation Is expiesseO for the teclinScal assistance of Jliss Marie Martin and Mrs. Ann 
WalUor ; for tlie cooperation of the physicians of Indiana and especially of Lake County, with- 
out which tills study could not have been made; and for the assistance of Mr. Kenneth W. 
Keveii and his staff, of the Central Tabulating Unit of the U. S. Public Health Service, in 
tabulating a portion of the data. 
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SULFANILAMIBE, Studies on the Mechanism of the Action of, Lockwood, J. S., and 

Lynch, H. J. A. if. A. 114: 93o, 1940. 

Sulfanilamide lias a bacteriObtatic and limited bactericidal action in vitro on 
hemolytic streptococci, btaphylococci, imcumococci, and colon bacilli. The magnitude of 
this effect is dependent principally on (a; the concentration of t)ie drug, and (b) the con- 
centration of “peptone’* in the culture inetlia. 

“Peptone,” ns used in this paper, eomiotcH any pioduct of protein digestion whetlier 
prepared artificially in vitro or through the operation of natuial enzymatic processes in 
vivo. 

It is the author’s belief that sulfanilamule acts by interfering with the nutritional 
requirements of susceptible bacteria and that the bactonu can die out m a phagocyte-free 
environment through starvation and autolysis. 

The addition of peptone to media such as serum, which arc deficient in nitiogen 
easily assimilable by bacteria, supplies such an excess of nitrogenous material that the 
bacteriostatic action of sulfanilamide is to a Jorge degree inhibited. 

JAXmDIOE, Obstructive, The Renal Lesion in, Thompson, L. L., Frazier, W. D., and 

Bavdin, I. S, Am, J. M. Sc. 119: 305, 1940. 

Except for tho fact that their patients had a high incidenco of albuminuria and a 
number of high blood urea nitrogen figures, the authors’ clinical and experimental studies 
strongly confirm Elsom's observations on renal changes in hepatic disease. 

A pre-existing renal lesion is intensified by a secondary “choloniic nephrosis.’’ The 
high incidence of glomerular changes in the patients that died suggests that a pre-existing 
renal lesion may have been present. This is strongly suggested by the fact that these 
changes predominated in elderly patients. 

If no previous renal injury exist.s, the evidences of ' ' cholemic nephrosis disappear 
rapidly following release of the obstruction. Tlie major injury in this di.sorder is confined 
to the tubules. 

The nephrosis associated with bile duct obstruction may be a determining factor 
in tho final outcome and should not bo looked upon as an inconsequential complication. 

VITAMIN C, Effect of Benal Ketention of, on Saturation Tests, ludden, J. B., and 

Wright, I, Arch, Int. Med. 65*. 151, 1940. 

A modified five-hour vitamin C saturation test to compensate for the error due to 
variations in renal function is proposed. 

Twenty-four-hour studios of the urinary excretion and plasma concentration of 
vitamin C after an intravenous test dose of I Gin. of ascorbic acid are reported for patients 
with a wide range of saturation levels and -with various degrees of renal insufficiency. 

Except for patients in the uieime state, the twenty-four-hour excretion appeals to giie 
a satisfactory index of the state of vitamin C nutrition. The excretion during shorter 
test periods gives false low values for patients ivith retarded vitamin C excretion. Patients 
with impaired renal excretion of vitamin C may give no other evidence of renal in- 
sufficiency. 

A correlation exists between (1) the percentage of the five-hour output excreted 
■iMing the first one and one-half hours after the test dose, and (2) the percentage of tho 
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In addition, an estimation If T ^ available at this time, 
through the analysis of data from this test^ ® 

The methods used follow: 

15 mg. daily) for^arLas^Twdvrhours preTdS'tt “t ^ (less than 

the administration of the test dose At 9 o'clofk ^ If hours after 

voided; six cubic centimeters of bloorl ^ ^ niorning of the test the patient 

ascorbic acid, dissolved in 10 c.c. of nhysiir*"- ^ 

intravenously. Complete suecime'ns of ^ solution of sodium chloride, were injected 

and live hours after the injection and werTtT^^r obtained e.xactly one and one-half, three, 
(nineteen-hour) was collected in tialiHv t ^ ® The remaining specimen 

glacial acetic acid to brina the dH t/'i’ bottles, containing sufficient 

was titrated immed atelv a^er 1 1 ^ i ^ This%pecimen 

normal vitamin C eiredof and f t ^ --ber of patients with 

with the urine collections, and^: TrtlT'' 

phenolindophemd Tf " modification of Tillman’s 2,6-diohloro. 

of Parmer and Abt tT) ® ^ by the sodium tungstate precipitation method 

technique of Parme ' d ^ ^ *^*'”'*^ determinations, using the metaphosphorio acid 

afSrvenS 1 Y done within thirty minutes ' 

Td nrodZ since previous studies have shown that it reduces the dye 

ana produces erroneous values. ’’ 

The following modification is suggested for the saturation test; 

natienf hit breakfast on the morning of the test. Immediately after the 

acid dissol discarded the preliminary urine, inject intravenously 1 Gm. of ascorbic 

1 py-ofU physiologic soludon of sodium cldoride. Collect urine specimen 

the imvlt oae-half hours after the injection, and specimen 2 exactly five hours after 

neeessa ®bould be done preferably immediately after each collection, but, if 

of the St be preserved as outlined previously and titrated at the end 

1 and values obtained for specimen 1 (a) and the sum of those for specimens 

( )> the predicted twenty-four-hour excretion, C, may be calculated according 
- ab 


to the formula C 
tion index 


ab . 

_ 0.27b ■ '^b® value thus calculated may be termed the satura- 


EBSPntATOEY TEACT, An Epidemic Disease of, Eeimann, H. A., and Havens, W. P. 

Arch. Int. Med. 66: 138, 1940. 

■ h ®P^demio disease of the respiratory tract occurred in Philadelphia and elsewhere 
m t e winter of 1939. Eeports of similar outbreaks in many parts of this country and in 
urope suggest that it may have been pandemic. Of a group of S13 persons in the 
personnel of the Jefferson Medical College and Hospital, 60 per cent were ill. The majority 
of patients (88 per cent) were ill with nasopharyngolaryngitis. Six per cent had tracheo- 
bronchitis in addition, and 6 per cent had traeheobronchopneumonia. In most of the 
severely ill patients the lungs were presumably involved by the infectious agent suspected 
without the agency of the usual varieties of bacteria. There were no serious complications, 
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and all the patients recovered. The disease resembles epidemic influenza in many respects, 
but it is caused by a different agent. It represents a clinical entity probably caused by a 
filtrable virus. 

SULFAPYEIDINE, Parenteral Administration of, Haviland, J. W., and Blake, P. G. Am. 

J. 51. Sc. 119: 385, 1940. 

Tho authors have presented .a method of administering sulfapyridine parenterally 
which they deem quite satisfactory. One disadvantage of the method might appear to be 
the relatively large volume of fluid which must be used in order to put tho desired quantity 
of sulfapyridine into solution. On the other hand, the authors have demonstrated by actual 
trial that such volumes may be given safely to .'ibiiost any patient ^^lleu neees.«ary. The method 
will maintain adequate therapeutic blood levels. It will provide adequate fluids, salt, and 
glucose at a time when tliey are often needed either because of persisting vomiting or inade- 
quate intake in delirious or comatose patients. It can be given without fear of slough 
or other reactions, such as may follow the use of the extremely alkaline sodium sulfa- 
pyridine. Furthermore, it may be given into any part of the body where needed, such as 
tho veins, tho subcutaneous tissue, the pleural caviticc, or the subarachnoid space. 

The method follows: 

A weighed amount of tho powdered drug was poured into tho desired volume of the 
liquid to be tested or used. This liquid had been brought to the boiling point just before 
the addition of the powder. Tho mixture was shaken I’lgorously until all the powder had 
gone into solution, usually for one or two minutes ^Occasionally it seemed expedient 
to heat the mixture again, to the boiling point in order to facilitate complete solubility.) 
The solution was then allowed to cool for six to eight hour.', or until it had reached room 
temperature. Portions of the.se mixtures were then aualy/.ed for their sulfapyridine con- 
tent. Therapeutically tho solutions were gcnerallv cooled fairly rapidly to the desired 
temperature, 

Tho solutions were observed to assume a pale golden color upon standing. 'Whenever 
sulfapyridine precipitated out, it .seemed to carry more and more of the substance with 
it, so that after a day or two a considerable cluinj) of powder could be visualized on the 
bottom of the flasks. However, ivhen the solution was complete, tlie ‘sulfapyridine remained 
dissolved for several days. Aerobic and anaerobic culture.^ of such fluids were found to 
be sterile. 

TEICHINOSIS, A Study of 23 Cases, Murphy, F. D., James, H. D., and Eastetter, J. W. 

Am. J. il. Sc. 119: 328, 1940. 

The following points summarize the safeguards that tho authors behove should bo 
used for the control of trichinosis. 

1. Individuals by their food habits c.xposc themselves to the disease; the public 
should, therefore, bo informed of tho danger of trichinosis. They should be taught 
emphatically that insufliciently cooked food containing any pork is dangerous. The 
consumer must bo brought to realize that he is, in the last analysis, responsible for getting 
trichinosis. 

2. As Pole points out, tho lonst likely source of tho parasite is pork products pre- 
pared under Federal and adequate municipal supervision. The authors agree mth his 
Ihcory that it is the unprocessed pork products, especially summer .sausage, prepared '"‘'“Ut 
superrisioa in small local slaughter houses or on farms, that frequently cause trichinosis. The 
jurisdiction of public health organizations should be made to inolude these sources of pork 
products. 

3. The packer and swine grower, as pointed out by Hall, have it within their power 
and should be given the responsibility of setting up safeguards against the consumption of 
infested pork, paiticillarly by excluding the hog wliicli is fed uncooked pork seiaps, 

4. The medical profession should keep in mind the possibility of the disease when 
unusual cases of “flu- or "grippe” do not respond readily to treatment. If the physician 
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suspects the disease, the diagnosis usually will be made readily. All cases should be re- 
ported to the health department and attempts made to discover the source of the parasite. 

Finallj', it is emphasized that while the immediate responsibility for contracting 
trichinosis rests upon the.con.sumer, the Unitea States Public Health Service should assume 
the chief role in protecting the public from this disease. 

IODINE, Blood, in Acne Vulgaris, Traub, E. E., and Emmet, E. Arch. Dermat. & Syph. 

dl: 506, 1940. 

A series of 5S patients were studied from the standpoint of the iodine content of the 

blood. 

Fortj’-live patients suffered from acne vulgaris. Thirteen patients had miscellaneous 
cutaneous disease.s and were used as controls. Twenty-two additional, apparently normal 
persons, not included in the afore-mentioned group of 58, were also used as controls. 

In the control groups of patients, whose blood iodine was apparently normal, the 
average value was approximately’ 6 niicrograms per hundred cubic centimeters. The 
average iodine content of the blood of the patients W’ith acne vulgaris was 5.975 micro- 
grams, which was approximately within the normal range. 

A slight difference was noted betiveen the iodine content of the blood of males and 
that of females, the values for the males averaging 5.3 niicrograms per hundred cubic 
centimeters and those for the females 6.65 niicrograms. 

Differences in the iodine content of the blood of patients in various age groups were 
recorded. 

The failure to find a higher blood iodine content in patients with acne vulgaris than 
in “normal” persons po.ssibly’ indicates that (1) the role, if any’, played by iodine may 
be qualitative or (2) the iodine may’, in patients with this disease, be stored in the 
cutaneous tissues. 

MEASLES, Disseminated Giant Cell Eeaction, a Possible Prodrome of, Stryker, W. A. 

Am. J. Dis. Child. 59: 468, 1940. 

A pathologic change in a 27-month-old child who died of pneumonia was the presenc 
of niultinucleate giant cells in the pulmonary alveoli, bronchi, sinuses, and medullary cor 
of the tracheobronchial h’mph nodes, lumina, and walls of the bronchial mucous g an , 
interstitial connective tissues about the ly’niph nodes and mucous glands, sp een, . 
lymphatic tissues of the ileum. These cells appeared morphologically’ like t ose e 
as specific for the prodromal stage of measles. A history’ of a possible con ac 
measles was obtained. Attempts to demonstrate inclusion bodies were incono usive 
case is not presented as a proved example of the appearance of disseminate g 
in the prodromal stage of measles; the existence of similar cells in pro\e cases, 
suggests the possibility here. 
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we came across Marshall’s demonstration^ that accuracy could he ensured by 
the use^ of ammonium sulfamate, especially when toluenesulfonic acid was used 
to precipitate the blood proteins, this method was followed and has been used 
ever since with results which have never given us occasion to suspect any inac- 
curacy. Throughout, we have had no reason to question the free sulfapyridine 
figuies. Colorimetry was done with the Evelyn photoelectric colorimeter. 


PROCEDURE 


In 14 of the 46 cases the initial dose was 2 Gm. followed after four hours 
by 1 6m. every four hours day and night. In the remaining 32 cases the 
initial dose was 4 Gm. ; in 18 of these the second dose of 1 Gm. was given four 
hours later, and was then repeated every four hours day and night ; in 14 cases 
the second dose was not given until eight hours later, after which it was con- 
tinued every four hours as previously. 

In 38 of the 46 cases blood was drawn for analysis one, two, three, and four 
hours after the initial dose. Thereafter, blood samples were taken at variable 
periods, but frequently at six, eight, twelve, and from twelve to twenty hours 
later. In the other 8 eases the first four hourly samples were omitted, but 
samples were taken every morning at 8 o’clock, so that in nearly every instance 
we have determinations made from thirty-two to forty-four hours after the 
initial dose. Since without exception the drug was given at 12, 4, 8, and 12 
0 ’clock, on the hour, the 8 a.m. samples always represented the blood level four 
hours after the latest preceding dose. 

Whenever possible to collect, 24-hour specimens of urine were sent to 
the laboratory eveiy morning throughout the course of treatment. Since for 
one reason or another it was frequently impossible to collect all the urine every 
day in every case there were only 16 cases in which complete urine studies 
were possible. Collection of urine was continued until the drug had prac- 
tically disappeared from it. 

RESULTS 


(a) Ahsorption. As all other workers who have studied this phase of the 
subject have observed, absorption of sulfapyridine is very irregular and un 
predictable. Pig. 1 shows the absorption curves in the first 37 consecutive 
cases of this study. It can be seen at a glance that there is no uniformity m 
the shape or the height of the absorption curves from identical doses (e.g.. 
Cases 9, 10, 11, and Cases 20, 21, 22, 23, and 33), nor is there any consistenc) 
of relationship in the absorption from 2 and from 4 Gm. (e.g., ' 

Cases 11 and 12, and Cases 31 and 32). It should be noted that 
20 nor Case 29 had previously had either sulfapyridine or sulfanilami , 
this point was carefully investigated. 

Pig. 2 shows the “scattering” of the individual values 
and four hours after the administration of single doses of 2 an o 
lines connect the median points, giving what may be calle typica ei ^ 
mil be noted that tbe curve foUowing the 2 Gm. dose » 
than that following the 4 Gm. dose. It may be pointed out furthe.. 
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two higliest readings for eaeii period of the 4 Gni. dose were omitted, the general 
appearanee of the two halves of the figure would be almost identical. Fig. 3 
shows the typical curves (constructed from the median value for each period) 
carried on for a period of from thirty-three to forty-four hours after the initial 
dose. Here, too, the blood concentration of free sulfapyridine is higher follow- 
ing an initial dose of 2 Gm. than it is from 4 Gm., the maintenance dose being 
the same in both instances. 


,*«M 7 • l•lTlAt OOSl 0*/«**ri « . #tB9B text CUTIIATlOtl ntOH IXITlAt OOiC CXtV 

Li IACJLjiA4MIIII£«AJItt_OaJ£.0«_/Ktt« -I roilQw oiK ■.ii.Trt^.pr rrier. 



This paradoxical situation is very interesting and of practical importance. 
A logical explanation would lie in the assumption that the larger dose produced 
vomiting, thus preventing further absorption of the drug. As a matter of fact, 
vomiting followed the larger doses (67 per cent of the cases) more frequently 
lhan it did the smaller ones (45 per cent of the cases) In the entire series 58.7 
per cent vomited. However, a study of Fig. 4 will show that even where there 
was no vomiting, the curve is still much higher following the 2 Gm. than that 
following the 4 Gm. dose. The same thing is also true where there was vomiting. 
We, therefore, cannot explain the unc-xpeeted discrepancy between size of dose 
®(1 height of the concentration curve on the factor of vomiting; it is possible 
that a very large number of cases would have reversed this trend, but in the 
group from which these figures were obtained there were 6 vomiting and 8 non- 
vomiting cases who received 2 Gm. as an initial dose, and 21 vomiting and 11 




/ E 3 *# 0 / 2 ^ 

Fig. 2. — The ‘‘scattering” of individual blood concentration figures (free 
after single doses of 2 and 4 Gin. at one. two, three and four hours. Each point at eacn ivour 
represents a different patient. Tlie curve joins the median point of eacli group. 



2 V /2 ", n.irtv-tlnee to forty-four 

Fig. 3. — ^The blood concentration curves “ver a P®”°‘j„tenance dose of 1 Gni. e"-r> 
hours after initial doses of 2 and 4 Gni.. determinations, 

hour! The curves represent the median values of many cieteri 
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noiivomiting: cases wlio received an initial dose of 4 Gin. At any rale, it seems 
to us that tlie flgiire.s are imi)rc.s,sive ciioiigli to lead us to recommend a routine 
initial do.se of 2 Gm. rather than the laryer one of 4 Gin. The probability of 
vomiting will be le.s.sened, and the blood concentration i.s likely to be not only 
as higli but possibly even higher from the smaller dose. 

It is interesting to speculate as to the cause of vomiting following admin- 
istration of sulfapyridine. There are only two probable c.vplanations ; a local 
irritating action of the drug on the stomach, and a central action on the vomit- 
ing center. Both theories liave their proponents. However, Marshall’s demon- 
stration that the sodium salt of sulfaiiyridiiie given intravenously caused vomit- 
ing, “ is strong evidence for the central origin of the symptom. 


MfiM. ^ 



FIff. 4.— The relatlonsliiv) between voinUmff and the conrentiation of free and of acetylated 
sulfapyridine in tlie blood. There wete inMifflcient determinations of total sulfapyridine in the 
cases where the initial dose was 2 Gin. to compute the acetylated form. 


The cause of the vomiting is not readily discerned from our investigations, 
I'lit tlie fact that vomiting does not ensue following tlic initial largo doses of 
■1 Gm. Imt only following subsequent smaller ones seems to us to argue against its 
purely gastric origin. Certainly a iiigli concentration of tlie sulfapyridine in 
the blood is not by itself responsible, for with the higher concentrations follow- 
uig tile snialler doses tlierc is Ies.s probabilitv of vomiting, as we liave .just 
uoted. Moreover, tlie concentration during the period from twelve to fort.v- 
®ight hours after the initial dose, when vomiting is most likely to occur, is about 
the same in tlie vomiting as in the nonvomiting eases when 4 Gm. have been 
Siven, and even higlier for the vomiting than for tlie iionvomiting cases wliere 
^ Gm. have been given. It has been suggested that the conjugated portion of 
tile drug may be responsible for tlie vomiting. Our investigations do not bear 
this out, however, for os Pig. 4 shows, the level for the conjugated form is much 
lower where vomiting occurred tlian wliere it did not. One might consider the 
theory that perhaps tliere is a “critical vomiting level” for sulfapyridine in 
Jhe blood were it not for tlic fact lliat the blood concentration at the time voniit- 
‘Ug occurs varies tremendously in different individuals; however, Iiad blood 
eoiieeuti‘atioiis been determined at the time of oirset of nausea, it is conceivable 
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that a fairly constant level might have been discovered. It has been our ex- 
perience that frequently patients become nauseated or vomit early in the course 
of therapy, with relatively low blood levels ; but if the drug is continued, the 
nausea lessens or disappears even while the blood concentration is rising. If 
vomiting is due to the action of the siilfapyridine in the blood on the vomiting 
center, it is probable that continued action by the drug eventually depresses 
the center after its initial stimulation. 


* 



Fig. 5 .— Tlie blood concentration curve for total siUfapyridine throughout the 
absorption, maintenance, and elimination, and the simultaneous 1,1„ 

and the acetylated forms. All the medians are from as many flguies as is ere available. 


(b) Acetylation. Acetylation or conjugation of tlie drug occurs very rap- 
idly after it enters the blood stream— so rapidly that within an hour after it 
is given by mouth a very considerable proportion of it has already .been coii 
jugated (Fig. 5). In six or eight hours the maximum acetylation has occurred. 
During elimination the “free” form of the drug leaves the blood stream more 
rapidly than the “conjugated” form, so that during this phase the peiceutaa 
of the acetylated form is much greater than at any other time. Table ^ sio ^ 
this trend, the figures all representing median values and all follounia 
initial dosage of 4 Gm. 

T.vble I 


The Elijiixation of Suepacyridixe: Blood Coxcextratiox Studies 
During the Elimination Phase 



Tree sulfapyridine 
Acetylated form 
T otal sulfapyridine 

The degree of acetylation varies tremendously, as^low as 

case to case but also from time to time m the same case. .‘elimination 

zero, or none at all, and as high as 80 per cent (exe usn 
stage,-” when 100 per cent of the drug remaining m the blood 
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in (he conjugated form). In general, thougli, from 10 to 45 per cent is in tlie 
acctylated form, the average being about 33 per cent. IVe could find no evidence 
for the statement sometimas made that the degree of acetylation depends to 
some degree on the concentration of the drug in the blood stream. 


nSM. i’ 

n 



Fig. S.— Tho relationship hetu-ocn the total amount o( «ulMM\Ju1ino ingested and the total 
amount rocovoreU from tlio urine m 4 loprosentative cases. 


W) BHminatioii. Following witJidranal of snIfoj)yridine bj- mouth, its 
eUmination is fairly rapid (Fig. 5). 'Witliiu thi-ce da.vs most of it has been 
6 iminated, hut as long as five day.s after the last dose, easily measurable 
quantities can still be found in tlie blood stream. ..Is noted above, the free form 
of the drug is excreted first and most rapidly, tlie conjugated form being 
excreted more slowly. Its recovery from the urine tends, as might be expected, 
to follow the blood level quite closely. After the drug is discontinued, the 
amount recovered from the urine parallels the diminishing blood level, so that 
't disappears from the urine at about the .same time it does from the blood stream 
(Pig. 6). We have not noted the lag between the disaiipearanee from the blood 
and from the urine spoken of by others. Generally speaking, when the blood 
avel falls to about 0.4 mg. per 100 c.c., no inoi’e appreciable quantities can be 
recovered from the urine. 


In 16 cases it was possible to collect the entire amount of urine passed 
mirmg tlio ^eiioie course of sulfapyridiue therapy. The amount of drug in the 
urnie was measured quantitatively for the entire period. Table II records 
die fimJings, Prom this table it will be seen that the proportion of ingested 
urug which was recovered from the urine varied from 21.6 per cent to S5.5 per 
aent, the average being 29.8 per cent. Interestingly, when the eases are suh- 
nivided into vomiting and nonvoraituig groups, the average e.xcretioii was still 
-9.8 per cent for both groups. It is presumed that the balance not recovered 
"'as not absorbed but passed unchanged through the gastrointestinal tract or 
]''as vomited. lienee, in general, one may say that about 30 per cent of the 
'igested drug is absorbed. In general, the free and the acetylatcd forms oc- 
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cur ill the urine in about equal proportions ; where there is vomiting, however, 
the free form is proportionately ninch lower (42.5 per cent) than ivhere there 
is no vomiting (64.0 per cent), although the reverse is true for its di-stribiitioii 
in the blood stream, 

T^VBtE II 

The Eiamin'atio.v of Sui,fapykimxe: Quaxtitative Ukixe Studies .\xd Covp.vrisox 
With Ajiouxt op Drug Ixgested 


.\MorxT 



RECOVERED FKOIC VKIXE 


PER. CE.XT OF 
TOTAL 



Vomitrag 

12 

IG 

IS 

1£> 

20 

29 

34 

3G 

40 

41 

No vo)mtiii« 
S 
9 
10 
17 
26 


IXGESTED 

DOSE 

RECOVERED 


Per cent 

55.5 

27.8 

29.5 

29.8 
28.2 

33.0 

30.0 
31.3 

21.0 

22.9 


■ 29.8 

Jlediiin for vomiting group 29.8 

Median for no vomiting group 29.8 

Median for entire group — - — 

(d) The optimum conemtmtion of sulfa pyridine. TlieoreUeally, 
be assumed that to obtain 100 per cent cures of pnenmoma, the bloo cone 
tion should be above a certain figure, all other conditions being ''Qual. ^ 
tically everyone who has written on this subject has lepoite a ‘ „ . j.. 

of deaths in his series — not as many, it is true, as following ^ ^ 

meiit, but still some deaths. One naturally asks if it is not ^ 
if not most, of those deaths were avoidable and ivero due o 
concentration of sulfapyridine in the blood w as too ow o , 

figures concerning this point seem to be available. 1 e lave . 

figures with this in mind, , _ iwille lios- 

In 103 cases of pneumonia of various kinds treated in ti p^giightly 
pitals during the past season there Avere 6 deaths— -a carefio- 

under 6 per cent. These 6 cases include one patien w ' . ,) jj; not 

renal disease and wdio ivas already living on Piis patient, 

reasonable to expect any beneficial jjntj the case is in- 

but, nevertheless, she ivas given the benefit i extensive, bilateral 

eluded in this series.- Two of the ^ '.eumonia. 

bronchopneunionia, and the remaining 3 had ion 

The highest concentration of free sulfapyi^'^nie . recovered 

i„ tll Lai cases is eo™ps«<l with ...« -.-c. !» 

esses in T.eUe HI, tl.c iignccs being grouped over a - » = 1 
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60 per cent of the fatal cases the eoiicentratiou was less tlian 4 mg. per cent 
an m per cent, it ivas less tliau 6 mg. per cent, whereas in only 30 per cent 
of the ^covered cases was the greatest concentration under 4 mg. per cent- 30 

J emt had a niaxnmnn concentration over 6 mg. per cent. Tlie obvious im- 

with r'l 1 ’ wasonable to expect a certain number of cures 

with a blood concentration of free snlfapyridine below 6 mg. per cent, yet to 
ensure the maximum number the concentration may well be over 6 mn- per cent 


Taulk III 


“''™“vn™E Pkeumokia 

"UECE IllERC tlEHE AT LE.1ST 3 DLTERMI.X.VTIO.XS (FiIEE SitLE.WVKIDISB) 


BLOOD CONCENTRATION ilO. % 
•Kecoverod eases 
(57) 

Fatal cases 
(5)* 

0-4 

17 

29.8o^ 

3 

60.0% 

l-C 

17 

29.8% 

1 

20.0% 

6-S 

13 

22.8e/o 

1 

20.0% 

OVER 8 

10 

17.6% 

0 

0% 

•One of the f.ital cases Inut 

unieliahh* 

«iv(< 




A fairer method of arriving at tlic oiitimum figure is to eomiiare the 
iPaxitiumi ooncentration in tlie fatal cases with that concentration in the re- 
omeie cases, following tvliich tlie temperature remained normal and the patient 
fin on to ^eeo^ol■y, for in a, few cases the blood concentration continued to 
Me even after tlie patient was getting well. In Table IV is recorded this com- 
iison, the figures being based on as many cases as wc liad available for tlie 
P eparation of the data needed. Here too, in only 30 per cent of the recovered 
ses i\as the concentration below 4 ing. per ccnl, about 30 per cent liad a con- 
^*^^"*^*^*^ ^ cent, and 40 per cent had a concentration 

vei ing. pg|. These figures compare almost exactly with those in which 

fi ‘inaximuvi concentration is taken because of the fact that it was in only a 
eiy cases that the concentration kept rising after tlie patient was on the road 
10 recovery. 


Table IV 

OMpARrsON OF THE MAXIMUM COXCENTRATJON IN THE FATAL CASES OF PNEUMONIA, WlTII 

That Concentration Following Which the Tempeilvture Remained 


Normal and the P.\tient Went on to Recovery 

OONCENTRATION MO. C5, 

0-4 

4-6 

6-8 

OVER 8 

‘tco^ered cases 
(22) 

Fatal cases 

7 

6 

7 

2 

31.8% 

3 

60.0% 

27.3% 

1 

20.0% 

31.8% 

1 

20.0% 

9.1% 

0 

0% 

Une of the fatal cases liad unreliable determinations. 


may reiterate, then, that from our -work it seems desirable, in order 
0 reduce the mortality rate to the lowest possible figure, that the blood conceii- 
nation of free sulfapyridine be maintained around at least 6 mg. per cent. It 
ofiows from this that in actual practice fairly frequent determinations of blood 
concentrations should be made, especially if the patient does not seem to be re- 
sponding to treatment. If the concentration is not reaching a level of at least 
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6 mg. per cent and the patient is not improving, then the drug should be given 
parenteially, or the sodium salt should be used, whenever it becomes com- 
mercially available. While this precaution (frequent checks on the blood con- 
centration) may seem a useless expense to the patient and may as a matter 
of fact actually not be necessary in the great majority of eases, jmt for the sake 
of the exceptional cases it seems to us desirable to subject every patient to this 
routine. Our position in this respect seems justified since in the human being 
we are not yet as cognizant as we are in mice of the effectiveness of the drug 
in the various types of the pneumococcus. 


Table V 

Comparison of Cases tVixn and \\'iTnouT Bacteriemia. The Distribution of the Blood 
Concentration Figures Foli.owino Which the Temperature Remained Normal 
AND the Patients Went on to Recovery 


BLOOD CONCENTRATION JIG. % 

0-4 

4-6 

6-8 

over 8 

Positive blood culture 

4 

2 

5 

0 

(11) 

36.4% 

18.2% 

45.5o^ 

0% 

Negative blood culture 

3 

4 

2 

2 

(11) 

27.3% 

36.4% 

18.2% 

I8.20/0 

*One patient had a Staph, aureus blood culture; the remainder had pneumococci. 

Table VI 

Comparison of Cases With and Without Bacteriemia. The Distribution of Figures 

OP Maximum Concentr.vtion at Any Time 

blood concentration .mo. % 

0-4 

4-6 

6-8 

over 8 

Positive blood culture 

2 

4 

5 

5 

(10)" 

12.5% 

25.1% 

31.30/0 

31.3% 

Negative blood culture 

7 

6 

4 

2 

(19) 

36.9% 

31.60/0 

21.10/0 

i0t5^ 


♦Two patients haU Stap/i. aureus blood cultures; tlic remainder had pneumococci. 


Bacteriemia . — In an effort to determine the effects of different blood con- 
centrations in eases with and without a blood stream infection, our figures weie 
analyzed as outlined immediately above, the cases being divided into lecoveied 
cases with and without positive blood cultures. (Note: Of the fatal eases, 
had positive blood cultures, 1 had a negative culture, and in 2 no blood v as 
taken for culture.) From Table V can be seen the paradoxical fact that 55 per 
cent of the patients with bacteriemia had a normal temperatuie followe 
recovery, even though the blood level was under 6 mg. per cent, wheieas p ^ 
cent of the nonbacteriemie patients recovered under the same ciieumstances. ^ 
the other hand, when one considers the maximum concentration at any 
(Table VI), it is seen that only 40 per cent of the bacteriemic patients leeo 
when the maximum concentration was less than 6 mg. per cent, n . 

70 per cent of the nonbacteriemie patients recovered under the same c 
From this it follows that it was perhaps not a bad thing that o 
concentration kept on rising after the patient began to get ve , oi 
he might not have recovered. These findings do not contradict oiii op 
as to a minimum blood level of 6 mg. per cent being desiia e. 
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SUMMARY AND CONCLUSIONS 


IQ, ■ !■' !“■' hospitals hulfapyridine lias been given to a total of 

131 patients, of whom 103 had pueuitioiiia. Of tlicse, extensive studies were 
made concerning absorption, concentration in tlie blood, and excretion of the 
drug 111 46 patients, of wliom 38 had piieiinionia. 


■"’‘IS administered orally in tliree ways : an initial dose of 2 
Gm. followed by 1 Gm. every four lioiirs; an initial dose of 4 Gm. followed 
four hours later by 1 Gm. every four Iionrs; an initial dose of 4 Gm. followed 
eight hours later by 1 Gm. every four hours. 


3. Absorption is very erratic, the height of tlie alisorption curve being 
unpredictable from identical doses and from patient to patient, and there being 
no correlation between tlie size of tlie dose and tlie height of the blood coneein 
tration curve. In general, the blood concontration is higher following a dose 
of 2 Gm. than of 4 Gm. 


4. Vomitin" occurs in about 60 per cent of the eases, ljut is more frequent 
(67 per cent) following an initial dose of 4 Gm. than of 2 fim. (45 per cent). 
For this reason and from the observation noted above, wc recommend the routine 
employment of an initial dose of 2 Gm. ratlier than larger doses. Our work does 
not clarify the cause of tlie vomiting, but we feel Unit it i.s of central and not 
0 gastric origin. Certainly it is not due to an iin-ieased concentration of the 
3cetjlated form, for in the vomiting cases the acet^'Iatcd form of the drug was 
much lower than in the cases whore there was no vomiting. It is likewise difficult 
to explain, on the basis of vomiting, why the concentration slioiild be liigher 
irom the smaller dose. 


5. Acetylation or conjugation of the drug occurs very rapidly in the body, 
a out 35 per cent of it being acetylatcd within the first liour. Tliroughout the 
course of administration about 33 per cent acetylation is present, although tlie 
ogree of acetylation varies from 0 to 100 per cent. During tlie elimination 
phase tile degree of aeetj'lation is much greater tlian at any otlier time, We 
ound 110 evidence that the degree of acetylation bears any relation to tlie total 

concentration of drug in the blood. 


6. jVfter the \vithdrawal of tlie drug by mouth its elimination occurs rapidly 
first, then more slowly, so that as long as 5 days later appreciable quantities can 
still be found in the blood and in the urine. The free form is eliminated more 


lapidly than tlie acetylatcd form. The drug disappears from the urine at 
obout the same time it does from the blood Quantitative determinations show 
that from 21 to 56 per cent of the drug taken by moutli can be recovered from 
^ e urine, the average being 30 per cent. 


Of onr 103 patients with pneumonia, 6 died. Of tliese 6 it was reasonable 
hope for recovery in 5; of these 6, 60 per emit had a maximum blood con- 
centration less than 4 ing. per cent and 80 per rent Ie.s.s tliaii 6 mg. per cent. 

Win this it is concluded that had it been possiltie to have rai.sed tile concentra- 
•wn ill ail the fatal cases to over 6 mg. per cent, some of tiiem might have rc- 
fO'ered. Prom this we make tlie generalization tliat in order to ensure the 
•"axmiuni recovery rate, frequent blood concentration studies siioiild be made 
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in every case of pneumonia, and if the patient docs not seem to be doing well 
and the blood concenti-ation is below 6 mg. per cent, then the drug or its sodium 
salt should be administered parenterally. 

8. Only 40 per cent of the cases with baeteriemia recovered with a blood 
concentration less than 6 rag. per cent, whereas in the cases with a negative 
blood culture, 70 per cent recovered under tlie same conditions. 

We are intlebted to Miss Beatrice Denny for lier teclinical assistance. 
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STUDIES OP SULFANILAMIDE IN BLOOD AND URINE OP RABBITS 
INFECTED WITH BETA HEMOLYTIC STREPTOCOCCI^' 


Lorenz Hansen, Ph.D., and William A. Kreidler, Ph.D. 
Philadelphia, Pa. 


S INCE the observation that sulfanilamide and related compounds are 
efficacious in the treatment of various infections, particularly those caused 
by the beta hemolytic streptococcus, many investigations have been carried 
out to determine the properties and actions of these drugs. At the time the 
present work was undertaken, however, none of the investigators had estai)- 
lished a definite correlation between the dose of the drug and its level in the 
blood stream which should be maintained for clinical cure. The present in- 
vestigation sought to supply this information, as well as to study the elimina 
tion of the sulfanilamide in the urine. 

Infection was induced in rabbits by injecting beta hemolytic streptococci 
subcutaneously. Various methods of inoculation were tried and discarded e- 
cause they failed to produce satisfactory foci with baeteriemia in the anima s. 
The method finally chosen for the experiments utilized a mixture of 
of an eighteen-hour blood broth culture and an ecpial volume of a 5 pei cen 
preparation of niucin in salt solution. Two cubic centimeters 
sion were injected subcutaneously through the shaved skin of the a c oi 
Considerable difficulty was experienced in producing a bacteiiemia.^ 
though the local lesions measured as much as 140 by 90 mm. and weie e ei a 
as much as 25 mm. and although they pei’sisted two to three "wee cs, 
of 28 rabbits showed any streptococci in the blood stream, ^eessfui 

pearance of the baeteriemia could not be used as a criteiion o su 

»From tlie Depai-tmeiits of physiological Cliemistiy ami BactciiologJ 
Jefferson Medical College, lUiiladelpIiia, Foundation. 
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treatment, we had to rely on the healiii" of the local lesion, return of tempera- 
ture to normal, and recovery of the animal to adjudge the success of treat- 
ment. 

Eectal temperatures were recorded twice daily and blood cultures were 
made daily until the animal died or recovered. Two cubic centimeters of 
blood were taken from the heart twice da^I 3 ^ the one at apj^roximately the 
time when the blood level of the drug would be at tlie maximum, and the other 
at the time when this level would be at the minimum. On each of these 
specimens the amount of free and total sulfanilamide was determined by a 
method devised by Marshall.' In each of 7 sets of experiments 4 rabbits 
(weighing about 2 kg.) were studied; 2 animals ^v'ore treated and 2 served 
as controls. The former ^vere placed in metabolistn cages and the urine was 
collected for twenty-four-hour periods. Determinations of free and total 
sulfanilamide were made on these urine specimens as long as the animals were 
under treatment. The metliod of analysis was that of Marshall, Emerson, and 
Cutting, 2 as modified by one of us (Ilansen'b 

For treatment, sulfanilamide was prepared in 0 2*5. 0.5, and 1 per cent 
solutions. Each of the treated rabbits in a series received 100 c.c. of one of 
these solutions twice in twenty-four hours tlirough a stomach tube. The first 
daily dose was given in the morning, followed l)y tlie second dose about four 
hours later. The ne.xt treatment was not given until the next morning, twenty 
hours later. 

Available data from studies on man, dogs, rabbits, rats, and mice*’ 
indicate considerable differences regarding the time of administration of the 
drug and the attainment of a maximum blood level between Iniman beings and 
lower animals, as u'cll as between individual members of the same species. 
Furthermore, the free sulfanilamide is presumed to be more active therapeu- 
tically than the acetylated derivative. Obviously, it was necessary to obtain 
iufomation relative to the maximum level of the sulfanilamide in the blood 
and also data coneerning its conjugation before studying infected animals. 
Four series of uninfected rabbits were treated orally over periods of three 
days. Blood analyses were made as indicated below (Part I). This informa- 
tion was then used in choosing the time for taking blood specimens for studj'^ 
from the infected animals (Part II). 

PART I. LETOL OF FREE AND CONJUGATED SULFANlLAillDE IN 
BLOOD OP UNINFECTED RABBITS 

Two rabbits were treated orally with 100 c.c. of a 1 per cent aqueous solu- 
lioii of sulfanilamide at S a.m. on two consecutive daj'S. Blood specimens were 
obtained at regular intervals and on the morning of tlie third day. Curves 
I and II in Pig. 1 give tlie blood levels of the total and free sulfanilamide in 
these rabbits on the two consecutive daj% and Curve III indicates the per cent 
af the conjugated drug. The points of interest are: (1) On both days and for 
both rabbits the maximum level of the drug (free and total) wa.s obtained witli 
the fir.st blood specimen, two houi’s after the dose, and tliesc value.s were aj)- 
in'oximafely tlie same for both rabbits and were nearly equal on botli da.v.s. 
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(2) The levels of the total and free sufanilamide ran nearly parallel dropping 

one-tenth of the maximum value twenty-four hours after the dose. (3) The 
conjugated drug quickly reached a level which remained nearly constant 
during the first eight hours. (4) The trend of conjugation was decidedly 
diffeient for the two ralibits; in rabbit 14 the rate of conjugation was slow, and 
in rabbit 15 it was comparatively rapid. This difterence in the conjugation 
was clearly indicated two hours after the dose, but more noticeably after 
greatei^ time intervals, so that at the end of eight hours the first rabbit had 
about 70 per cent of the drug in the free state, while the other had about 
lO per cent conjugated. (5) Twenty-four hours after the dose the percentage 
of the relatively small amount of free and conjugated drug still in the blood 
was about the same for both rabbits. On the basis of these observations it 
would seem best to obtain blood specimens foi‘ maximum values two hours 
after the dose, or possibly sooner than this, but about two to four hours after 
the dose to shoiv the trend of conjugation. 


T.vble I 

SUIiF.\NIL.VJtIDE CONCENTR.^TION IN BLOOIi OF NORM.M. R.IBBITS ON THE THIRD PAY OF 

Treatment 


(100 nil. of 1 per cent solution of sulfanilamitle ailministered twice daily.) 





RABBIT 

14 


L 

RABBIT 29 


TIME 

iroupvS 

AI-'TEIl 

MO. PER 100 
BLOOD 

ML. OF 

PER 

CENT 



PER CENT 


DOSE 

TOTAL 

S 

FREE 

S 

CONJ, 

S 

FREE 

S 

CONJ. 

S 

TOTAL 

S 

FREE 

S 

CONJ. 

S 

FREE 

S 

CONJ. 

S 

7:00 A.M. 

19 

43.5 

32.2 

11.3 

74.0 

26.0 

7.0 

1.35 

5.65 

19.3 

80.7 

S :00 

1 

00.0 

51.3 

9.3 

S 4.3 

15.7 

29.8 

23.8 

6.0 

79.9 

20.1 

9:00 

2 

52.0 

43.5 

9.1 

82.7 

17.3 

29.8 

22.0 

7.8 

73.8 

26.2 

10:00 

3 

54 .S 

42.5 

12.3 

77.6 


27.0 

19.4 

7.6 

71.8 

28.2 

12:00 M . 

5 

50.0 

39.2 

lO.S 

78.5 

21.6 

23.25 

15.93 

7.32 

68.6 

31.4 

1:00 

1 

57.1 

50.0 

7.1 

87.5 

12.5 

42.5 

36.4 

6.1 

85.6 

14.4 

2:00 

2 

57,1 

40.5 

10.6 

81.2 

18.6 

40.8 

32.2 

8.6 

79.0 

21.0 

3:00 

o 

o 

57.1 

50.0 

7.1 

87.5 

12.5 

35.1 

29.0 

0.1 

82.6 

17.4 

5:00 

10:00 A.M. 

5 

22 

54.0 

' 

44.5 

9.5 

82.4 

17.6 

28.6 

2.42 

22.2 

Trace 

6.4 

2.42 

77.7 

0.0 

10 ( 1.0 


However, in order to secure data, first, regarding the blood level and con- 
jugation of sulfanilamide obtained with different dosages, and secondly, con- 
cerning the increase of the maximum blood level when the drug is administered 
more than once a day, 100 c.c. of a 1 per cent aqueous solution of sulfamlamidc 
was administered by stomach tube twice a day on three consecutive days to 
several rabbits. Two animals were treated in the same manner with 0.25 pm 
cent solution. Blood specimens were taken at regular intervals on the thiic 
day of treatment. 

Table I presents data on two of three rabbits which received the 1 per cent 
solution. Several points are to be noted. (1) The blood level in lain 
was very high on the morning of the third day of treatment, 
after the preceding dose, especially when compared with the ^ ^ 
with the same rabbit some three weeks earlier, when the eAC a e 
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doses dropped to from 2 to 3 mg. for total .sulfanilamide (Fig. 1) and likewise 
when it is compared with rabbit 29 that received identical treatment. (2) 
.Vffer each administration of the drug the highest values for the total and free 
sulfanilamide were found in the first specimen of blood, one hour after the 
dose. (3) The increase in level for total drug was aliout the same for both 
rabbits after the first dose, and after the .second dose it was again similar for 
one rabbit but much less for tbe other. (4) A new high value was observed 
for the blood level of the drug in one of the rabbits after the second adminis- 
tration of the drug, (ii) 'I’lie drop in the blood level ivas not very rapid in 



Fir*t Oi'i 5t(4rtd, fi'it Ddy 


. flff- I.— Sulfanilamide concentration In the blood of normal rabbits (100 ml. of a 1 per 
solution of sulfanilamide administered dally on two consecutive days) Cun-’o 1 = Total 
suHanllamlde. Curve II =5 Free sulfanilamide. Cur\'o III = Per cent of conjugated sulfannamido. 


the first five hours after administration of the drug. (6) Tlie trend to conjuga- 
tion was comparatively slight for both rahhit.s, Imt it was well established at 
the end of the third hour after a dose. It appears to be a consistent quality 
of a given animal ; rabbit 14, for e.xample, had manifested a similar capacity 
for conjugation when it was used before. Finally, the excretion appears to 
be unimpaired in one of the rabbits, and conjugation is complete for the drug 
which still remains in the blood twenty-two hours after the last dose. 

Almost all the points enumerated hold also for the two rabbits which 
leceived the 0.25 per cent solution. The level for total drug appears to be 
■'oughly proportional to the do.se. The highest levels were found in the first 
Wood specimen, one hour after the dose. The trend to conjugation again was 
clearly indicated three hours after a dose, but conjugation was much higher 
than in the former set of rabbits, which indicated a characteristic difference 
'Jetween individual rabbits. The level for the total drug in the blood dropped 
slowly during the first five hours after a dose, but was down to approximately 
’ '“g. per cent for the total drug and only a trace of free drug twenty-two 
bours after the last dose. 

In view of the fact that snlfanilamidc is generally administered to man 
"> Ibe solid form and that it lias a relatively low solubility, tbe drug was given 
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days and iraddillr ol ‘T f "■> *■"* «■« 

a-ypenment. Data fc™ two ofri" S“t f ^ 



twice i" blood of normal rabbits. Administration in gelatin capsules 

dayl. Curves 7 ^ sulfanilamide per kilogram of body weight per 

cent of coniulsioH^foJ^ = Total suifanilamide for rabbits I and II. Curves la and IIa = Per 
njuffated sulfanilamide for rabbits I and II, respectively. 


rile most characteristic feature to be noted in this series, as contrasted 
with administration of tlie drug in solution, was a marked irregularity in 
obtaining a maximum blood level. The actual level reached was very higii. 
especially on the third day. In fact, there appeared to be a definite retention 
of the drug in both rabbits, judged on the basis of a high general level, and 
imiisually high imlues for the morning specimens on the second, third, and 
fouith days, and on the recovery of the drug in the urine of one of the rabbits, 
which was 25.3, 35.8, and 30.6 per cent of the intake on successive days of 
treatment. Each of the rabbits appeared to have its own characteristic con- 
jugation, the one having a high and the other a distinctly low capacity. 

One of the rabbits was very ill and died at the end of the third day of 
treatment. Death was probably due to the effect of the drug. The othci’ 
rabbit survived, although the blood level of the drug in this rabbit was mark- 
edly higher than in the rabbit that died. It seems that administration of the 
drug ill solution results in a more uniform handling of the drug; it is also 
to be noted that in rabbits there may be an accumulation of the drug, whic 
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may be a result of a temporary ini])ainiient of kidney function, a phenomenon 
we have repeatedly observed in infected rabbits treated with sulfanilamide. 

SUAniARY AND COXCLl'SIONS 

1. Levels and distribution of free and conjugated sulfanilamide were studied 
in tlie blood of four groups of uninfected rabbits in order to determine maximum 
blood levels and trends to conjugation of the drug. 

2. Maximum blood levels were obtained within one hour after administration 
of the drug, when it was given in an aqueous solution by stomach tube. But 
when the solid form was administered in gelatine capsules, maximum blood 
levels were obtained at irregular intervals after a dose. 

3. The ability to conjugate the drug varies greatly with different rabbits. 
It appears to be characteristic for a given animnl and is definitely established 
two to three hours after administration of the drug. 

4. Blood levels of the drug increase with each administration and are 
roughly proportional to the size of the dose when the drug is administered in 
aqueous solution. 

5. ' The amount of the drug in the blood drojis slowly during the first five 
hours after a given dose. 

PART II. SULPANILAJIIDB IN BLOOD AND URINE OF RABBITS INFECTED 
WITH HE.MOLVTIC STREPTOCOCCI 

Seven series of rabbits were studied, caeli group consisting of four animals. 
They were infected and treated as previously described. Blood specimens were 
obtained twice daily by cardiac puncture; morning specimens, eighteen to 
twenty hours after the previous dose, to give minimum blood levels of the 
drug; and evening specimens, two and one-half and, in some instances, four and 
one-half hours after the last dose to give maximum blood level values, and also 
to indicate the tendency to conjugation. Elimination of the drug W'as determined 
by quantitative urinalysis. The drug was administered at the rate of 0.5 Gm. 
per day (approximately 0.25 Gin. per kilogram of body weight), 1 Gm. per day 
(about 0.5 Gm. per kilogi’am of body weight) in two series and 2 Gm. per day 
(about 1 Gm. per kilogram of body weight) in four series (Table II). 

Treat7nent 0.5 Gm. of SuJfa7iilam{de Per Paij.—ln series^ one of the 

controls and one of the treated animals recovered (Table II). The blood and 
urine data are given in Table III for the two treated rabbits over a period of 
eight days. For rabbit 37 the blood values for total and free sulfanilamide 

given over a period of eighteen days (Fig. 3). This represents tlie first two 
periods of treatment. Babbit 39 survived eight days, and rabbit 37 recovered 
Mter daily treatment over a period of four weelcs. 

Comparison of data shows similarities and differences which suggest certain 
Conclusions with regard to effectiveness and toxicit}’’ of the drug. Elimination 
of the drug in tJjo urine was nearly identical throughout the period of observa- 
tion. The percentages of the conjugated form of the drug in the urine were 
riniost identical. Lilcewise, the percentage of conjugated di’ug was uniformly 
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Table II 


Results op Hemolytic Streptococcal Infections in Rabbits 


DOSE 

PER 

DAY 

SERIES 

( TREATED 

1 UNTREATED 

RABBIT 

NO. 

DAYS 

rREATED 

DAYS 

SUR- 

VIVED 

CAUSE OP DEATH 
AND BACTERIOLOGIC 
PINDINOS 

, liABBIT 
' NO. 

DAYS 

SUR- 

VIVED 

BACTERIOLOtilC 
FINDINGS AT 
AUTOPSY 

0.5 Gm. 

I 

37 

20 

1 

■ll 

38 

1 


39 

■ 

8 

Drug 

Local lesion — 
Hemolytic strep- 
tococci 

40 

1 

* 

1.0 Gm. 

II 

1 

34 

2 

7 

Drug 

Local lesion — 
Hemolytic strep- 
tococci 

33 

a 

* 

30 

2 

1 

* 

1 

1 

* 

35 

10 

Local lesion — 
Hemolytic strep- 
tococci 

Liver abscess — 
Hemolytic strep- 
tococci 

III 

41 


1 * 

1 * 

43 

# 


1 42 


i » 

! * 

44 

it 

* 

2.0 Gm. 

IV 


4 

4 

1 Accidental death 

I during treat- 
ment j 

14 

1 * ■ 
1 


10 

5 

■ 

Drug 

Local lesion — 
Hemolytic strep- 
tococci 

1 

1 

1 


l_ 

V 

20 

1 

3 

Peritonitis 

Local lesion — 
Hemolytic strep- 
tococci 

Peritoneal exudate 
Hemolytic strep- 
tococci 

1 ly 

! 

21 

Local lesion — 
Hemolytic strep- 
tococci 

25 

~24 “ 

■ 

« 

21 

■ 

Local lesion— 
Hemolytic strep- 
tococci 

vi 

■ 

”18 

■ 37 

Drug 

Cultures — ^No 
growth 

27 

30 

Local lesion— 
Hemolytic strep- 
tococci 

20 

■ 

10 

Drug 

Local lesion — 
Hemolytic strep- 
tococci 

28 

1 


VII 

29 

11 

* 


31 

32 

4 ! 

2 ! 

1 

Local lesion 
Hemolytic strep- 
tococci 

Multiple coccitijal 
abscesses in liver 
Local lesion— 
Hemolytic strep- 
tococci 

30 

5 

’■ lesion — 

.I'- strep- 
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Table III 


Sulfanilamide in Blood vnd Urine op Rabbits: Streptococcus Infection 
(Intake of drug 0.5 Gm. per day = approximately 0.25 Gm. per kg. of body weight.) 





RABBIT 

37 (RECOVERED) 


RABBIT 39 

;died) 




SULFANILAMIDE 

SULFANILAJIIDE 


TIME 

IN 

BLOOD 

IN URINE 

IN 

BLOOD 

IN URINE 

DATS 

TREATED 

OF 

BLOOD 

SPEC!- 

itEN 

TOTAL 

MO. 

PER 

100 

MU 

PER 

CENT 

CONJU- 

RATED 

COL- 

LEC- 

TION 

PE- 

RIOD 

RECOV- 

ERY OF 

INTAKE 

PER 

CENT 

PER 

CENT 

CONJU- 

OATEI) 

TOT.IL 

MO. 

PER 

100 

Ml 

PER 

CENT 

CONJU- 

GATED 

COL- 

LEC- 

TION 

PE- 

RIOD 

RECOV- 
ERY OF 

INTAKE 

PER 

CENT 

PER 

CENT 

CONJU- 

GATED 




HOURS 






1 

A.M.* 

P.M. 

7.9S 

40.2 

24 

57.S 

S4.1 

10 

26.8 

24 

_ 


2 

A.M. 

4.04 

21.0 




0.02 

7.6 





P.M. 

7.73 

60.2 

24 

72.5 

.39..1 

5 27 


24 

60.9 

89.4 

3 

A.M. 

1.85 

100.0 




4 21 

7s 0 





P.M. 

7.94 

63.0 

24 

77.5 

.SI 


(57 1 ) 

24 

75.6 

88.0 

4 

A.,M. 

o 70 

100.0 




.5 <>(• 

S4.0 




0 

P.M. 

9.75 

G7.U 




1 ; 00 

70.7 




A.M. 

P.M. 

No treatment 

4S 

10S.4 

> 7 ." 

X»» tretitnient 

4S 

98.9 

88.1 

G 

A.M. 

3.20 

20.6 




4 ■',!< 

300 0 





P.M. 

12.5 

69.3 

24 

44.5 

Ml 2 

\ 20 

41 h 

24 

44 2 

86.3 

7 

A.M. 

5.43 

51.0 




(, I’l 

S4.S 





P.M. 

9,2(J 

64.0 

24 

65.0 

sR 

14 011 

06.4 

24 

65.4 

84.5 

S 

A.M. 

2.91 

UO.O 




12 2^ 

si 7 



83.6 


P.M. 

9.50 

53.5 

24 

05.1 

!s7 0 

17 "1 

65 S 

? 


9 


4.2 

(iO.n 




flal'In 

died Junng the sight 


•a.m. s morniiiff spocinien, eighteen to tucnt\ lK*iir< <»ft< r last dose (ininniium blood level). 
P.M. = evening speennen, two and one*hjiU L»st dose tmaxuuum blood level). 


^lighei* in the urine than in the iilood, whicli indicates tJiat the conjugated form 
is more readily eliminated than the free drug. Tliis is also true in human 
beings.®’ ” They wove similar in requiring two to three days to reach an approxi- 
mately even level for percentage elimination of drug intake, wdiicli is explained 
by retention in the tissues during the initial treatment.®’ ® That this is true is 
substantiated by further urine data from both animals. In a forty-eiglit-hour 
period elimination witli intake limited to the firet twenty-four hours, elimination 
'3 higher than the previously establislied level and even in excess of the intake. 
This indicates a drainage of the drug out of the tissues. On the succeeding 
days of treatment this is followed first by a lowered elimination rate, indicating 
retention by the tissues, and tlien by an increased elimination approximating 
Ihe former rate. These similarities indicate that the kidneys functioned effi- 
ciently in both animals. 

The picture of tlie blood was not so uniformly similar. Tlie trend to con- 
jugation tended to be higher for rabbit 39 than for rabbit 37. Tlie amount 
ef drug in the conjugated form was also generally higiier, especially during the 
last several days, when it rose to above 10 rag. per cent in rabbit 39, wliile in 
fabbit 37 it seldom rose above 5 mg. per cent nor did the blood Picture in rabbit 
’17 change appreciably during tlie later period of observation (Fig 3). The 
difference in the amount of free drug in the blood was not marked at any time. 
On the whole then, while the amount of total drug was higher m 
in rabbit 37, especially during the last several days of its life, this difference 
Was due essentially to a lugKer level of the conjugated rug. 
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Cipall, t; a 

r r=i- 

oiz-ealation from tlie focus of infection and that death was due to taemr'Hot! 
ever .t seems to „s that tl.e tosic effect of the greater amount of the drug if . 



Fiff. 3. Maximum and minimum blood levels of total and free sulfanilamide in rabbits infected 

'with beta liemolytic streptococcus. 

Treatment With 1.0 Gm. of Sulfanilamide Per Bay. — Tb^o series were used 
m this group. In the first of these, series II, one of the controls and one of the 
treated animals recovered. The control Avas definitely infected as judged 
by temperature and lesion. In the other rabbit, infection was apparently 
localized since the blood Avas sterile and the temperature became normal 
after two days of treatment. The blood level Avas high on the first day of 
treatment, 18.2 mg. per cent, but dropped to about 4 mg. per cent, a level 
lower than in the preceding series in Avhich only half as much drug Avas ad- 
ministered. Conjugation and elimination Avere comparable to Avhat Avas 
found in the preceding series. The amount of the conjugated drug in the 
blood Avas above 5 mg. per cent in only the first spechneu. The death in the 
other control Avas no doubt due to the infection, as indicated by the tempera- 
ture, the nature of the lesion, and the detection of streptococci in the lesion and 
in a liver abscess. The other treated animal died after tAvo days of treatment. 
Streptococci Avere found in the lesion but not in the blood. IIoAvever, it is 
probalile that the progressive accumulation of the drug in the blood, rising to 
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about 32 mg. per cent on tlie second day, had a severely toxic effect on the 
animal and probably -was a contributory factor in causing death. The amoiuit 
of conjugated drug in the blood was only about 5 per cent of the total, a very 
low conjugation, but in the urine it ro.se to an average of 25 per cent of the 
total. 

In the other series of this group, series III, all the animals recovered. 
The two treated animals, rabbits 41 and 42. recovered after treatment over 
a period of three weeks. 



fig. 4. — Maximum and minimum blood Icvol? of total and conjugated sulfamlamidc In rabbits 
infected with beta hemoh tic streptococcus. 

Blood and urine data are given for I hr first period of treatment. Table 
IV and Fig, 4 ijresent tlic complete pielure for the drug in tlie blood during 
the first two weeks of treatineiit. Rabbit 42 recovered more quickly than rabbit 
fl) althongli both niaximuni and mininiuiii blood levels were lower in the 
former. Tlie conjugation was strikingly different, uniformly low in rabbit 
■11, scarcely rising above 5 per cent of the total at any time, and uniformly 
much higher in rabbit 42. Conversely, the amount of free drug in the blood 
■n rabbit 41 were uniformly high and relatively jniicli greater than in rabbit 
12. Whether this relatively higher level of free drug in rabbit 41 had any 
hearing on its slower recovery and manifestation of symptom.? of toxic poison- 
hig, iiieluding a temporary anemia, is uncertain. At any rate, tliis should be 
home in mind along witli the contention that free sulfanilamide is therapeu- 
tically more effective and that the conjugated drug is more to.xic. 

Elimination data are strikingly similar. There was an initial lag in re- 
covery of the intake, then a rise up to a fairly even rate. During seventy- 
t'vo hours of elimination subsequent to complete cessation of intake, almost 
Identical amounts were recovered in the urine. This appears to represent the 
approximate amount of drug retained in the body during continuous treatment 
at the given dosage of the drug. Finally, a higher percentage of conjugated 
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Table IV 

(Intake Streptococcus Ixpection 

( diu„ 1.0 Gm. per day = approximately 0.5 Gm. per kg. of body freight.) 


DAYS 

■ruE.VTED 

TIME 

OP 

fJLOOD 

SPECI- 

MEN 

RABBIT 41 (RECOVERED) 
SULFANILAillDE 

RABBIT 42 (RECOVERED) 
SULPANIIuVMIDE 

IN 

BLOOD 

1 IN URINE 

IN 

BLOOD 

1 IN URINE 

TOTAl 

MG. 

PEf; 

100 

ML. 

PEU 

CENT 

CONJU‘ 

GATED 

COL- 

LEC- 

TION 

PE- 

RIOD 

HOURS 

i 

PER 

CENT 

CONJU- 

GATED 

TOTAl 

MG. 

PER 

100 

ML. 

' PER 
CENT 
CONJU' 

CIATED 

COL- 

LEC- 

TION 

PE- 

RIOD 

HOURS 

RECOV- 
ERY OF 

INTAKE 

PER 

CENT 

PER 

CENT 

CONJU- 

GATED 

1 

A.M.* ' 












P.M. ’ 

lii.ilo 

1.1 



17.5 

16.4 

19.S 

24 

47.1 

53.6 


A.M. 

5.20 

- 




1.04 

44.3 





P.M. 

IS.8 

4.3 

24 

47,5 

21.5 

15.15 

25.4 

24 

70.7 

58.6 

o j 

A.M. 

3.2S 

l.S 




0.97 






P.M. 

17.4 

1 1-7 

1 j 

74.3 

15.9 

15.6 

26.6 

24 


60.4 

4 

A.M. 

ii.67 

6.3 




1.13 

33.6 


69.9 j 



P.M. 

17.3 


24 

62.3 

19.1 

10.5 

34.2 

24 

56.5 

57.0 

5 

xV.M. 

5.21 

0.(5 





■nnma 





P.M. 

16.95 

0.0 

24 

59.2 

16.3 

15.513 


24 

59.3 

56.8 

6 

A.M. 

9.25 

3.4 









i (SJ S 

No treatment 

on 6tli, 

72 

S4.6 

20.7 

No tre.Ttment 

72 

83.5 

5S.4 


7th, 1 

and 8th days 




on 6th, 7th, 











and 

Sth 











days 





9 

A.M. [ 

- f 

- 



I 

- 1 

- 





P.M. ) 

15.6 ) 

3.9 

24 

55.1 

lo.n 1 

17.23 j 

48.2 

24 

44.8 

58.0 


*A.M. = morning specimen, 
p.M. = evening specimen, 


t\v 


ignieen lo twenty hours alter last aose iminlmum biooa levei;. 
ro and one-lialf hours after last dose (maximum blood level). 


T.\BLE V 

SULFANlLAJitlDE IN BLOOD AND TIKINE OP RABBITS: STKEPI’OCOCCOS INFECTION 
(Intake of drug 2.0 Gni. per day = approximately 1.0 Gm. per kg. of body weight.) 


RABBIT 10 (DIED, DRUG DEATH?) 


SULFANILAMIDE 


DAYS 

TREATED 

TIME 

OF 

BLOOD 

SPECI- 

MEN 

IN 

BLOOD 

I IN URINE 

TOTAL 

MG. 

PER 

100 

ML, 

PEPv 

CENT 

CONJU- 

GATED 

COL- 

LEC- 

TION 

PE- 

RIOD 

HOURS 

lEECOV- 
EKY OF 
INTAKE 
PER 
CENT 

PER 

CENT 

CONJU- 

GATED 

1 

A.M.* 

- 

- 


- 

- 


P.M. 

- 

- 

_ 

- 

- 

2 

A.M. 

3.72 






P.M. 

19.11 

27.8 

24 

38.8 

64.1 

o 

O 

A.M. 

5.71 

77.2 





P.M. 

26.15 

33.4 

24 


62.0 

4 

A.M. 


95.1 





P.M. 

24.6 

56.5 

24 

15.8 

61.2 

5 

A.M. 

13.5 

69.2 





P.M. 

37.9 

_ 

24 


72.7 

6 

A.M. 

33.7 

76.9 


1 




No treatment 

after 

5th dayj died 



two days later 




RABBIT 30 (DIED, DRUG DEATH?) 


IN 

BLOOD 

TOTAL 

PER 

MG. 

CENT 


CONJU- 

GATED 

ML. 

_ 

— 

22.5 


i^a 

S3.S 

31.2 

36.5 

9.4 


KitKa 

37.2 j 

16.8 

86.6 

48.6 

27.1 1 

No treatment 

on 5th day 


SULFANILAillDE 


IN URINE 


COL- 

LEC- 

TION 

PE- 

RIOD 


l!ECOV 
Iery OF 
INTAKE 
PER 
CENT 


21 

24 

24 

48 


24.4 

1.1 

0.9 

93.2 


PER 

CE.VT 

conju- 

gated 


35.6 

51.0 
GS.O 

52.0 


/leU Live/ Utt/O AMACA 

toxic effect of the drug 


•A-M. = specimen eighteen to twenpr hours after ast uose 
p jt = specimen four and one-half hours after last aose 
half hours after last dose for rabbit 30. 
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drug ill the urine than in the blood reflects the greater ease of the elimination 
of the conjugated form, as iireviously indicated. 

Treatment 2 Gm. of Sxafanilamidc Per Bay.—FoviV series of rabbits 
were given this treatment. In series IV, the first of this group, both controls 
recovered. One of the treated animals, rabbit 10, died after five days of treat- 
ment. Death was apparently due to the effect of tlie drug, which was poorly 
eliminated and accumulated in the blood (Table V), gradually rising to a 
level of 33.7 mg. per cent. This appears to indicate an injuiy to the eliminat- 
ing mechanism, possibly the kidneys. It should be noted that the amount of 
conjugated drug in the blood was continuously iiigh after the second day of 
treatment, rising to above 25 mg. per cent. Conjugation, on the other hand, 
seems to be in accord with the usual finding in ralibils, indicating normal func- 
tioning of the liver at least so far as this conjugating mechanism is involved. 
The other treated rabbit sliowed a tendency to accumulation of drug in the 
blood. No urine studies were made. Death was due to an accident during 
treatment. 

In series V, the .second of tliis group. l»oth controls died three weeks after 
inoculation, Hemolytic streptococci were cultured from tlie local lesions at 
autopsy. One of the treated animals died after one day of treatment. The 
infection was extremely acute, as evidenced Iiy a temperature of 106® F. Hemo- 
lytic streptococci were cultured from the local lesion and from the peritoneal 
exudate. The other animal recovered after intermittent treatment over a period 
of five weeks. Tlie characteristic picture in tins animal consisted of flare-ups 
of infection after periodic discontinuance of the drug. This phenomenon was 
observed in otlier series. Recovery from tlic infection was complete at the end 
of the experiment. Tlic drug was well handled, as judged by blood levels and 
elimination in the urine. Toward the end of the experiment a tendency toward 
accumulation of the drug in the blood was noted, along with lowered conjuga- 
tion, which suggests injury to tlic mechanism of elimination and conjugating 
power of the liver. The maximum blood levels ranged around 20 to 25 mg. 
per cent. It may be that the high level during tlie last period of treatment, 
about 30 mg. per cent for the maximum values, was responsible for the final 
clearing up of the infection. 

In series VI, the third of this group, one of tlie controls died of the infection. 
The other control recovered. In one of the animals, rabbit 24, treatment was 
continued over five weeks due to recurrent flare-ups of the infection. The drug 
was handled well during the first periods of treatment. Elimination and con- 
jugation, as judged by blood and urine values, were apparently normal at first, 
but toward the end of the experiment there was, as in rabbit 25, a tendency to 
accumulation of drug in the blood and a definitely lowered tendency to con- 
jugation. The maximum blood level values ranged around 20 mg. per cent 
during the first several periods of treatment, but tliereafter, due to tlie accumula- 
tion in the blood, they rose at times to well above 30 mg. per cent. Tlie tempera- 
ture Was subnormal for five days prior to death, and at autopsy no organisms 
could be demonstrated in the blood or from the site of injection. Death was 
undoubtedly caused by the drug. 
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The Other animal died after treatment over a period of ten days. There was 
an accumulation of the drug in the blood which was manifest from the be- 
ginning. The amonnt of the conjugated form was high throughout, rising to a 
maximum of 33.8 mg. per cent. Elimination was normal at first, but decreased 
during the last two days. Although hemolytic streptococci were demonstrated 
in the local lesion at antopsy, rve feel that death was primarily due to the drug. 

In the final series of this gronp both controls died, one of them on the 
second day after inoculation. Autopsy revealed multiple coccidial abscesses in 
the liver, as well as hemolytic streptococci in the local lesion. The other control 
died of streptococcic infection in four days. One of the treated animals, rabbit 
29, recovered (Pig. 3), but treatment had to be continued over twm iveeks, due 
to two flare-ups of infection. Maximum blood levels were high, repeatedly well 
above 40 mg. per cent. Conjugation was consistently low, so that the amount 
of conjugated drug in the blood rarely exceeded 10 mg. per cent, notwithstand- 
ing the high values for total drug. Elimination -was low, less than half of the 
intake, rvhieh probably accounts for the high blood values. It is of particular 
interest to contrast the blood levels of rabbits 29 and 37, high in one and low 
in the other (Pig. 3). They responded to treatment in about tlie same manner. 
Both had to be treated repeatedly after recurrent flare-ups of infection. The 
amount of conjugated drug wms consistentlj' Imv over the entire period of treat- 
ment and neither manifested any toxic effects. 

The other treated animal, rabbit 30, probably died from the effect of the 
drug. The lilood level rose gradually to almost 50 mg. per cent. Elimination 
was poor and for two days there ivas an almost complete anuria. 

Thus, in tliis group (series IV to VII), 5 of the controls died of the infec- 
tion. Of the treated animals, 3 recovered from the infection after repeated 
flare-ups, but one of these died from the toxic effects of the drug. All of them 
manifested a definite tendency to drug retention towmrd the end of the treat- 
ment. The death of the other 4 treated animals may be ascribed to the effect 
of the drug, associated w'ith an accumulation of the drug in the blood, a loueic 
elimination, and a definite anuria in at least one of these. 


SUiIJL\KY AND CONCLUSIONS 

1. Blood and urine studies were made on the levels and distiibution o’ 
sulfanilamide in seven series of rabbits infected w'ith hemolytic strep 

2. AH the animals received similar inoculations, but mai ce m ivi 

differences of susceptibility to the infective organism were note . „ • 

3. Eecurrent flare-ups of infection ivere observed in a numbei o 

Complete clinical cure required resumption of treatment at j 

4. A definite tendency tow’ard accumulation of the ding in le 
poor elimination ivas noted in the majorit 3 ' of the treate aninia s an 
contributory ca„« ot death in .at least 5. In all the ammals in "' ■■f “ ^ 
„„s a definite factor in eansins death, the level of the eon, ..sated to.... 

"’t MofLorable rcs..l,s in the t.ea..,.e... of i, .faction were obtained with 
the highest dosage used, approximately 1 Om. per kilogiam o i 3 
a drug level ranging between 20 and 30 mg. per cent. 
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6. For a given intake of the drug the elimination in the urine reaches a 
maximum level within two or three days after the beginning of treatment. The 
conjugated drug is more readily eliminated than free sulfanilamide, irrespective 
of the level in the blood. 

We wish to express our appreciation to Professors Randle C. Rosenbergor and George R. 
Bancroft whose interest has made It possible to cairy out tills investigation. 
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THE CALORIGENIC ACTION OF AmiONlUU SALTS IN 
THE HUMAN SUBJECT- 


R. C. Herrin, Ph.D., M.D., Madison, AVis. 


G RAFE* reported liis studies of the specifie dynamic action of protein in 
rabbits, dogs, and men. He considered ammonium carbonate, ammonium 
chloride, acetamide, and asparagine per gram of nitrogen comparable to 
glycine and alanine in increasing hciit production. He concluded that the 
nitrogen of amino acids was the principal factor in their specific dynamic 
action and the eombustile fraction was secondary. Of the substances he 
tested, ammonium chloride had a much greater calorigenic effect than the 
amino acids. Lundsgaard^ compared the calorigenic action of sodium and 
aumiouiun^ glyeocollate to that of glycine and that of sodium and ammonium 
lactate to that of alanine in normal conscious dogs. He reported that the 
sodium salts had slight effect, while that of the ammonium salts was very 
similar to that of tlie corresponding amino acids. This report is an extension 
of Lundsgaard's studies in the human subject. 

•From the Department of Physiology, University of Wisconsin iledfcal School. Madison. 
Received for publication, October 13, 1939. 
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Table I 

Effect op Amino Acids and AiuroNiusr and Sodium Salts of the Corresponding Acids 

Upon Oxygen CoNSUiiPTiox 


SUB- 

JECT 


TEST SUBSTANCE 


OXYGEN CONSUMPTION 


BASAL 

C.C. 

PER 

MIN. 


PER CENT INCREASE ABOVE BASAL 


minutes AFTER INGESTION OP 
DRUG 


30 


60 


90 


120 


AVERAGE OF 
MAXIMDJI 
INCREASE OP, 
ALL TRIALS 


NUMBER 

OF 

TRIALS 


N 


B 


Me 


Alanine 

Alanine 

Ammonium laetate 
Ammonium lactate 
Sodium lactate 
Sodium lactate 
Repeated basals 


220 

200 

209 

209 

208 

218 

202 


12.6 

15.5 

3.1 
13.0 

S.4 

1.2 
2.8 


15.7 
20.2 
11.1 

21.7 
8.4 
1.2 
0 


5.2 

20.0 

13.0 

3.0 

6.3 
0 


Alanine 

.Alanine 

Ammonium lactate 
Ammonium lactate 
Sodium lactate 
Sodium lactate 
Repeated basals 


214 

212 

220 

220 

209 

212 

213 


25.3 

11.1 

S.2 

7.5 

5.7 

9.0 

0 


Alanine 

Alanine 

Ammonium lactate 
Ammonium lactate 
Sodium lactate 
Sodium laetate 
Repeated basals 


236 
228 

237 
236 
228 
244 
229 


1.2 

17.1 

20.9 

0 

9.0 

0 


Glycine 

Glycine 

Ammonium acetate 
Ammonium acetate 
Sodium acetate 
Sodium acetate 


216 

203 

212 

211 

221 

233 


S.7 

13.3 

11.2 

7.5 

8.5 
0 


Glycine 

Glycine 

Ammonium acetate 
Ammonium acetate 
Sodium acetate 
Sodium acetate 


222 

211 

226 

241 

213 

227 


8.1 

4.7 

1G.3 

2.1 

8.9 

0 


Glycine 

Ammonium acetate 
Ammonium acetate 
Sodium acetate 
Sodium acetate 


195 
200 
181 

196 

197 


8.9 

9.9 
l«i.O 

0.1 

0 


11.1 

18.0 

5.7 

3.1 

0 


34.0 
8.4 

13.4 

18.0 

5.7 

5.8 
0 


5.2 

11.6 

16.0 

13.8 

5.7 

6.8 

2.5 


■ 0 

7.4 
19.9 
11.0 
12.2 

4.5 
2.3 


12.0 

13.3 

11.2 

7.5 

4.5 
0 


10.1 

12.3 

11.2 


-4.2 


S.l 

13.7 

17.4 

8.9 

4.5 

3.5 

19.8 

19.9 

5.9 
0 


8.1 

9.0 

9.9 

12.2 


3.5 

23.4 

8.8 

0 

5.1 


2.1 

15.5 

11.1 

0 

7.6 

5.6 


9.1 
8.4 

5.6 
13.0 

8.4 

3.1 

5.7 


1.2 

7.4 

9.7 

13.8 

9.6 

6 

0 


12.5 


17.8 

20.5 

10.1 


22.5 

13.6 
6.7 


6.5 

18.2 

11.1 


12.6 

7.9 

5.0 


10.9 

14.6 

11.4 


6.0 

16.3 


EXPERIMENTiVL PROCEDURE 

The oxygen consumption of 6 normal medical students was 
Benedict-Sanborn metabolism maebine. The subjects I'Cie 
breathing through the apparatus before data collection began, ^ thifb'- 

made in the morning at least fifteen hours after the last raea an 
minute rest upon a cot. The basal oxygen consumption tvas 
the test substance was administered oraily m 'o e.e. oi ninet}^ and one 

molar. The oxygen consumption was then measured tliiity, alanine 

hundred and twenty minutes after ingestion of the test su tempera- 

was a racemic mixture. The basal oxygen values were cone 
ture and barometric pressure. 
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Control observations were made by the ingestion of 75 c.e. of water an 
isoraolai amount of sodium bicarbonate or sodium chloride, or repeated basaLs 
WI .out he ingestion of any substance. The psychic reactions to the administra- 
tion of these substances were very slight. 


To conserve space only representative data are presented in Table I, together 
nth the average maNimimi increase for each substance. The maximum varia- 
lon m ,e controls with water and repeated basals never exceeded 4 per cent 

chL”: ftn bicarbona; and 

hand the r “ 1 “ ^ ^ On the other 

than ’tint ainmonium lactate was 89 per cent greater 

greater 'than tTal' nf "r “‘■‘‘tate was 138 per cent 

tlian the ' ' ^ aaatate. The aiiiinoninm salts were more effective 

effe t vl "‘■''■f- ‘'’‘= to the 

thi.lv ■'*'1'"''^ *“ ”’*"“tes, and to the sodium salts at 

of takir‘tl 1 “ offoet.s 

lea 11 “ * Ttie duration of the response was greatest for alanine 

the eff I’oing 120 niinutes or more For the sodium salts, 

e effect seldom lasted longer than eighty minutes. The urine output in the 
0 ours after talcing the salts ivas always less than after the amino acids. 


DISCUSSION’ 

liiimJ.!''i *'‘ot ammonia exerts a definite ealorigeiiic effect in the 

thfi '1 well be considered as additional evidence supportin'*- 

tioi/ T . others^ that the ammonia arising from the deaminiza” 

pi-otP^ responsible for the specific dynamic action of 

crp t”!* the sodium salts of acetic and lactic acids had no 

res’ll f than the bicarbonate or chloride. This might indicate that the 
th *t th ‘deaminization has no appreciable specific calorigenic action and 
^ e effect of all the sodium salts in these experiments could he ascribed 
to changes. The shorter latent period for maximum response 

e sodium salts than for the ammonium salts supports this idea. 

I ^“echanism by which ammonia exerts a calorigenic action is unknown, 

It has been demonstrated to exert effects upon the metabolism of tissues in 
• 10 . Annau^ and Edsoii^ reported that ammonia increased the rate of aceto- 
l^ce ic acid formation in liver slices. Edson found that ammonium chloride 
‘■ici eased the respiration of kidney tissue, had no effect upon brain or spleen, 
311 slightly inhibited the striated muscle. Krebs" has reported that in the 
seiice of glutamic acid, kidney and nervous tissue take up large quantities 
ammonia to form glutamine. In the brain and retina the quantity of am- 
amnia disappearing exceeded the amount of amide nitrogen formed. Neber’ 
as shown that surviving rat liver forms large quantities of amino nitrogen 
eii ammonium pyruvate is added. Since the formation of the amino acids 
Pioeeeds in the absence of oxygen, the reaction must be exothermic. Krebs 
and Henseleit" reported that urea formation from ammonia in liver slices re- 
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qmred tissue respiration. Borsook and Jeffreys,® after theoretical considera- 
tions, decided that urea formation from ammonia could not occur spon- 
taneously but must depend upon an energy-yielding reaction. Some of these 
reactions or effects might have occurred in our experiments and caused either 
directly or indirectly increased heat production. 

The responses of subject J to the ingestion of alanine were only 2.4 and 
5.2 per cent increase, but when the amount of alanine was doubled, the per 
cent increase was 11.8. About six months after these experiments, the sub- 
ject’s physical complaints led to the diagnosis of a moderate degree of diabetes 
mellitus. In this connection it is interesting to note that Grafe found that the 
administration of 50 Gm. of glycine to a depancreatized dog resulted in a 10 
per cent decrease in oxygen consumption and carbon dioxide production. 


SUJIJIARY 


In 3 normal subjects, witli a dosage of 0.133 molar, the ingestion of alanine 
produced an average increase in oxygen consumption above the basal value of 

14.6 per cent ; ammonium lactate 17.4 per cent and sodium lactate 9.2 per cent. 
In 3 other human subjects the ingestion of glycine produced an average increase 
in oxygen consumption above the basal level of 9.8 per cent, ammonium acetate 

13.6 per cent, and sodium acetate 5.7 per cent. Isomolar doses of sodium 
bicarbonate and sodium chloride caused oxygen consumption to be increased 
on the average of 10.7 and 9.9, respectively. 

The comparable calorigenic effects of these ammonium salts to the cor- 
responding amino acids, alanine, and glycine are in agreement with the studies 
of Grafe and Lundsgaard. The marked difference in the calorigenic effects of 
the ammonium and sodium salts might be interpreted to mean that the specific 
dynamic action of amino acids is due to their amino group and not to then 
non-nitrogenous fraction. The similarity of the calorigenic effects of fte 
sodium salts of either organic or inorganic acids, and the shorter latent peiio 
for maximum response, might be attributed to osmotic effects rathei t an o 
oxidative processes. 
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THE TOXIC EFFECTS OF SUCF.VXILASIIDE UPON TISSUES OF EATS“ 


II. A. D.uis,t 3I.D., L. C. H.vnnis, 5I.D., and H. C. Sciimeisser, M.D. 
IIeiifhis, Texn. 


Tfn '“to tlierapeutie.s ot pronto-sil I by Domagk' in 1935 was 

0 owed by widespread clinical and c.xperinicntal investigations which have 
conhrmed Domagk ’s original observations. In 19.35 Trefouel, Nitti, and Bovet= 
came to the conclusion that it was the sulfonamide grouping which was respon- 
sible for the therapeutic activity of iirontosil I. Their work was confirmed in 
1936 by Goissedet. Despois, GailUot, and .Majer,' Buttle. Gray, and Stephenson, - 
Uey and Girard," and Colcbrook and his eo-workers.'' Tiie reduction of prontosU 
1 and II was accomplished by Bliss and Lons' in 1937 Shortly thereafter, it 
was demonstrated (Fuller®) that the oral or parenteral administration of 
prontosil I and II or of sulfanilamide was followed by the appearance of free 
sulfanilamide and acetyl sulfanilamide in equal proportions in blood and urine. 
Considerable success has attended the use of these compounds in streptococcal, 
meningococcal, and gonococcal infections in iiuman beings. Much speculation 
nas arisen regarding the mechanism of the therapeutic activity and, in Table 
Ii is presented a brief summary of the hj'pothesos wliicli have been put forward 
by various workers. 


Tadle I 


Views Coxcerni.vg Mode of Action- of Suefan-ilamide 


ACTION UPON SIICROORGANISil 

ACTION’ UPON HOST 

!• ^actenoatasis (Colebrook et al.: Bliss and 
0 • 

— Inhibition of formation of hemolysins and 
negatively cbemotactic sulistances (Lev- 
nditi and Vaisman: ileyer: Osgood and 
Brownlee) 

3. Interference with capsule formation or 
capsule destruction (Levaditi; Lyons) 

• Interference with p^otein-dige^^^ng en- 
_ ^mes (Lockwood) 

Bactericidal (Frankl) 

1. Activation of piiagocytic activity of cells 
(Domagk) 

2. Stimulation of reticulo-endothelial system 
(Burgers; Gley and Girard; Levaditi and 
Vaisman) 

3. Combination of sulfanilamide with body 
protein rendering it unfit medium for 
microorganisms (Levaditi) 


It has become apparent from widcl 3 ' scattered experimental and clinical 
reports that sulfanilamide and related compounds possess a definite toxicitj’ 
both for man and for the lower animals. The toxic dosage in different species 

•r'rom the Department of Pathology, University of Tennessee College of iledlclne. 

Received for publication, October 2, 1939- 

^^^'^mary report of present study was made before the American Society for Experi- 
Ratholog>', Baltimore. March. 1938. 

LoniodP**' A- Davis is now associated with the Department of Surgerj*, School of Medicine, 
ana State University, New Orleans, La. 
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of animals, and even in different individuals of the same species, varies. The 
present investigation has been undertaken to determine the pathologic changes 
in the tissues of rats following prolonged and excessive administration of sul- 
fanilamide. 


TOXICITY OP SULFANILAMIDE 

Much uncertainty still exists regarding the maximum tolerated dose and tlie 
minimum lethal dose of sulfanilamide in various animals. The tolerated amount 
in mice has been placed at 2.5 6m. per kilogram (Buttle, Gray, and Stephenson^), 
0.9 Gm. per kilogram (Long and Bliss®), 2 Gm. per kilogram (Eaiziss, Severac, 
and Moetscld®), 2.5 Gm. per kilogram (Whitby”), and 3 to 4 Gm. per kilogram 
(RosenthaB®). In rabbits the maximum tolerated dose has been found to be 
1 Gm. per kilogram (Trefouel and co-workers®), 5 Gm. per kilogram (Nitti and 
Bovet^^). The fatal dose in mice varies from 3 Gm. per kilogram (Raiziss, 
Severac, and Moetsch®®) to 7.5 Gm. per kilogram (Whitby”), and 10 Gm. per 
kilogram (Buttle, Gray, and Stephensoid). 


Table II 


Summary op Toxic Effects op Sulfanilamide 


HUMAN BEINGS 

LOWER ANIMALS 

1. Nausea 

1. Spasticity of extremities 

2. Vomiting 

2. Excitability 

3. Dizziness 

3. Vestibular dysfunction 

4. Malaise 

4. Ataxia 

5. Headache 

5. Diminished reflex, excitability 

fi. Dermatitis 

6. Motor paralysis 

1. Angioneurotic edema 

7. Partial narcosis 

2. Maculopapular 

8. Hypothermia 

3. Morbilliform 

9. Cardiac depression 


10. Pall of blood pressure 

S. Acidosis 

11. Loss of weight 

9. Leucocytosis 


10. Hemolytic anemia 


11. Agranulocytosis 


12. Methemoglobinemia 


13. Sulfhemoglobinemia 


14. Jaundice with decrease in liver function 


15. Acute yellow atrophy of liver 


16. Peripheral and optic neuritis 


17. Nephritis 

' 


The toxic symptoms in these animals varied (Table II) - spastieitj ° 
extremities, excitability, incoordination, vestibular dysfunction, ataxia, s 
lence, lessened reflex excitability, motor paralysis, deepened I’esp^a 
partial narcosis. A reduction of the body temperature and o ® ^ 
quotient has been noted in rats. Large intravenous doses pio uce a 
pressure which is associated with a direct depressant ae 
muscle and a dilatation of the visceral blood vessels. ese human 

an acute nature and do not resemble the symptoms of toxicity seen m hum 

Various toxic manifestations have ^"itTserierS^SSS patients 

to the administration of sulfanilamide (Table i j- ability to 

Long, Bliss, and Feinstone^® observed dizziness, ea 
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concentrate, nausea, and vomiting in many. A considerable number of these 
patients demonstrated the presence of cyanosis -witli or -without methemo- 
globinemia and sulfhemoglobinemia. Acidosis associated with hyperpnea and 
a lowered carbon dioxide combining power of the blood occurred in 3 per cent 
of the patients. Jaundice accompanied by a diminution of liver function was 
2 >rescnt in one. Skin rashes were noted in 1 per cent of the patients and fever 
in 6 per cent. They found that a chronic hemolytic anemia developed in a 
considerable number, while acute hemolytic anemia was seen in 3 per cent of 
their series. Agranulocytosis was found in one patient. Fatal agranulocytosis 
has been reported by several observci-s (Young Plumer,'^ Berg and Eoltz- 
inan,^® 0 ’Connell, Schwartz and co-workers."® Shccket and Price, and others) . 
Death from acute yellow atrophy of the liver, as a result of the administration of 
sulfanilamide, has been reported (Cline-*). Peripheral neuritis (Ornsteen and 
Furst*®) and optic neuritis (Biiej’**) have been ineluded among the toxic 
manifestations. 

5IETHODS 

A series of 80 white rats, each weighing from 200 to 250 Gm., were used 
in this investigation. Of these, 40 served as controls and the remainder were 
divided into 4 groups of 10 rats to each group The animals were observed for 
a period of two weeks before being used, and all mdiealthy ones were discarded. 
An adequate amount of water and food was provided. Sulfanilamide,* in a 
10 per cent suspension in sterile doubly distilled water, was injected beneath 
the skin of the anterior abdominal wall daily over a period of three months. All 
equipment used was sterilized before each injection, and every effort was made 
to maintain a reasonable degree of sterility. The following dosages of sulfanil- 
amide were used: B group received 0.5 Gm. per kilogram of body weight; C 
group received 1.0 Gm. per kilogram; D group received 1.5 Gm. per kilogram; 
B group received 2.0 Gm. per kilogram. At intervals of ten days from the com- 
mencement of the experiment, one animal from each group was killed by a blow 
upon the head. The tissues w'erc immediately removed and placed in a 10 per 
cent formalin solution, or in absolute alcohol (wliere glycogen stains were to be 
made). The tissues were embedded in cclloidin, and the following stains were 
used; hematoxylin-eosin, Best's carmine stain for glycogen, Mallory s stain for 
iron, scarlet red stain for fat. 


RESULTS 


Shortly after the injections were made the animals exhibited a marked 
disinclination to movement and remained stationary in one corner of the cage. 
Some of the rats, however, appeared to be unaffected by the sulfanilamide and 
remained active. Many showed a considerable degree of thirst during the first 
few days of injection. No exact data were obtainable concerning the amount 
of water intake and output, but our observations indicated an increased water 
intake during the earliest periods of the administration of the drug. By the 
end of the first week, however, a normal level of water intake had been at- 


. , ’We arc Indebted to the Medical Rescaroh Indianapolis. Ind., for 

Kindly supplying us with the sulfanilamide used in this investigation. 
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1.— 4, Subcutaneous tissue of anterior abdominal wall (X175). Foreign body reaction 
formation. B, The same specimen (X625). Sulfanilamide crystal lying within 
giant cell, c. Rat : necrosis of skin of anterior abdominal wall. 


tained. Some of the animals revealed a considerable degree of cyanosis of the 
mucous membranes of the mouth and tongue, which apparently was not re- 
lated definitely to the amount of sulfanilamide given. It soon became ap- 
parent that the greatest reaction to the sulfanilamide was exhibited during 
the first few days of the injection and, if the animal could withstand the toxic 
action during this period, it was likely to survive indefinitely. It was found 
to be possible to increase the tolerance to the drug gradually, so that in some 
animals as much as 6 Gm. per kilogram were injected without harmful results 
ensuing. The mechanism of this induced tolerance is unknown. Anothei ac 
tor, which became evident, was the individual idiosyncrasy of these anima s 
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sulfanilamide. Some exhiliited a reaction to the smallest amount given and 
others v-ere apparently unaffected even hy large amounts. Most of the animals 
slmwed a moderate weight loss whieb beeanie aecentnated wlien, and if, necrosis 
uecuiTcd ut the site of injection. 

Pathology at Injection Site . — The subcutaneous deposition of the amorphons 
crystals of sulfanilamide resulted in changes, both in the crystals and in the 
surrounding tissue. After a few days the crystals began to disintegrate into 
smaller needle-shaped particles and, finally, into a granular appearing mass in 
u'hicli all traces of a crystalline structure had disappeared. Complete disap- 
pearance of the injected material took plaec relatively slowly, and traces were 
still present as long as two months after the final injection. The first local re- 
sponse to the introduction of the sulfanilamide into the tissue was a marked 
infiltration by inflammatory cells, most of which were wandering mononuclear 
cells and Ijunphoeytes, This was followed by proliferation of the local histiocytes 
and fibrous connective tissue cells. Numerous giant cells of the Langhans type 
formed, and in many of these could be seen crystalline and granular material. 
The proliferating fibroblasts showed the presence of frequent mitotic figures 
(Fig. 1, A and B). A moderate degree of tissue eo'^inophilia was also evident. 
This foreign body response in the tissues varied in each animal quantitatively 
hut not qualitatively. It was most apparent during the earlier periods of injec- 
tion of sulfanilamide. After a period of two montiis e.xamiuation of the injection 
site revealed the presence of adult fibrous eonneelive tissue showing few mitotic 
figures. A moderate number of mononuclear cells was scattered throughout the 
tissue. Giant cells were absent or few in number Moreover, practically all the 
injected sulfanilamide crystals had been removed. Necrosis occurred at the site 
of injection in several animals and was usually associated with a moderate grade 
of infection (Pig. 1 , C). 


Table III 

Blood Picture in Control Hats 


GROUP 

red blood cells 

HEMOGLOBIN WHITE BLOOD CELLS 

GM. 

A-3 

0,250,000 

14.8 2,000 

A-4 

5,550,000 

16.8 4,400 

A*5 

6,700,000 

IG.O 3,520 

A-G 

6,400,000 

16.2 3,950 

A-7 

5,250,000 

13.6 2,900 

A-8 

6,100,000 

16.1 4,500 

A-9 

5,250,000 

13.5 2,300 

A-10 

5,600,000 

12.8 3,100 

Averaffe 

5,887,500 

15.03 3,333 


Blood Picture . — Complete blood studies were made in many of tlie control 
series and in most of the sulfaiiilamized rats. Blood was obtained in both 
series of animals in an exactly similar manner, by killing the rats and taking 
blood directly from the heart. It will be noted (Table III) that representa- 
tive data indicate that, in normal rats, the erytiirocytcs vary from 5,250,000 
per em. to 6,700,000 per cm., with an average count of 5,887,500 per cm. The 
bemoglobin varied from 12.8 Gm. to 16.8 Gm. per 100 c.c. of blood, with an 
iiverage of 15.03 Gm. per cent. The Icneocyte count varied from 2,000 per 



1268 


'TOE JOURNAL OP LABORATORY AND CLINir^r 
cm. to 4,500 per em wit5 “ 

-ats revealet, a deflaite Vif'' 

Slob.,.. Tide t.ed„eti„„ „a direetlT ,11 ! 1 'b* h«o- 

am,de giyea (Table IV). Howeve. IT , "1 

the drag was present, bat was evidently nlolo ,,‘111 .« 

these aamals the anemia was qaite self Th “'“‘“'‘‘““S'- ^ ,,„,„e „f 
.oast be subjected to e.vami„atiol Two ■, . • "'“’’•m™ of this aaeaa), 
a dmect action of sulfanilamide upon tL la ““ (0 

marrow; (2) a direct hemolytic actl T elements in the bone 

oytes. Evidence will be presenH. !a * m'e“lating erythro- 

that this anemia is hemolytic in T 1’“'’“' 'ebml. supports the view 

i-egarding the leucocyte count , data (Table IV) 

average count indicats a Id 1 T™' ™la "■« 

fact that with B group of rats (0 5 farther analysis discloses the 

s oap .ats (0.5 Gm. per kilogram) the count is unaffected. 

Table IV 

INFLUENCE OF SULFAyiLAiflDE UpON BlOOD OP EaTS 


GROUP 


B-1 
B-2 
C-2 
C-4 
D-2 
D-3 
D-4 
B-S 
E-2 
E-g 
Average 


RED BLOOD CELLS 

hemoglobin 

GM. 

WHITE BLOOD. CELLS 

4.500.000 

3.700.000 

5.200.000 

5.350.000 

4.800.000 

3.700.000 

4.950.000 

5.350.000 
( 2,300,000 

3.900.000 

4.375.000 

13.8 

13.2 

13.2 

14.S 

12.0 1 

10.2 

13.1 

15.0 

11.0 

12.0 

12)83 

3,200 

3,520 

1 5,200 

8,000 

I 5,400 

3,100 

6,400 

6.400 

3.400 

3,100 

4,772 


C ' 

§touTd shows a definite leiieocytosis, as does also 

the count B hdogram). However, in group E (2.0 Gm. per kilogram) 

dosage is i ^mied to normal or slightly below normal. Apparently, 

leucocvtos' inasmuch as moderate amounts of sulfanilamide cause 

tentative amounts return the count to normal or lower. The 

cells mor niight be drawn that sulfanilamide affects the red blood 

of tori than the white blood cells and that the earliest evidence 

^ Cl y IS a leucocytosis and later a leucopenia. 

at the°”^ The bone marrow was obtained by sectioning the left femur 

in most ^ niiddle and upper thirds. The changes found were sliglif 

ro ^ 1 ^ ^ild hyperplasia of the myeloid elements of the bone mar- 

th^ number of megakaryocytes (Pig. 2, A) occurred. No 

er sij,ni^ cant altei’ations were present. However, in one rat of the siilfanil- 
araize senes the bone marrow revealed a definite arrest of maturation of the 
mye oi ce Is (Pig. 2, Ji) . These cells were seen to consist mainly of mj'eloblast.s 
an eaily mj^locytes. No lobing of the nuclei could be detected, and there was 
a complete absence of mature polymorphonuclear leucocytes. This bone marrow 
also revealed a decrease in the number of megakaryocytes. The total eellularity 
of the marrow was not diminished. 
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FIff. 2.— A, Femoral bone marrow (X625>. Hyperplasia of iineloiil elements. B, Femoral bone 
marrow (X625). Arrest of maturation of cells 

Spleen . — Tlie spleen exliibited several interesting? eliaiiges. In a number 
of animals, one or more nodular protuberances occurred upon the surface of the 
splenic capsule (Fig. 3, A). Tliese consisted of a proliferation of young fibro- 
blasts in which small amorphous crystals could be found. Occasionally, a foreign 
body giant cell, containing a crystal, was noted, as wa.s also a mild infiltration 
by mononuclear cells and eosinopliile leucocytes (Fig. 3, B). Tlie mechanism 
of the crystal deposition will receive coniineiit later FaVamiiiation of the splenic 
pulp revealed a hyperplasia of the reticulum and endothelial cells of varying de- 
ffi'ee. In only 3 animals was this marked; in these the hyperplastic cells ap- 
peared to be causing some compression of the blood spaces (Fig. 3, C). In 
several animals areas of focal necrosis were present and appeared to favor the 
centers of the IMalpighian bodies. In such foci the cells were swollen or dis- 
integrating with karyolysis and karyorrhexis of the nuclei and secondary in- 
vasion by polymorphonuclear leucocytes (Fig. 3, D). In the spleens of both 
Ibe control rats and the sulfanilamized rats there was present a brownish pig- 
fiient, lying in the form of granules within the reliculo-endothelial cells. How- 
‘^ver, greater amounts of this pigment were found in the spleens of the sulfanil- 
amized animals. Appropriate stains indicated that this pigment contained iron 
J*iid was probably derived from the breakdown of erythrocytes. The presence of 
miernia and the occurrence of iron-containing pigment in the spleen point to an 
excessive destruction of red blood cells. It is not possible to state, from data 
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Pig. 3. — A, Capsule of spleen rxi75I Pibroblastic nodule with crystal deposition. B, The 
same specimen (X625). O, Spleen (X 175) - Hyperplasia of reticulum and endothelial cells. 
u, spleen (X175). Necrosis in Malpighian nodule. 


obtained, whether or not this red blood cell destruction is due to a direct effect 
of siilfauilamide or to an excessive splenic activity in this direction. In one lat 
the spleen showed extramedullary hematopoiesis in the form of islands of myeloid 
cells. The significance of this finding is problematical. 

Liver . — No significant changes in the size of the liver were found in the 
sulfanilamized animals. The liver cells revealed varying grades of alteration. 
The cells were enlarged, and the cytoplasm revealed the presence of numerous 
coarse granules (Pig. 4, A). In several animals mitoses in the liver cells wcie 
increased in number. A frequent finding was the formation of iiodii es^o 
fibrous connective tissue on the outer and inner surfaces of Glisson s cajisi 
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exiSSS ^ *^*^**““4 'Sesenoratioll of hcpal.o colla: occaalor 

tioif “■ Liver (X6251 C. Liver (X62S). Focal neorosia wltircol Si 

1 X 025) . Intimal nodule urojertme into lumen of blood vessel : crystal depo 
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In' these nodules crystal deposition could be noted. Similar formations were 
present within the liver and were perivascular in distribution. Occasional 
projections from the intima of the larger blood vessels of the liver were seen. 
These were composed of fibrous connective tissue in which crystals could be 
found (Fig. 4, I>) . In several instances irregularly placed focal areas of necrosis 
of the liver cells occurred. In the earliest stages the hepatic cells became pale 
and swollen (Fig. 4, 5). Still later, an infiltration of polymorphonuclear leuco- 
cytes and wandering mononuclear cells took place into these areas (Fig. 4, C). 
Not infrequently, giant cells of the foreign bodj^ type could be seen surrounded 
by polymorphonuclear leucocytes and monocytes. No crystal deposition was 
noted in these focal areas of necrosis. The Kupffer cells of the liver were 
more prominent than usual, and manj’^ of them contained a brown pigment 
which was subsequently determined to be hemosiderin. Eepeated fat stains were 
made of these livers, but only a slight increase in the amount of stainable fat 
was present. Glycogen stains did not reveal any abnormal changes. 


Table Y 

Incidence op Tissue Alter-vtions in Sulpanilamized Eats 


TYPE OF tissue CHANGE 


NUMBER OF RATS 
I PRESENTING CHANGE 


40 

30 

15 

1 

30 

5 
4 
1 

10 

6 


PER CENT 


100 

75 

37.5 
2.5 

75 

12.5 
10 

2.5 

25 

15 

2.5 


1. Foreign body reaction at injection site 

2. Secondary anemia 

3. Myeloid hyperplasia in bone marrow 

4. Myeloid arrest in bone marrow 

5. Hemosiderosis of spleen and liver 

6. Parenchymatous degeneration of liver cells 

7. Focal necrosis of liver 

8. Focal necrosis of spleen 

9. Crystal deposition in liver, spleen, and meninges I 

10. Hj^erplasia of reticulo-endothelial cells of| 
spleen 

11. Myelopoiesis in spleen 

Zidiiey.— Examination of the kidneys revealed only minor alterations A 
moderate degree of cloudy swelling of the epithelium of tubules, particuar 
that of the convoluted tubules, was noted. The glomeruli showed no 
pathology. A mild increase of fat could be detected in the tubular epi 
by the use of appropriate stains. 

Nervous System. — In several animals there occurred microscopic pro le 
tions of fibrous connective tissue in tlie meninges. In these aieas 
small crystals, of the same type described elsewhere, weie presen . ^ ° 
significant changes were present in the brain, spinal cord, oi peiip eia 
Lungs. — A mild increase in the number of macrophage ce s vas 
the sulfanilamized animals. Several rats exhibited bionc opneun 
this was probably an incidental finding. 

Heart. — No significant alterations were found. 

Adrenal Gland. — No pathology was noted. 

COM3IENT 

It is evident from this study that the toxic definite 

manifest themselves not only in functional disturbances 
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alterations of the tissues. An examination of the literature reveals a confliet<)f 
opinion regardingf tlie tissue pathology following administration of sulfanilamide. 
An increased amount of fat has been noted in tlie epithelium of the collecting 
tubules of the Iddiieys of rats, rabbits, and dogs following sulfanilamide, but no 
oilier tissue lesions (Geiling and Cannon’-). Hawking^*^ found no lesions in 
the Iddnep or other viscera, but reported chromatolytic changes in the neurones 
of tlie spinal cord, cerebral cortex, and midbrain. Using mice, liageman^^ in- 
jected sulfanilamide both subcutaneously and iutraperitoneally in a dosage of 
1 to 2.5 Gm. per kilogram. He rejiortcd no evidences of visceral pathology, 
but noted splenic hemosiderosis and an co.sinophi]ia in tlie bone marrow. The 
intraperitoneal iiijeetions produced a foreign body reaction in the peritoneum, 
with crystals of sulfanilamide scattered throughout the area of reaction. 
Cloudy swelling of tlie tubular epitbeliuin of the kidneys and of the hepatic 
cells of rabbits has been observed (Koliiier, Urown, and Rule^®), Nelson^'' 
has reported renal changes (degeneration of tlie tubular epithelium, tubular 
<;asts, and tubular dilatation), liemosidero.sis of the spleen, degenerative 
changes in the testes and voluntary musele.s, hypoplasia or hyperplasia of the 
hone marrow, and fatty changes in the liver These eiiniiges occurred follow- 
hig the administration of fatal doses of .sulfanilamide to rabbits. He al.so 


noted that the histologic changes were even more apparent in hens, in which 
there occurred marked fatty changes in the Ii\or and kidney, hemosiderosis 
of the spleen and liver, peripiieral neun'fi.s. and hvjtoplasia of the bone marrow. 
On the contrary, other observers have been unable to find any pathologic 
lesions in either dogs or rats following sulfanilamide administration (Marshall, 
Cutting, and Emerson^®). The discordance of opinion among the various 
workers mentioned may iie due, in part, to differences of dosage, of methods of 
administration, of duration of administration, and finally, a variation in the 


lype of animals used. 


The mechanism of crystal deposition deserves some consideration at this 
point. Five possibilities present themselves: (a) Transfer of crystals from 
Ihe inoculation site by phagocytes via the blood stream, (b) Accidental intro- 
duction of crystals into a subcutaneous blood vessel at the time of injection, 
(c) Spontaneous discharge of crystals into a blood vessel in the area of injec- 
tion. (d) Accidental penetration of the peritoneal cavity at the time of injection, 
'^ith deposition of crystals upon the surfaces of the liver and spleen, (e) 
Excessive concentration of sulfanilamide either in free or conjugated form in 
Ihe lilood, with sub.sequent crystallization into various tissues. The possi- 
'filities (a) and (d) can probably be excluded. We are unable to state, 
the data available, tlie true explanation. Nor are we able to conclude 
the crystals are those of free or conjugated sulfanilamide. Undoubtedly, 
however, they are related to the administration of this substance. 


A further analysis of the tissue changes jiresented by these animals leads 
Us to the conclusion that the activity of sulfanilamide, in this respect, can be 
divided into two main types: (1) a specific action, and (2) a nonspecific 
uetion. The specific action of sulfanilamide upon the recipient tissues is 
dependent upon its chemical structure. To this type of action can be at- 
li'ibuted such tissue lesions as parenchymatous degeneration of hepatic and 
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‘ions ( 4 perpk“ia!’hTO”X'ia°a^”it““^ 'f 

Of cells). The nonspecific type of of the myeloid series 

It IS analogous to that of any particiiHr we believe that 

particles. To this second type of act.-‘ ^■S-> India ink or carbon 

fibroblastic change at the infe / . attributed the foreign body 

Piasia the^Sl: ~ ITpZr" 

of the substance iiiin-ht 'n " “ "iPaiPniion of the excretion 

that onf t?e “e?f ff ^ “ ‘" 8 S‘at.cl 

sul&nilamif C T' *''' ‘‘i'ninisWion of 

produce le.- ’ parenteral administration would be more prone to 

sulfaniIamidTLtavofe“°‘‘' ““ 


CONCLUSION 


the prolonged administration of 
smtamiaraide upon the tissues of rats. It is suggested that the tissue changes 
su 111^ roin sulfanilamide administi^ation are of two types, one being de* 
pendent upon the specific chemical structure of the substance, and the otiier 
being characterized by a nonspecific foreign body response. 


sity o^rVn^lVeVconlll ?l\nuust?afiohs'^i^ Illustrator, Univsr- 
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THE ACCUEACY OP DIAGNOSIS OP APPENDICITIS* 


Albert S. Arkush, M.D., P.A.C.S., and Alfred A. Kosky, M.D. 
Santa Monica, Calif. 


A STC‘D\ was undertaken to determine primarilj^ the accuracy of diagnosi.s 
of appendicitis at the Santa Monica Hospital. By "diagnosis” we refer, 
first, to the preoperative or clinical diagnosis; second, to the surgical or operative 
diagnosis ; and third, to the postoperative or laboratory diagnosis. The first two 
diagnoses are made by the surgeon. The last is made by the pathologist and is 
our standard of accuracy. 

By "appendicitis” we refer to inflammatory diseases of the appendix as 
they are commonly understood. We are aware that there is current considerable 
argument to the effect that removal of the patliologieally normal appendix will 
afford relief from various symptoms in a high percentage of cases. Such claims, 
if true, may tend to minimize the importance of errors of a statistical nature. 
In this survey we are not directly interested in these considerations. We might 
suggest, in passing, that the occurrence of eosinophiles in some of these specimens 
might indicate the presence of an allergic reaction. 

These appendectomies cover the ten-year period from January 1, 1928, to 
January 1, 1938. For purposes of discussion, classifications have been used as 
indicated by the headings in Table I. 


In assembling the figures in this study an attempt has been made to veiifi 
tlie diagnoses as thej^ ajipear on the charts. The operator may, through careless- 
ness or for other reasons, introduce inconsistencies into his I’ecords. If his ex- 
amination and findings clearly indicate this, the diagnosis is corrected accoid- 
ingly. Surgeons often disregard the findings of the pathologist. Thus, one maj 
make a clinical diagnosis of acute appendicitis and an operative diagnosis o 
acute or subacute appendicitis. The pathologist may diagnose normal appendix, 
while the surgeon signs the case out with a final diagnosis of acute oi su aeu e 
appendicitis. ,, 

The reader will notice certain cases labeled "chronic appendicitis 
Where the report of the pathologist is "chronic appendicitis, ut ns 
tion (gross and microscopical) of the pathologic findings does not ie\ea e 
pathology, the designation I.A. is added to indicate innocen 
IMany pathologic diagnoses of "chronic appendicitis appeal on cm 
carry-over from days of ultrascientific classification or as a 
policy has now been corrected in our laboratory. No appen ^ contain 

normal or innocent if its wall is thickened or stenotic, nor i ai j 
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fecaliths Appendices showing only some injection of tlie serosa or containin- 
soft fecal material are classed as innocent. laumi^ 

No donbt a dozen different workers going over these same cliarts would oet 
a doKii different sets of figures; but they uoiild not vary much. Our residts 
iioiknig independently on separate groups, show tliat tlic patliologist (A A K ) 

ZlenT ‘■'PI'-Klieitis specimens as 

“ mhir'’' “ ' 3 in that classi- 

fication. Other percentages arc ])ractically identical. 

and percentages hc.vond tlie decimal 

and sliall, therefore, use wliole numbers only. 


Table I 


Labobatoby Diaonosis 


live "ei '‘‘(Thu°‘'of ’f ' diagnoses in .■ompared to tlie clinical or preopera- 

besub.aeute ™o cl’.ronic «" -f ‘ V* dm, rally an subacute, 17 were found to 

acute 17 of tfie 90 cases found patliologicallv to be sub* 

* I P Bti^ely bccit tltagiioscj subacute, IS bail been tliagnised as chronic, etc.) 


CLINICAL 

DIAGNOSIS 



SUB- 

ACUTE 


■ 


HS 

H 

ruptured 

004 

,‘17 

4S 

02 

27 

ini 

1 97 

975 

Acute, rup- 
tured 

30 

32 

1 

2 

0 

4 

1 

75 

Subacute 
Chronic 
li’ormal (not 
Bientioned'i 

14 

13 

5 

1 

0 

1 

17 

18 

G 

••>.7 

89 

30 

U 

;{o 

50 

210 

SO 

22 

111 

203 

142 

4S5 

421 

tory diag- 
nosis) 

072 

71 

90 

20.5 

114 

453 

493 

209S 


•Innocent appendix. 


CLINICAL DIAGNOSIS 

*lcH^c (Including Ihiptiwcd) AppendicitU , — Of Uiu 2,098 appeaductomies, 
,050, oi‘ one-lialf, ivoi’e diagnosed as aeule. Of these, 709, or 67 jier cent, were 
actually acute. This means that 2 appendices out of 3 will confirm a clinical 
lagnosis of acute appendicitis. 

Conversely, we note tliat tliere were actually 743 cases of acute appendicitis 
III the entire series. Of tliese, 709, or 95 per cent, were diagnosed preoperatively 
as acute. This means that if one lias acute appendicitis, the chances are 95 out 
° 100 that the physician will ultimately recognize it as such. 

Significant (Acute and Siibacuic) Appendicitis . — There seems little use in 
considering the diagnosis of subacute appendicitis in the same way. "We may, 
vever, group acute and subacute appendicitis together, as including those 
cases in which there is definite and significant disease. Doing this, we find that 
^ 1,192 clinical diagnoses of acute and subacute appendicitis, 790, or 66 per 
^ciit, were actually acute or subacute. Thus, if we diagnose significant patho- 

^aic change in the aiipendi.x, the chances are only 2 out of 3 that we will lie 
I’Jght. 
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Contrariwise, we see that there were in the senes 833 cases of acute 
and subacute appendicitis, of which 790, or 95 per cent, were diagnosed clinically 
as such. Here again, with significant pathologic change in the appendcY, the 
chances are 95 out of 100 that the physician will correctly detemine it. This 
indicates that our chief problem, statistically, lies not in recognizing acute or 
subacute appendicitis, but in recognizing those things with which they may le 

confused. ... i 

Chronic Appendidtis.-IU field ct eteonie appenaio,t.s involve mm 

difterenee of opimon. Some claim that the entity does not **'*‘- ^^ 
that it does e^ist, but should not inelude the obliterative types. So fai as we aie 
oneltd for tiiese purposes, we shall group all cases of ““ 

together including with the normal cases those diagnosed as chronic but c 
:£d i; us as h'aving no pathology that could reasonably -PP-n^^^ 
clinical symptoms, that is, those specimens designated by us 

pr’fctieal significance of obliterative appendicitis, however, may be 
indicated by Table II. 

Table II 


Obliterative Appendicitis 


CLINICAL DIAGNOSIS 


Chronic appendicitis 
Normal appendicitis 


485 cases 
421 cases 


pathologically obliterative 


44 cases, or 9 per cent 
36 cases, or 9 pei 


We see from Table II that there is the ttLve chronic 

pendices among “normal” indivi ua as am » obliterative appendix causes 
appendicitis. Therefore, we may suspect that the 

no more trouble than the normal appendnx. ^ ^veil-recognized 

We note in passing that obliterative ^ mentioned it only 

condition by the surgeon. Although it occurred Ml times, 

10 times. . .• .1 .j-j^gj-e were 133, or 27 

Of the 485 diagnoses of chronic appen ici | ^gPef that they 
per cent, that were actually ^ ^l^^nces are about 1 out of 4 t 

may have given rise to symptoms.^ T1 . ^ tiy the pathologist. 1 

a diagnosis of chronic appendicitis wi^ omnendicitis will lead to 
true that occasionally a diagnosis of the level of ° uj 

of an acute or subacute appendicitis. ^ diagnose chronic appendi 

nnciis to 34 per cent. This means that ivi = anyway abnormal, 

are only 1 in 3 that the appendis will be m 


nosis to 34 
the chances 


. ,r; rrsrof chronic appeudW^ 

Turning this around again, we note t ° ^ rph^s the chances o oui 

133 or 42 per cent, were diagnosed clinic .. . o , gj.g 5 out of 12. 

accurately recognizing chronic ^ present than to '““'“jt 

are only slightly more likely to 'Lire Tikely to miss it than to rccoga® 

rectly when it is not present ; and we ai e 

when it is present. the incidence of chro 

In the “normal” group of thus conceive that of evci) 

appendicitis is about 16 per cent. Me m y 
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sons on the street, 1 lias chronic appendicitis from the standpoint of tlic patiiolo- 
gist. But the incidence of clironic appendicitis in tJiose diagnosed as having 
it is only 27 per cent, or about 1 in 4. Our error would thus be fairly small if 
we would clioose our cases of chronic appendicitis at random, without attempt at 
diagnosis. 

AYe may put this another way. If the conditions found at operation upon 
the chronic appendicitis patient are the same as those found at operation upon 
man.v ‘^normal” patients, then the so-called sj'inptoms of chronic appendicitis 
may not arise from appendicitis, or even from the appendix, at all. Clinically, 
there may be no clironic appendicitis, or only a rare one. This fact will explain 
some of the concIu.sions to follow. 

Interesting for comparison is Shelley’s .series^ wliore, among 1,890 ap- 
pendices removed from patients without sign or symptom of appendieial disease, 
two-thirds sliowed definite pathologic eliange. 

Uxiptured ApiicndicAtis . — AYc feel that there may be little point in calculat- 
ing the accuracy of diagnosis in cases of ruptiue AA"e suspect that neither 
surgeon nor pathologist goes to gi’cat pains to distinguish acute nonruptured 
from acute ruptured appendicitis, at time.s merely noting the acute form when 
rupture obviously existed. However tJiis may be, our records show that of 75 
clinical diagnoses of rupture, 61, or 81 per cent, wme aetually ruptured accord- 
ing to operative diagnosis and 32, or 43 per cent, according to laboratory 
diagnosis. 

Conversely, of 118 cases diagnosed a.s ruj)tnrecl operatively, 61, or 51 per 
cent, were so diagnosed clinically, while the lalioratory confirmed the diagnosis 
in 64 eases, or 54 per cent of all eases. 

Appendicitis of All Types (as a In tliis series of 2,098 appendec- 

tomies, 1,677 appendices, or 80 per cent, were diagnosed preoperatively as ab- 
normal. This means that 1 appendectomy in 5 is an ^'incidental” appendectomy. 
Of the 1,677 diagnosed clinically as abnormal, 2,152, or 69 per cent, were recog- 
nized pathologically as abnormal. In other words, if we think tJiat an appendix 
is abnormal in any way, the chances ai’C about 2 in 3 that we are right. Of the 
1>677 cases diagnosed as appendicitis clinically : 

737, or 44 per cent were acute bj' laboratory examination. 

84, or 5 per cent were subacute by laboratory examination. 

253, or 15 per cent were chronic by laboratory examination. 

603, or 36 per cent were normal by laboratory examination. 

AYe may compare this to Aschoff’s series* of 847 cases diagnosed as ap- 
pendicitis with no evidence of it pathologically in 35 per cent. Sappington and 
Borneff^ present an even worse picture with a series of 937 cases diagnosed as 
appendicitis and 565, or 60 per cent, pathologically normal. Other statistics pre- 
sent errors of 2 per cent, or even nothing at all.^ 

AVe may deduce from Table I that the chance of diagnosing “diseased ap- 
pendix” ineorreetly (36 per cent) is almost twice the chance of diaposing 
uornial appendix” incorrectly (19 per cent). Thus it is twice as easy clinicall> 
for us to misdiagnose a normal appendix as a diseased one. 
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urjiKATlVE DIAGNOSIS 
Of 892^difgnrses^ofTcut?t^ 

acute Pf f '«St. 7f 1 collLVb- 

at the ovemtino. fnhu , ^ appendices that we diagnose 

•ikn in+i. r '’ 4 . significantly diseased, we are wrong once. It is 

acute appendicitis 8 ^^ surgical diagnoses of acute and sub- 

acute appendicitis, 83 were chrome and 210 (1 in 5) were actually normal. 

Table III 

Laboratory Dugxosis 

(Th^'ris »“eiir4ts/s“ 

chrome, etc. Similarly, ^of the 91 cases diaoTinfol^ subacute, 30 were 

thought to be subacute at the oneratinp- L-fhlrPoo 2S were 


OPER.ATIVE 

DIAGNOSIS 

ACUTE, 
NO RUP- 
TURE 

ACUTEj 

RUPTURE 

SUB- 

ACUTE 

CHRONIC 

CHP.ONIC 

OBLITErA- 

TIVE 

CHRONIC 

I.A. 

NORMAL 

TOTAL 

(opera- 

tic: 

DIAG- 

NOSIS) 

Acute, not 
ruptured 
Acute, rup- 
tured 
Subacute 
Chronic 

Chronic ob- 
literative 
Normal 

590 

50 

18 

2 

7 

04 j 

0 

0 

0 

0 

39 

j 

1 

2S 

20 

0 

3 

32 

2 

30 
! 125 

1 

16 

9 

0 

! 10 

57 

7 

.31 

56 

0 

64 

£85 

1 

46 

41 

1 

48 

199 

1 

203 

■■ 

total (Labo- 

(171 

71 

91 

206 

114 

452 

493 

2098 

ratory 









diagnosis) 










Conversely, we note that of the 742 cases of pathologically acute appendi- 
citis, 711, or 96 per cent, were diagnosed as such operatively. Combining acute 
with subacute, of the 833 significantly inflamed organs, 797, or 96 per cent, 
were recognized. Thus our chances of correctly recognizing definite and sig- 
nificant inflammation of the apjiendix at the operating table are 96 out of 100. 

Chronic Appendicitis. — Similarly, we diagnosed chronic appendicitis opera- 
tively i0( times when the condition existed 190 times, with an accuracy of 2 ( 
per cent, and we recognized chronic appendicitis 190 times out of 320 actual 
cases, with an accuracy of 59 per cent. Operatively, as clinically, we mis- 
diagnose the normal appendix twice as readily as the diseased one. 

Appendicitis of All Types fas a Group).— Oi the 1,153 actually abnormal 
appendices, only 52 were diagnosed as normal at the operating table. But of the 
945 normal appendices, 696 were diagnosed as abnormal. This means that our 
diagnosis of the pathologically normal appendix as made at the operating table 
is wortliless and that we are more likely to be wrong than right by 3 out of 4. 
How much of this error is due to insincerity or carelessness and how much to 
inability must remain for each individual to decide. The error comes ehief^.^ , o 
course, in the field of chronic appendicitis. 
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A reason for this lack of correlation between laboratory and operative find- 
ings becomes more clear when we study Table IV. 


Tabld IV 


Operative Diagnosis 


/rri, O'" surgical diagnoses as compared to the clinical diagnoses, 

(ihus, of the 140 cases diagnosed clinically as subacute, 83 were thought to be subacute at the 
operating table, 39 were thought to be cliionic, etc. Similarly of the 198 cases thought to be 
subacute at the operating table, S3 had been diagnosed subacute clinically, 21 had been 
diagnosed chronic clinically, etc.) ^ 


CLINICAL 

DIAGNOSIS 

ACUTE, NO 
RUPTURE 

ACUTE, 

UUPTUKB 

.SUB- 

ACUTE 

CIIRONK’ 

CIIKONIC 

OBLITERA- 

TIVE 

NOP.ilAL 

TOTAL 

(CLINICAL 

JIAGNO.SIS) 

Acute, not rup- 
tured 

Acute, ruptured 
Subacute 

Chronic 

Normal (not 
mentioned) 

736 

9 

1.3 

8 

5 

51 

61 

1 

3 

S2 

1 

S’.l 

21 

11 

5(i 

.'{0 

426 

184 

1 

0 

n 

(i 

4 

49 

3 

3 

17 

221 

975 

76 

140 

479 

428 

loial (operative 
diagnosia) 

771 

118 

198 

707 

11 

293 

2,098 


Tims, with 1,191 cases diagnosed clinical ly as acute or subacute, 1,038 were 
so classified at the operating tabic, while only 790 were acute or subacute. 'With 
479 diagnosed chronic clinically, 432 were diagnosed chronic operatively and 
133 were actually chronic. With 428 presumed to be normal clinically (patient 
operated for other conditions entii'cly) 221 were diagnosed normal at operation, 
while 343 were actually normal. 

Let us look at it tliis way : 


Clinically notmal 
428 

Clinically chronic 
479 


Opcrathely normal 
221 

Opciatively noimal 
17 


Patliologically normal 
343 

Patliologically normal 
321 


Whether the clinical diagnosis is normal or chronic, the chances of the ap- 
pendix being actually normal arc almost the same, while the chances of diagnos- 
ing the normal appendix incorrectly at operation are about 12 to 1 in favor of 
ihe operator's preoperative diagnosis. Wc may, therefore, conclude that the 
operator is governed mainly by his clinical diagnosis in distinguishing normal 
from chronically altered appendices, and that these two conditions are actually 
indistinguishable in the great majority of cases. Tlie same holds true witli 
other types of appendicitis, though to a lesser degree. 


CAUSES OF EBKOE 

One cause of operative error has been discussed, namely, suasion of the 
operator in favor of his preoperative diagnosis. This factor is furtlier evidenced, 
first, by the relative tendency to diagnose an appondLv as normal rather than 
chronic when other pathology is present and, second, to make an intermediate 
diagnosis when the clinical diagnosis is wide of its mark. 

Errors in clinical diagnoses of acute appendicitis occur mainly in females 
and are due to ruptured ovarian follicles and C3-sts, pelvic inflammatory disease. 
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in this group. Sk were due to <^all hi operation, 26 come 

tured duodenal 1110 ^ 2 to inteSn ^ h f Pe-typhlitis,^ 2 to rup- 

each to lyniphomrlstro enlri obstruction, 2 to MeckePs diverticulitis, 1 
and 12 to undetermined eause.f adenitis, and coronary disease, 

Where chro^iic apnend^iHt‘^^^*^r^*^ general appears to be nonsurgieal conditions. 

discovered at onLatkn tf '' clinically, and appendicitis is not 

seoveiea at operation, the great majority of cases will reveal no lesion to ex 

raasi “""P by «'P tapital stall, is aot a 

muscle-splitting incision, but some form of rectus or midline incision. 

faihit misleading surgeons in diagnosis is undoubtedly their 

to tils C' '''"T appendicitis. Reference is frequently made 

nendicit- ' T’- injection, retrocecal position, etc., as evidencing ap- 

pendicitis and justifying the diagnosis thereof. 


MORTALITY 

In collecting these statistics we have noted fatal cases, though this may not 

be directly in line with our survey. There were in all 26 deaths, distributed as 
follows : 

Acute ruptured appendicitis 16 

Acute nonruptured appendicitis 10 

Appendix normal or innocent 9 

Of the 9 persons who died from complications other than appendicitis, 2 
were operated upon due to erroneous diagnosis of acute appendicitis. One wa.s 
opeiated upon for chronic appendicitis and hemorrhoids, and an innocent 
appendix was found. The other 6 were “incidental" appendectomies, the pa- 
tients dying of the primary lesion or a complication of it. 

It will be noted that all but 1 of the deaths in operations for appendicitis, 
where no other serious condition existed, were due to acute appendicitis only, 
hlortality for operation itself has, therefore, been less than 1 in 2,000 . Mortality 
for acute appendicitis with rupture was about 1 in 7, using the operative diag- 
nosis of rupture as a basis, whereas the mortality in acute nonruptured cases 
was about 1 in 67. | Our principal concern for improving the death rate is, 
therefore, with these 2 groups, and our principal concern in avoiding unneces- 
sary operations has to do with morbidity and economjL 

The total mortality in acute appendicitis has been reduced 65 per cent 
(from 8 per cent to 3 per cent) in the second five-year period as compared to the 
first five-year period (Table V), ivhile appendectomies have increased twice 
as rapidly as the general population (50 per cent) and at the same rate as in- 
crease in staff membership§ (110 per cent) over the ten-year period. It may 

‘This term is used to indicate some type of inflammation in the region of the cecum and 
of unknown origin. 

tincluded here are some cases called appendicitis by the surgeon and one called spastic 
colitis. . 

tBoweto states : ‘-Wlien the serous membrane is intact. 1 in 183 dies ; when it is rupture . 

1 in 8 dies." 

§Total staff membership 50 on January 1, 1928, and 105 on January 1. 19SS. 



1283 


ABKUSH-KOSKY : 


ACCUll,VCY OP DIAGNOSIS OP APPENDICITIS 


well be that the doubling o£ operations for 
reduction in ruptures and mortality. 


acute appendicitis accounts for the 


Table V 

Mortality by Years 


YEAR 

CASES OF PATHO- 
LOGICALLY ACUTE 
APPENDICITIS 
(all types) 

TOTAL NUMBER OP 
DEATHS 

NO. OP DEATHS WITH 
RUPTURE 

PERCENTAGE OP 
DEATHS IN ACUTE 

c.vsEs (all types) 

1929 

68 


0 

2 

1930 

69 


3 

9 

1931 

49 


2 

7 

1932 

67 


1 

8 

1933 

65 


6 

10 

1934 

60 


0 


1935 

83 



0 

193G 

120 


- 

4 

1937 

119 

.3 


4 

3 


PROGRESS IN’ DIA(5NOSrS 

Mortality rates may he e.xplained in part upon the liasis of diagnosis. Thus 
I a lagnosis becomes more accurate, it may api.ear to decrease the mortality hv 
v£ appendicitis formerly misduiguosed, or it may increase the 
tlin«p ^ y “'*’f6t'«''tiating eases previously included through error. Aotually. 

diagnosis of acute appendicitis for each of the ton years at this he's- 
P lat has remained practically unchanged, as shown in Table VI, 


Table VI 

Diagnosis op Acute Appendicitis by Years 

ten 34'rrcovored/^^^^‘'^^^' diagnosis as compared with another for each of tiu- 



sg 

ii 

a 3 

o o 

nS 
w w 
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§ 1 
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o 

V 

O 

u 
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gs 

O V 

> 
a ^ 

S o 

2 H 

b d 

b. o 

2 s n 
o < 
u 

>< 

u 

vO 

CvD 

o 

o 

•c 

5h 

a , 

a a 
u o 
« t" 

o < 

si 

p s 

U bj 

S3 

SS 

% 

ACCURACY 

§ s 

a a 

ss 

> 

a 

S o 

B ® 

Z a 

O <5 

o 

< 

o 

w 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

59 

105 

89 

68 

97 

93 

92 

113 

163 

170 

46 

84 

73 

58 

76 

73 

72 

96 

140 

139 

78 

SO 

82 

85 

78 

79 

78 

86 

86 

82 

59 

105 

89 

70 

97 

93 

92 

113 

162 

170 

40 

66 

65 
48 

66 

64 

60 

78 

110 

112 

OS 

63 

73 

69 

68 

69 

65 

69 

68 

66 

43 

68 

69 

49 

67 

65 

60 

S3 

120 

119 

40 

66 

65 
48 

66 
64 
60 
78 

110 

112 

93 

97 

94 

DS 

99 

09 

100 

94 

92 

94 

49 

87 

79 

59 

78 

76 

74 

100 

149 

141 

1 

82 

75 

85 

83 

83 

84 

79 

80 

74 

80 


1,049 

857 1 82 1 

UIHllJ 

709 

68 

743 

709 

95 

892 

711 1 

80 







_ We do not know Jiow many cases of appendicitis and nonappendicitis of 
^anous types were seen by the staff but neither operated upon nor even diag- 
sed. ^ For this reason, we cannot determine all clinical error. Bedside re- 
search is badly needed for such information. We may infer a considerable delay 
somewhere from the fact that of 742 acute cases, 114, or 15 per cent (1 in 7), 
0 ruptured at operation. However, 95 per cent of acute cases were ultimately 
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diagnosed as acute. The bulk of the remaining acute cases were diagnosed as 
appendicitis of some type, and operation was nearly always advised. Error in 
failure to ultimately recognize appendicitis must, therefore, be small. The, 
tragedies come in delay. This delay maj* stem from our inability to recognize 
low-grade appendicitis accurately. 

We note, however, the many diagnoses of acute appendicitis where acute 
appendicitis did not exist. The laboratory confirms our clinical diagnosis in only 
2 cases out of 3. Until we can observe the appendix in the opened abdomen 
and correctly state wdiether or not it is significantly inflamed ufith an accuracy 
greater than 3 in 4, we may be unable to improve our recognition of the acutely 
inflamed appendix in the closed abdomen. Until our preoperative diagnosis does 
improve there must be unnecessary' operations on the one hand, and on the other, 
unnecessary delay, ruptures, and deaths. Statistically', our diagnostic acuity has 
remained unchanged year after year (Table VI). 


MULTIPLE DLVGNOSES 

Special interest and importance attaches to those operations in Avhich mul- 
tiple clinical diagnoses are made. One wants to Icnow whether the laws of chance 
iustify a laparotomy', for chronic appendicitis especially, and whether fortuitous 
findings are likely to enhance the value of such surgeiy. 


Table VII 
Multiple Lesioxs 

Sliowin<' the actual findings in operations for multiple lesions as compared to the clinical 
diagnoses. (Tlius, of 226 cases diagnosed as having chronic appendicitis with other abdominal 
lesions, S had chronic appendicitis alone, 30 had no lesion at all, etc.) 


CUXIC.VL DIAGNOSIS 


Chronic appendicitis 
without other lesions 
Chronic appendicitis with 
other lesions 
Normal appendix (opera- 
tion for other lesions) 
Acute or subacy. -, - P- 

pendicitis (w i i • 
without other I- , 


ACTUAL 


CHRONIC 

APPENDI- 

CITIS 

WITHOUT 

OTHER 

LESIONS 

CHRONIC 
APPENDI- 
CITIS WITH 
OTHER 
LESIONS 

NORMAL 

APPENDIX 

WITHOUT 

OTHER 

LESIONS 

NORMAL 

APPENDIX 

WITH 

OTHER 

LESIONS 

1 

« 

ACUTE OR 
SUBACUTE 
APPENDI- 
CITIS WITH 
OR I^TTH- 
OUT 
bTHER 

l'esions 

total 

(CLINICAL 

diagnosis) 

69 

S 

13S 

IS 



S 

5G 

30 

128 

4 

22G 

0 

62 

21 

322 

13 

423 

■ 97 



77 

792 

1,194 
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tliem. Ill some instances, as with small corpus hitciim or other ovarian cysts, 
leading merely to puncture, the condition is disregarded. 

We note that there were 255 cases with the clinical diagnosis of chronic 
appendicitis unaccompanied hy any other diagnosis justifying laparotomy. Of 
this group : 

(a) Diagnosis was c.\actly verified in GO cases, or 27 per cent (ahout 1 in 4). 

(b) Diagnosis of chronic ap)iendicitis was verified hut other lesions were 
found in 8 cases, or 3 per cent (ahout 1 in 32). 

(c) Diagnosis was entirely in error hut other lesions were found in 40 
cases, or 16 per cent (ahout 1 in G) 

(d) There was no lesion whatever to justify the laparotomy in 138 eases, or 
54 per cent (ahout 1 in 2). 

Coming to the cases diagnosed as luuiiig chronic apiieiidicitis accompanied 
by other intra-ahdominal lesions (including hernias i, vc sec that there were 226. 
Of these : 

(a) Diagnosis was exactly verified in '>(i cases, or 25 per cent (1 in 4). 

(b) Chronio appendicitis alone was found in 8 cases, or 4 per cent (1 in 28). 

(e) Diagnosis was in error hut other lesions were found in 132 cases, or 
59 per cent (about G in 10). 

(d) There was no lesion whatever to .pisiify tlic laparotomy in 30 eases, or 
13 per cent (about 1 in 8). 

It appears that wo can recognize ehionic aiipendicitis alone and ehronie ap- 
pendicitis aeeompaiiicd by other intra-abdominal lesions with equal faeility (1 
in 4), and that the “otlicr lesions” considered in each case are as likely to be 
missing when diagnosed as present as when not diagnosed (1 in 30). 

When no chronic appendicitis exists, moreover, we arc likely to find some 
other lesion in only 22 per cent, or 1 out of 5 cases, if we didn’t expect one 
previous to operation. If we did expect another lc.sion previous to operation 
and failed to find the chronic appendicitis itself, onr chances are 82 per cent, or 
5 in 6 of finding another lesion. 

Noteworthy is the fact that of those operations for chronic appendicitis 
alone, over half may be described as useless, whereas, if we think that other 
lesions accompany the chronically changed appendix, 1 operation in 8 may be 
designated as useless. 

Noteworthy also is the fact that there arc also almost as many diagnoses 
of chronic appendicitis with as without other abdominal lesion. This suggests 
tliat extra-appendicial lesions are not active in the production of appendicitis. 

Turning to those oiierations where we believe or assume that the appendix 
's normal, we note that there are 423. It is actually normal in 343, or 81 per 
'™t, of the cases (4 in 5). In 21 cases, or 5 per cent (1 in 20), no pathologic 
condition was found, i.e., the operation may be described as useless. As this 
error is less than that for the diagnosis of appendicitis as a whole, 36 per cent, 
it means that appendicitis is 7 times as easy to mi.sdiagnosc as other abdominal 
lesions (as a group). ' ' 
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One final observation : Of the 1,194 eases thought clinically to have acute 
or subacute appendicitis (with or without other lesions), but not having it, 99, 
or 8 per cent, had lesions elsewhere, while 97, or 8 per cent, had chronic’ ap- 
pendicitis alone, and 206, oi' 17 per cent, had no intra-abdominal lesion whatever 
to justify laparotomy, so far as was found. 


SUMMARY 


Following are some of the conclusions resulting from this statistical study. 

1. Only 2 appendices out of 3 will confirm a clinical diagnosis of acute ap- 
pendicitis. 

2. Of appendices actually^ acute, 95 per cent will ultimately be correctly 
diagnosed clinically. 

3. The foregoing statements hold true when we group acute and subacute 
appendicitis together. 

4. Chronic obliterative appendicitis causes no more trouble clinically than 
the normal appendix. 

5. The chances are 1 out of 4 that a diagnosis of chronic appendicitis will be 
verified by the pathologist. 

6. A diagnosis of chronic appendicitis means that the chances are 1 in 3 that 
the appendix is in any way abnormal. 

7. When chronic appendicitis actually exists, the chances are about 5 in 12 
that we will recognize it clinically; i.e., the chances are that we will not recognize 


it when we meet it. 

8. One '‘normal" person in 6 has a pathologically “chronic appendicitis. 

9. Thirty-five per cent (one-third) of all individuals operated upon for dis- 
eased appendix have a normal appendix. 

10. It is twice as easy for us to misdiagnose a normal appendix clinically as 

a diseased one. 

11. For every 4 appendices that we diagnose as significantly disease ^ 
or subacute appendicitis) at the operating table, we are wrong once, an 
than 1 such appendix in 5 will actually be normal. 

12. Of appendices actually acutely or subacutely inflamed, 96 pei ce 
be recognized as such at the operating table. 

13. When we think that an appendix is chronically inflame a ope 

w'e are correct in about 1 case in 4. , , 

14. When we see a chronically inflamed appendix at the opeia nij, 

can recognize it about 6 times out of 10. the 

15. Operatively, aa elinically, it is twice at easy for m o “if 
normal appendix as it is the diseased appendix, and when t e app 

mal our operative diagnosis will be wrong 3 times out of ; „ ^j^^nces 

16. Whether the clinical diagnosis is norma .Inn’ces of diagnos- 

of the appendix being normal are almost the same, w n e . of 

ing the normal appendix incorrectly at operation are a ou 

the operator’s preoperative diagnosis. , „ppeudicitis 

17. The chief cause of error in the clinical diagnosis of acum_J „ 
is some gynecologic condition. Next in importance come 

gall bladder disease, and inflammation in the region o i 
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18. Where clironic appendicitis is diagnosed alone clinically and not found, 
the great majority of cases will reveal no lesion to exploration. 

19. The mortality in acute ruptured appendicitis over a ten-year period 
was 1 in 7 and that of the nonruptured acute cases was 1 in 67. 

20. In ten years the diagnostic acuity of tlie staff of the Santa Monica Hos- 
pital has not changed, as regards aiipciidicitis. Mortality rate has improved, 
along with increased frequency of operation. 

21. Error in failure to ultimately recognize acute appendicitis is small 
(5 per cent). Delay in diagnosis and operation are the important factors. Be- 
cause of it, 1 aeutelj’ inflamed appendix in 7 was ruptured at operation. 

22. These statistics must be supplemented by data obtained before the pa- 
tient’s entiy into the hospital to determine causes of delaj', clinical error, etc. 

23. We recognize chronic appendicitis alone and chronic appendicitis ac- 
companied by other intra-abdominal lesions with equal facility, and accompany- 
ing lesions are as easily ruled out as recognized. 

24. AVhen we diagnose chronic appendicitis and it is absent at the operating 
table, we are likely to And some other lesion in only 1 case in 4 if we did not ex- 
pect it before operation, and in 5 cases out of 6 if wc did expect it. 

25. Of those operations for chronic appendicitis alone, over half reveal no 
pathologic condition wliatever. In operations for clironic appendicitis with 
other intra-abdominal lesions, 1 case in 10 reveals no pathologic condition. 

26. Extra-appendicial lesions are not active in producing appendicitis. 

27. When the appendix appears to be normal clinically (operation for other 
cause entirely), it is actually normal in 4 cases out of 5. In these cases, no 
pathologic condition at all was found in only 3 per cent. 

28. Appendicitis is 7 times as easy to misdiagnose as other abdominal con- 
ditions (as a group). 

29. Of cases thought clinically to have acute or subacute appendicitis, 1 ease 
in 6 revealed no pathologic condition of any kind at operation. 
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THE STABILITY OF ASCOEBIC ACID IN BLOOD- 


Louis D. Grrenberg, Ph.D., and James F. Einehart, j\LD. 
San Francisco, Calif. 


V^E HAVE lieeii engaged in an extensive .study of vitamin C metabolism 
» V in health and in disease, with particular reference to rheumatic fever and 
rlieumatoid arthritis.^’ ^ In previous work we have shown that the plasma level 
of reduced ascorbic acid during- fasting afforded an accurate index of the im- 
mediate nutritive status relative to vitamin C.^ In this work we have employed 
the method of Parmer and Abt,^- “ and have investigated various factors which 
might influence the stabilit.y of vitamin C in the blood. This seemed particularly 
pertinent in view of the criticism of the method made by Pijoan and co- 
workers*’’- ' who reported that the ascorbic acid of .the plasma undergoes rapid 
destruction after the blood has been withdrami from the body. This ivas not 
in accord with our oivn experience. Pijoan also claimed that this loss could he 
prevented by the addition of potassium cyanide to the blood. Pollmniig this 
report w-e undertook a systematic study of the stability of ascorbic acid in blood 
and of the influence of cyanide upon this. While this worli was in progress 
Farmer and Abt,* Friedman, Eubin, and Kees,“ and Cushman and Butler” pub- 
lished reports which failed to show a stabilizing influence with cyanide. Further- 
more, Parmer and Abt showed that potassium cyanide per se was capalile of 
decolorizing 2,6 diehlorophenolindophenol and that it produced an increase in 
the apparent ascorbic acid values when added to blood. In the present paper 
further evidence bearing on the effect of potassium cyanide on 2,6 dichloro- 
phenolindophenol and upon the stability of ascorbic acid in blood and plasma is 
reported. In addition, some experiments on the comparative stability of 
ascorbic acid in w hole blood and plasma are presented. 

Typical experiments showing the comparative stability of ascorbic acid in 
whole blood and plasma are shown in Table I. In these experiments 40 to 50 e.c. 
of blood were drawn from human subjects by venepuncture and distributed m 
4 test tubes containing dry powdered sodium oxalate. Two of the portions o 
blood were centrifuged immediately, the plasma separated, and an aliquot poi 
tion of the latter was subjected to analysis as soon as possible. One test tube 
each of w-hole blood and plasma were then set aside at room and lefiigeia oi 
temperatures, respectively. At the end of the time intervals indicated, ana .ises 
Nvere carried out on the plasma of each of the 4 specimens. Deproteinizatimi nas 
carried out on 1 c.e. portions of each plasma according to the method 
and Eddy^^ and 2 c.c. portions of the filtrate ivere used foi titiation. ' , • 
suits recorded in Table I show that different bloods exhibit differences m 
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loss of vedwcing capacity on standing. In some cases the presence of red blood 
cells appears to exert a protective action on the ascorbic acid of the plasma, 
while in others this effect is absent. These results are somcwliat at variance with 
those reported by Kellie and Zilva,^- and Borsook and co-workers,^® who reported 
that red blood cells exerted a protective intiueiiee on ascorbic acid. From one 
observation on dog blood, Barron, Barron, and IClempcrcF* concluded that 
erythrocytes do not exert any influence on the rate of oxidation of the ascorbic 
acid of the plasma. 

Table I 

The Stabilitv op Ascorbic Acid ix Pl.vsjia and "WTiole Blood at Boom and Eepkigeri'ltor 

Temperature 


temperature \ 

REFRIGERATOR | 

1 room; 



PLASMA 1 




specimen 

STANDING ' 

WHOLE BLOOD 

PLASMA 

WHOLE BLOOD 

B. ! 

Houis 

Mg. per cent | 

Mg. per cent 

Mg. per cent 

Mg. per cent 


Immediate 

1.60 1 

- 

- 

- 


o.r. 

1.41 

1.60 

1..3S 



l.G 

1.41 


1,35 

1.57 

1 

3.0 

1.41 

1.60 

1.23 

1.54 


20.0 i 

0.99 

1.38 

0.62 

1.35 

G. 

Immediate 

0.96 

_ 

- 

- 


1 

0.96 

0.96 

- 

0.06 


2 

0.96 

0.96 

_ 

0.93 


3 

0.93 

0.96 

_ 

0.90 


24 

0.72 

0.78 

- 

0.54 

L. 

Immediate 

1.39 

- 

. 

1 - 


0.5 

1.30 

- 

1.30 

1 


1.5 

1.30 

1.33 

1.28 

l.SO 


3.0 

1.30 

1.30 

1.28 

1.28 


C.O 

1.25 

1.30 

1.19 

1.25 

B. 

Immediate 

1.40 





1 

1.37 

1.37 




o 

1.28 

1.22 




3 

1.16 

1 ”9 




5 

1.16 

1 9 . 9 . 




24 

0.91 

1.22 




However, the main point brought out by the data in Table I is the fact that 
whole blood kept at refrigerator temperature suffers but little loss in its ascorbic 
acid content over a period of two to three hours. "We have examined some bloods 
which showed little or no loss under these conditions for iieriods as long as 
twenty-four hours. Cushman and Butler*® have made similar observations. 

After the appearance of Pijoan and Klemperer's paper we attempted to 
confirm their work. Since we liad no potassium cyanide at hand, we employed 
sodium cyanide. Our observations showed no increase in the stability of the 
ascorbic acid of the plasma in the presence of sodium cyanide. Unlike potassium 
cyanide, sodium cyanide itself produced no decolorizatioii of the dye 2,6 diehloro- 
phenolindophenol. Three experiments were performed in wliieli 40 to 50 c.c. of 
blood were drawn from three different individual.s and 5 c.c. ])ortions were di.s- 
tributed in tubes containing (1) sodium oxalate and (2) 15 to 20 mg. of a mix- 
ture of sodium oxalate and sodium cyanide in the proportion of two parts of the 
former and one of the latter One sample of eaeli series va.s centrifuged, and 
analyses were carried out on 1.0 c c. quantities of the plasma according to tlie 
method dcseriljed earlier. The remaining tubes of blood were kept at refrigerator 




1290 


THE JOURNAL, OF LABORATORY AND CLINICAL MEDICINE 


temper atiH'e (9 to 10° C.) and subsequently analyzed after varying intervals 
of time. In each case the time is reckoned from the moment the deproteiniz- 
ing agent (metapliosplioric acid) was introduced into the plasma. The results 
of the experiments are shown in Table II. These are in accord with the observa- 
tions of Farmer and Abt, Friedman, Rubin, and Kees, and Cushman and Butler. 
They show that the addition of sodium cyanide to blood offers no protection 
against the oxidation of the vitamin. 


Table II 

Influence op NaON on the Ascorbic Acid Values op Plasma 


(Wliole blood left at refrigerator temperature) 


BLOOD SPECIMEN 

TIME OP STANDING 

WITHOUT NaCN 

WITH NaCN 

E 1 

Hours 1 

Mg. per cent 

Mg. per cent 


° i 

1.02 

0.96 


2.5 1 

0.96 

0.96 


5.0 1 

0.90 

0.85 


24.0 

0.79 

0.79 

G. 

0 

1.27 

1.30 


2.5 

1.21 

1.24 


5.0 

1.15 

1.09 

P 

0 




2.7 

0.60 



4.0 


0.60 


27.5 

0.43 1 

0.49 


Comparable studies were made with potassium cyanide. Ten milligram 
quantities of several lots of C.P. potassium cyanide dissolved in 2 c.c. of 2.5 per 
cent metaphosphoric acid were found to decolorize about 1.5 to 1.6 c.e. of d)m 
with an ascorbic acid equivalency of 0.012 mg. per c.c. In addition, two other 
lots of sodium cyanide tvere tested in quantities 5 to 6 times as large as those 
reported for potassium cyanide, and the titration values were found to be of the 
same order of magnitude as blank determinations on equivalent volumes of meta- 
phosphoric acid alone. When these larger amounts of sodium cyanide were 
used, much larger quantities of metaphosphoric acid were necessary because 
of the alkalinity produced by the former. 

These tests led us to suspect that the samples of potassium cyanide might 
be contaminated with ferrocyanides. Ferrocyanicle is listed as a common con 
taminant of both C. P. sodium and potassium cyanides. Moreover, ferrocyani es 
may be used in the preparation of cyanides. Tests on small amoun s o 
potassium ferrocyanide dissolved in metaphosphoric acid showed t us su s a 
decolorized the “indicator reagent”; 0.86 mg. quantities of potassium eiio 
cyanide dissolved in 2 c.c. of 2.5 per cent metaphosphoric acid were 
decolorize 0.58 c.c. of dye (1 c.c. of dye = 0.222 mg. of ascorbic aci ) . £ 

lists 0.005 per cent as the maximum limit for ferrocyanides as ‘ . 

C.P. cyanides of sodium and potassium. Another common ‘ j 

cjmnides is thiocyanate. This substance was found not to deco oiize i 

for the titration of vitamin C. i i nnnl 

Further evidence that the decolorization of 2,6 g,j jm- 

by potassium cyanide is attributable to the wii the sodium 

purity was obtained by carrying out the Prussian blue 
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and potassium cyanides whicli we had available. Five-tenths to 1 Gm. quantities 
of the different samples of potassium cyanide were found to give strong positive 
Prussian blue reactions, while similar quantities of the various sodium cyanides 
failed to give this test. 

During the routine analysis of a large number of blood specimens we had 
observed that when an appreciable amount of hemolysis was present the ascorbic 
acid values were usually low. In this connection it has been reported by Gabbe,^° 
Kellie and Zilva,^^ van Eekelen/' Emmerie and van Eekelen,^® Berend and 
Fischer,^® and Klodt,®® that in the presence of oxyhemoglobin a part of the 
ascorbic acid is lost or destroyed. Fischer*^ has observed that the rate of dis- 
appearance of ascorbic acid in the presence of liemoglobin is extremely rapid. 
According to the work of Gabbe,'® van Eckelen,'^ and Borsook and co-workers, 
if whole blood or red blood cell suspensions are deproteinized with acid pre- 
cipitants, little or none of the ascorbic acid which is present is found in the 
resulting filtrate. The release of hemoglobin from the red blood cells during 
the process of deproteinization appears to account for this change. 

Table in 


Influence op HEiiOLVSis and NaCN on Ascorbic Acid Values or Plasma 


blood 

SPECIMEN 

TIME OF STANDING 

PLASMA ^VlTHODT 
HEMOLYSIS 

PLASMA + 0.1 C.C. 

PER 

HEMOLYZED BLOOD 
C.C. 

WITHOUT NaCN 

1 WITH NaCN 


Slinutes 

Mg. per cent 

Mg. per cent 

1 Mg. per cent 

1 

0 

0 96 




5 

- 

0.73 

0.73 


1 20 

1 

0.6S 

0.62 




0.62 

0.57 




0.62 

0.57 


120 

0.85 1 

- 

- 

2 

0 

1.10 1 

0.75 

0.75 


8 

1.07 i 

0.75 

0.75 


20 

- 1 

0.70 

0.70 


40 

- 

0.70 

0.70 


60 

0.93 

0.64 

0.G4 


90 

- 

0.64 

0.64 


120 1 

0.87 

0.58 

0.58 


180 1 

0.87 

- 

- 


Relative to tliis, some studies were carried out to determine the effect of 
hemolyzed blood upon the ascorbic acid content of plasma. In conjunction with 
this, a study was made to ascertain whether cyanide prevented the loss or de- 
struction of ascorbic acid which is brought about by hemolysis. The results of 
several such experiments are listed in Tables III and IV. 

In carrying out these experiments blood was drawn from different individ- 
uals and collected in oxalated tubes. The plasma was separated and distributed 
in 3 or 4 tubes. Portions of the original blood or red corpuscles therefrom wore 
hemolyzed with distilled water (one volume of blood or red blood cells to four 
volumes of water) and added to the plasma in the quantities indicated in the 
tables. Before the addition of the laked red blood cells sufficient distilled water 
was added to the control tubes and to the tubes which were to receive the lesser 
amounts of hemoglobin solution to adjust all preparations to equivalent dilution. 
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Analyses were carried out immediately after introduction of the hemolyzed 
blood cells and also after varying time intervals. One cubic centimeter aliquots 
of the mixtuies were employed and the method used was the same as indicated 
earlier. In the instances where cyanide was tested a sufficient amount of this 
compound was added to give a concentration of approximately M/50. From an 
inspection of the data in Tables III to V it can be observed that hemolysis pro- 
duces an instantaneous disappearance of ascorbic acid which is not prevented 
by the presence of sodium cyanide. This is followed by a slow decline in the 
concentration of the vitamin which also occurs in the specimens without 
hemolysis. The initial loss in ascorbic acid is also observed to increase with 
increase in the concentration of hemoglobin (Table IV). It is desirable here to 
point out that hemolysis must be avoided if reliable results are to be obtained for 
the reduced ascorbic acid values of plasma. 


Table IV 


Influence op Increase in Hemolysis on Ascorbic Acid Loss in Plasma 


BLOOD 

SPECIMEN 

TIME OF 

STANDING 

PLASMA 

PLASMA + 0.1 
C.C. HEMOLYZED 

BED BLOOD 
CELLS 

PLASMA + 0.2 
C.C. HEMOLYZED 
RED BLOOD 
CELLS 

PLASMA + 0.3 
C.C. HEMOLYZED 
RED BLOOD 
CELLS 


Minutes 

Mg. per cent 

Mg. per cent 

Mg. per cent 

Mg. per cent 

B' 

Immediate 

1.27 

1.06 

0,94 

0.80 


15 

1.12 

0.94 

0.88 

0.77 


30 

1.12 

0.97 

0.85 

0.68 


60 

1.06 

0.94 

0.82 

0.68 


120 

1.00 

0.94 

0.82 

0.71 

G 

Immediate 

1.10 

0.92 

0.86 

0.74 


15 


0.92 

0.86 

0.74 


30 

0.98 

0.86 

0.74 

0.6S 


60 


0.86 

0.74 

0.6S 


120 

0.92 

0.83 

0.74 

0.6.5 


Further evidence that the “alleged” stabilization of ascorbic acid in i oo 
by potassium ejmnide is a mere artifact was obtained by carrying out paia e 
analyses on blood which had been treated ivith both sodium an po assiui 
cyanide. The addition of cyanide in quantities equal to or greater t an loso 
recommended by Pijoan and Klemperer has been observed to pro uce ^ ® ’ 
this observation has also been reported by Farmer and Abt. le Coi e 
hemolysis has also been found to vaiy with the concentration o cyani e. 
hemolysis tends to decrease the indophenol titer of the bloo , one wou - 
cyanide (above a certain limiting concentration) to produce mic i a 

Actually that is what happens when sodium V" Tf ^ 10 ^ whicl. 

potassium cyanide is used, the reducing substance (probab y eiio y 
is present in the former as a contaminant tends to compensate in ^ the 

ascorbic acid which is lost as a result of hemolysis. Tai . .ynides 

data obtained in two experiments in which both sodium and potassium ciam 

were used. , nf 

In these experiments 50 c.c. quantities of sodium 

two subjects and placed in centrifuge tubes containing P 
oxalate. The blood was centrifuged and the plasma was In 

cedwre at this point was somewhat different in each o 
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Experiment 1, 10 c.o. portions of the plasma were placed in each of two test 
tubes. One cubic centimeter of distilled water was added to one 10 c.c. aliquot 
of the plasma and 1.0 c.c. of bemolyzed red blood cells to the other. The hemo- 
lyzed red blood cells were prepared by washing a portion of the centrifuged 
corpuscles twice with pliysiologic saline and adding i volumes of distilled water 
to one volume of eorpuscles. Two eubie eentimeter aliquot portions of each of 
these preparations were immediately transferred to centrifuge tubes containing 
the quantities of each cyanide listed in Table V. Analyses were carried out on 
these by a metliod which was essentially the same as that of Farmer and Abt,° 
differing only in the use of 10 per cent metapliosphoric acid instead of 5 per 


Table V 

IKCKEASE IN APPARENT ASCORBIC ACID BY KCN AND ABSENCE OP INHIBITION OP CYANIDE ON 

Ascorbic Destruction Due to Hemoglobin 


EXPERIMENT NUMBER j 

CYANIDE ADDED 

NO HEMOLYSIS ] 

HEMOLYSIS 

1 

None 

Ascorbic acid mg. % ■ 
0.94 1 

Ascorbic acid mg. % 
0.61 


2 mff. NaCH 

0.89 

0.61 


4 mg'. NaCN 

0.80 

0.58 


2 mg. KCN 

1.02 

0.S3 


4 mg. KCN 

1.23 

1.06 

2 

None 

1.28 

1 0.67 


2 niff. NaCN 

1.20 

' 0.70 


1 4 mff. NaCN 

1.17 

1 0.70 


2 mff. KCN 

1.45 

1.14 


1 4 ing. KCN 

1.5C 

1 1.23 


cent metapliosphoric acid as a protein precipitant. The procedure used in the 
second e.vperiment is as follows : 2 c.c. portions of the plasma were transferred 
to 10 centrifuge tubes containing the same quantities of sodium and potassium 
cyanide as was used in the first e-xperiment. Two-tenths cubic eentimeter quan- 
tities of bemolyzed corpuscles, prepared as described above, were added to each 
of 5 of the tubes, followed by 3.8 c.c. of distilled water and 4 o.e. of 10 per cent 
metapliosphoric acid. In setting up the remaining tubes for analysis the quan- 
tities of reagents were the same as recommended by Parmer and Abt. Tlie 
anaij’ses were carried out as soon as possible after the withdrawal of the blood. 
It is advisable to emphasize the fact that in tlie first experiment the iiemolyzed 
corpuscles were added before the addition of the cyanide and in the second after 
the addition of tlie cyanide. The results show that the same effect is obtained 
regardless of whether cyanide is added to the plasma before or after the addition 
of tile Iiemolyzed blood cells. 

Althongli various explanations have been offered for the mechanism of the 
action of hemoglobin on the vitamin, it would not be desirable to do more than 
]ioint these out, since we have no evidence to offer in this connection. Van 
Eekelen*' and Kellie and Zilva^^ attribute the loss of ascorbic acid to oxidation 
of the latter by the oxygen of ox}'heinoglobin. Klodt“° is in accord with this, 
and claims to have shown that the loss of ascorbic acid parallels the oxygen 
saturation of the hemoglobin. On the other hand, Fischer, and also Gahhe, are 
not in agreement with this view. They believe that ascorbic acid is ^‘bound 
adsorptively ’ ’ by hemoglobin and does not disappear as a result of oxidation. 
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CONCLUSIONS 

Whole blood left at refrigerator temperatures does not lose an appreciable 
amount of its ascorbic acid in two to three hours, and can be expected to give 
reliable anatytical values within this period after withdrawal. In contact with 
corpuscles the average loss is only 12.6 per cent in twenty-four hours. There is 
no evidence to indicate that cyanide added to blood protects the vitamin from 
oxidation. Potassium cyanide itself decolorizes 2,6 dichlorophenolindophenol 
probably by virtue of the presence of ferrocyanide as an impurity. In the col- 
lection of blood for ascorbic acid determinations hemolysis must be avoided, since 
the lelease of hemoglobin from red blood cells produces a loss or destruction of 
the vitamin C of the plasma. The loss of vitamin C resulting from hemolysis is 
not prevented by cyanide. 
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THE TREATMENT OF ACUTE ATTACKS OF BRONCHIAL ASTHMA 
BY INTRAArENODS INJECTION OF AMINOPHYLLIN* 


Henky Ashley Carr, M.D., New York, N. Y. 


T HE first example of tlie use of purine bodies for relief of asthma was the 
elinioal observation that hot coffee would sometimes relieve an acute attack. 
This was Imown for years, and was noted by Sollmann‘ who states that the 
mechanism was probably “partly psychic and partly bronchial.” As he points 
out, PaP in 1912 noted that in guinea pigs, caffeine would relax bronchial spasm 
induced by peptone or muscarine; also Higgins and Means^ in 1915 demonstrated 
that caffeine would cause bronchial dilatation in the human being, and Meyer* 
demonstrated that it stimulates the I'espiratory center. 

Recently other purine compounds have been found of striking benefit in the 
relief of asthma. As early as 1931 Herrmann and Aynesworth' successfully 
treated a refractory asthmatic by intravenous injection of 0.48 Gm. of amino- 
phyllin diluted to 10 o.e. About this time also van Leeuwen® suggested the use 
of the xanthine group for asthma. In 1936 Hajos’ noted their benefits and sug- 
gested that theophyllin facilitated the absorption of adrenalin. Efron and Tuft, 
in the discussion of a review by Tuft and Brodslty,® mentioned favorable results 
in bronchial asthma from intravenous administration of aminophyllin. Green, 
Paul, and Feller* in 1937 reported 16 such cases, and showed that aminophyllin 
caused definite increase of vital capacity, and lowered venous and intrathecal 
pressure without affecting arterial pressure or pulse rate. In the same month, 
Herrmann and Ayuesworth* reported a thorough and extensive review of the 
subject, and presented 16 persons on whom adrenalin had been ineffectual. 
These received 41 injections, 31 of which ‘ ‘ afforded prompt, complete, and per- 
sistent relief. ’ ’ Two cases were unsuccessful. Mild reactions to the drug were 
common. They noted that intravenous administration of aminophyllin ap- 
parently restored sensitivity to adrenalin. An additional case has recently been 
reported by Bro™* who believe that adrenalin reactivity may be so restored. 
No fatalities have been reported. 

DATA 

During a ten-month period from July 1, 1938, to May 1, 1939, 41 different 
patients with acute bronchial asthma were treated on the wards of the Fourth 
Medical Division of Bellevue Hospital. Of these 22 were found to be refractory 
to adrenalin, and their acute attacks were treated by intravenous injections of 
aminophyllin. The adrenalin used was a solution containing one part of ad- 
renalin (as adrenalin chloride) in a thousand parts of physiologic solution of 
sodium chloride. It was administered subcutaneously in the usual manner. The 

•From tlie Fourth Medical Division. Bellevue Hospital, New York. Dr. Charles H. 
Nammack, Director. 
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Table I 

Results in All 22 Patients 


CASE 


9 

10 


11 

12 


13 

14 

15 

16 
17 

IS 

19 

20 
21 
22 


AGE 


38 

47 

54 

63 

28 

33 

42 

9 ’. 


47 

21 


34 

26 


39 

53 

26 

68 

43 

29 

41 

36 

73 

43 


SEX 

DISEASE 

DURATION 

NUMBER 
OP IN- 
JECTIONS 

RESPONSE TO 
0.48 GM. 
AMINOPHYLLIN 
INTRAVENOUSLY 

DURATION OP 
BENEFIT 

TOXIC EFFECTS 

jM 

M 


4 

Immediate 

12-15 houis 

Vomited 


5 

5 minutes 

5-12 hours 

Nausea 

M 

M 

KH 

1 

20 minutes 

2 hours 

None 


1 

15 minutes 

2l hours 

None 

F 

0 years 


Immediate 

3-4 hours 

None 

F 

16 years 

1 

Immediate 

12+ hours 

None 

F 

9 years 

1 

10 minutes 

12+ hours 

None 

F 

4 years 

2 

5 minutes 

19—20 hours 

Burning in 
chest and 
head 

M 

15 years 

1 

10 minutes 

Slight 1 hour 

None 

F 

3 years 

35 

5-30 minutes 

Transient 5 
minutes to 

12 hours 

Occasional 
nausea and 
vomiting 


1 year 

3 

Immediate 

J^S hours 

None 

M 

6 years 

1 

2 minutes 

5 hours 

Dizziness, 
retching and 
"pounding 
head ’ ’ 

M 

9 years 

3 

5-10 minutes 

3-10 hours 

None 

p 

1 year 

1 

Immediate 

3 hours 

Vomiting 

p 

3 years 

3 

Immediate 

1-2 hours 

None 

p 

20 years 

1 

Immediate 

No recurrence 

None 

F 

5 years 

2 

Immediate 

12-16 hours 

Nausea and 
vomiting 

P 

Several 

1 

Immediate 

No recurrence 

Head and chest 
pains 

P 

8 years 

1 

10 minutes 

No recurrence 

None 

ISI 

Several 

1 

Immediate 

:7o recurrence 

None 

P 

Several 

1 

5 minutes 1 

recurrence 

None 

M 

19 years 

7 

Immediate 

,2-36 hours 

None 


dosage, except where otlienvise noted in the tables, was 0.5 c.c. No allergic 
studies were made on these cases. They were considered acute emergencies and 
treated as such. In all cases the aminophyllin was given undiluted, 0.48 Gm. in 
2 c.c. of aqueous solution. The entire amount was administered intravenously 
within two minutes, a 25 gauge hypodermic needle preferably being used. 
About a third of our cases showed one or more of the following undesirable 
symptoms: dizziness, nausea, retching, immiting, “pounding of the head, 
“burning in chest and head,” or head and chest pain. No alarming effects were 
noted. No striking or permanent effects were noted in either pulse or blood 
pressure. 


RESULTS 

Twenty-two different patients Avere given a total of 78 injections of 0.4S 
Gm. or 2 c.c. of aminophyllin intravenously. No regard was given to body 
weight, age, or sex. Weights varied between 85 and 160 pounds, and ages fiom 
21 to 73 years. Ten patients ivere males; 12 were females. The duration of dis- 
ease in these patients varied from one to twenty years. 

In half of the cases relief ivas immediate. Tlie effect in others was eiident 
in twenty to thirty minutes. The duration of benefit was from one lour ^o 
absence of recurrence over a period of days. In no ease was it necessarj 
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ijive more tlian one injection within a period of less than two hours. These- 
observations are shown in Table I. 

We did not note any restoration of effectiveness of adrenalin, but can only 
conjecture tliat tliis may have hai)pened in view of the number of persons that 
reiiuired only one injection, were subsccpientlj’ discharged, and apparently did 
not have another refractory attack. Slightly more than one-half of our patients 
fall into this class. 


Table II 


Patients Keceiviko iNTnAVENOus Amikopiiyllin Only 




sex 

RESPONSE 

NO OF ATTACKS 

TREATED 

TOXIC SYMPTO.MS 

DISEASE 

DURATION 

1 

34 1 


Iiiiinediate i 

3 

None 1 

1 year 


20 1 

il 

2 minutes 

1 

1 

Dizziness, retch- 
ing, pound- 

ing head” 

6 years 

o 

39 

1 

5-10 minutes 

3 

None 

9 years 

4 

53 

F 1 

rmmediato 

1 

Vomited 

1 year 

5 

26 

F 

Immediate 

.®. 

None 

3 years 

1) 

GS 

F 1 

Immediate 

1 

None 

20 years 

7 

43 

F 

Immediate 

2 

Nausea and 
Tomiting 

5 years 

S 

29 

F 

Immediate 

1 

Head and chest 
pains 

None 

Several years 

0 

41 

F 

10 minutes 

1 

8 years 

10 

36 


^ Immediate 

1 

None 

Several years 

11 

73 

F 

5 minutes 

1 

None 

Several years 

12 

43 

it 

' Immediate 


None 

19 years 


Those patients receiving intravenous injections of aqueous solution of 
aijiinophyllin for acute asthma without history of lu'cvious medication for the 
immediate attack are shown in Table II. In 8 of the 12 cases relief was immedi- 
ate and striking. Four obtained relief within ten minutes. One-third had 
minor toxic symptoms. All stated that they experienced greater relief than that 
given b}’ adrenalin on previous acute epi.sodcs. 


Table III 


PATIENT.S Keceivino Intiiavenou.s Aminoimiylun Following Adrenalin 


C\SE 

AGE 

SEX 


INTERVAL FROM 
LAST 

ADRENALIN 


TOXIC 

SYilPTOMS 

DISEASE 

DURATION 

1 

38 

M 


24 hours 

Immediate 

Vomited 

4 years 


47 

U 

0.5 c.c. 
(mtrave- 

45 minutes 

5 minutes 

Nausea 

1 year 

5 yeais 

3 

54 

SI 

1.25 c.c. 

25 minutes 


None 


4 

63 

M 


105 minutes 

15 minutes 

None 

7 years 

3 

28 

F 


6} hours 

Immediate 

None 

3 years 

6 

33 

F 


12 hours 

Immediate 

None 

16 years 

7 

42 

F 


S Iiouis 

10 minutes 

None 

9 years 

8 

23 

P 

0.5 c.c. 

8 times 

40 minutes 

5 minutes 

Burning in 
chest and 
head 

4 years 


In Table III are pre-sented 8 patients ivho had lieen given adrenalin injec- 
tions by tile ambulance surgeon or admitting ijbysiciaii for their present attack 
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without relief. The interval between the adrenalin and the aminophyllin injec- 
tions varied from twenty-five minutes to twenty-four hours. All patients were 
benefited. Three of them obtained good results immediately; the others, in 
twenty to fifty minutes. Three had minor toxic symptoms. 


Table IV 
Atypical Cases 


1 

CASE 

1 

AGE 

SEX 

RESPONSE TO 

0.4S GU. 
a:minophyllin 

INTRAVENOUSLY 

NO. OP ATTACKS 
TREATED 

TOXIC SY5IPTOMS 

REMARKS 

1 

47 

M j 

10 minutes, slight 

1 

None 

Response not strik- 

2 

21 

^ ! 

i 

Varies from 5 min-j 
utes to half hour. 

35 

1 

Occasional nausea 
and vomitiiig 

mg ^ 

Originally effective 
but relief now 
only transient 


The two patients in Table IV are classed by themselves. The first was a 
47 -year-old white man whose history ivas of fifteen years’ standing. His benefit 
was only slight after ten minutes, and lasted only one hour. His clinical pic- 
ture was complicated by marked emphysema and syphilitic heart disease. His 
asthma was of an allergic type. 

The second ease was that of a 21-year-old white ivoman who had been under 
almost constant treatment for the previous three years. Having been found 
allergic to many substances, she was not benefited by desensitization, removal of 
recurrent nasal polyps, or various other nose and throat procedures. Even ii- 
I’adiation of her sinuses, hilar regions, and blocking of her stellate gan^glia 
offered no relief. Being accustomed to giving herself adrenalin (as muc as 
twenty 0.5 e.c. injections of 1:1,000 solution per day), she became refiactory o 
it. Amjd nitrite inhalations and nitroglycerin sublingually afforded on y \er\ 
transient relief. Emaciation and emphysema were marked. When s e^ rs 
received intravenous aminophyllin, nine months ago, the relief was stri ^ 

lasted several days. In the course of her disease she received a tota o J 

jections. While they still afforded her some benefit, it was more transien . 
complicating factor was the fact that she had few available veins, an su 
injections had to be intramuscular ; they were painful and definite y ess e ec 


SUMMARY 

1. Perusal of the literature reveals that during the past nine^ of 

asthmatic attacks have been successfully treated by •(], 

aminophyllin. At least 33 cases are reported in the American literature 

no fatalities. _ i 

2. During a ten-month period this drug has been extensi\ ely u^ ,Qj.a{ 3 ie 
cases on the Fourth Medical Division of Bellevue Hospital with v •> 

and immediate results. . , , I 

3. Twenty -two persons with severe bronchial asthma j-g. 

78 injections ol nminophyUto. Twent,. S-', f “f 

sponse. Two responded less laToraWy. injections, 

standing asthmatics who had been treated with t 












C.UIR: USE OF AJtlNOPHYtiLIN IN BRONCHLUi ASTHMA 


1299 


but whose attacks persisted unabated. Twelve persons received aminophyllin 
alone for their present attack with almost immediate favorable response. 

4. All cases were to varying degrees refractory to adrenalin. 

5. Eight cases showed minor toxic symptoms. No untoward effects were 
noted. 

CONCLUSIONS 

1. Aminophyllin, when given intravenously, is a most efficacious drug in 
tlie treatment of intractable acute attacks of bronchial asthma. 

2. It is especially useful in cases which have become refractory to adi’enalin. 

Note: Since acceptance of our paper, the subject has also been considered by the fol- 
lowing authors, with no unto^^a^d results noted: 

Efron, B. C., and Everett, P.: Theophylline Ethylenediamine (Aminophyllin) in Bron- 
cliial Asthma, New Orleans M. & S. J. 92: 77, 1939. 

Keeney, E. L.: The Medical and Surgical Treatment of Severe Bronchial Asthma, 
Bull. Johns Hopkins Hosp. 66: 34, 1940. 

I am Indebted to Dr. Charles H. Namniack tor pernnttms the publication of this study. 
I wish to thank him, Dr. Gertrude H. B. Nicholson, and Dr Arthur H. Tiber for their helpful 
suggestions and criticisms. 
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LABORATORY METHODS 


A NOTE ON THE DETERMINATION OP TOTAL SERUM PROTEINS, 
SEEUJM ALBUMIN, AND SERUM GLOBULIN^ 


Ida Kraus, Ph.D., Chicago, III. 


T^HE following is a modified procedure adapted from the methods of Camp- 
bell and Koeh.2 Campbell’s use of sodium sulfite at room temperature to 
precipitate serum globulins instead of sodium sulfate at 37° C. (the method 
of Howe^) is particularly valuable for the clinical laboratory where the facil- 
ities are limited. Wef have tried the two methods in duplicate on 25 different 
human sera, and found that the differences between the two methods were well 
within the experimental error of the duplicate determinations of each method. 

The procedure is now employed at the Cook County Hospital. The total 
nitrogen is determined in a diluted serum; the nonprotein nitrogen, in a 
trichloracetic acid filtrate; the albumins (plus N.P.N.), in the filtrate from the 
globulins precipitated by sodium sulfite. Prom these data the total serum 
proteins, serum albumins, and globulins are calculated. 

The reagents used include ; 

1. Sodium chloride 0.9 per cent. 

2. Sodium sulfite 21 per cent. 

3. Trichloracetic acid 5 per cent. 

4. Sulfuric acid 1 :1. 

5. Hydrogen peroxide, 30 per cent reagent grade. 

6. Nessler-Polin reagent (Koch modification). 

7. Standard ammonium sulfate solution (5 c.e. = 0.15 mg. nitrogen). 

PROCEDURE 

Total serum proteins (albumins plus globulins) : Pipette accurately 0.5 c.c. 
of serum into a 25 c.c. graduate cylinder or volumetric flask and make up to 
volume with 0.9 per cent of sodium chloride. Jlix well by inversion and 
transfer 1 c.c. of the solution to a 1 by 8 inch pyrex test tube for a micro- 
Kjeldahl detex-mination. 

Albumins: Pipette 0.5 c.c. of serum into a test tube and add from a 
burette or pipette 9.5 c.e. of 21 per cent sodium sulfite. Mix by inversion and 
allow to stand at room temperature for ten minutes or longer. Filter through 
a txvice-folded 7 cm. Whatman No. 40 filter paper*. At first the solution comes 
through turbid, but by refiltering a water clear filtrate is obtained (if neces- 
sary add a knife edge of pumice). Transfer 0.5 c.e. of the clear filtrate to a 
1 by 8 inch pyrex test tube for a micro-Kjeldahl determination. 

•From the Department of Biochemistry, Cook County Hospitai, Clilcago. 

tDr. Homer "Weir and myself. 

Received for publication, September 28, 1939. 
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Nonprotein Nitrogen; Pipette accurately 1 c.c. of serum into a 1 by 8 
inch test tube or a 50 c.c. Erlenmcyer flask and measure accurately from a 
burette 14 e.c. of 5 per cent trichloracetic acid. Mix well and filter. Use 
4.5 e.c. of the clear filtrate for a miero-Kjeldahl determination. 

Micro-Kjeldahl; To each tube add 1 c.c. of 1 :1 sulfuric acid and a bead, 
and evaporate off the water by heating on a sand bath until dense white fumes 
of sulfuric acid fill the tube. Remor’e the tube and cool for thirty seconds. 
Then add 1 or 2 drops of 30 per cent hydrogen peroxide. Heat over the free flame 
for one minute. Usually the fluid remains water clear, but in case a discolora- 
tion appears, repeat the treatment with hydrogen peroxide and reheat for one 
minute. Treat blanks on all reagents similarly. Allow the tubes to cool and 
add 34 c.e. of distilled water. Stopper and mix by inversion, add 15 c.e. of 
Nessler-Polin reagent. Mix, let stand five minutes or more, and compare in 
colorimeter with the standard. The most convenient standard was found to 
bo 5 c.e. ammonium sulfate* (equals 0.15 mg. N) plus 1 e.c. of 1:1 sulfuric acid, 
and 29 e.c. water. Mix and add 15 c.e. Nessler’s reagent. 


Calculations . — 
a. Total nitrogen; 


Standard reading 


Unknown rcadiiq 
Mg. N in 100 c.e. of serum. 


X Cone, standard (0.15 mg.) x x 


b. Albumin plus N.P.N.;^ x Cone, standard x x -7^: 

U 0.5 0.5 


■ Mg. albumin plus 


N.P.N./lOO e.c. serum. 

0. N.P.N. : X Cone, standard x 4.5 x = N.P.N./lOO c.c. serum. 

(If 50 or less, the correction is insignificant and can be omitted.) 
Changing N to % of protein : 

6 25 

(a - c) X , = % total protein. 


(b _ c) X 


1000 

6.25 

1000 


% albumin. 


% total protein - % albuniin = % globulin. 
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•If too dark or too light, make up anothei standuid using nioie or less ammonium sulfate 
and more or less water, the other additions remaining the same. 



A SIMPLE AID IN MAKING A BLOOD SMEAE 


Bernard Sills, Mexico, D. P. 


VI^HEN making blood smears with the “Ehrlich two-cover glass method” 
VV one encounters discouraging difficulties that compel one either to abandon 
the method and resort to one less reliable, or to devote a special amount of time 
to acquiring the technique. I have found that by using a simple device many of 
the difficulties can be overcome. The hands need not come in contact with the 
cleaned cover glasses until after the drop of blood has spread between their sur- 
faces. The body of the familiar wax match used in Mexico serves satisfactorily 
for the wax stick. 







/ i_ 

1 

\ / 






One places two perfectly clean cover glasses face to face, so that their worK- 
ing surfaces are in contact, and then gently warms the tip of a wax stick until 
the wax just begins to melt. (This is done by passing the stick once or tivice 
above the flame of a match.) The tip is then placed in contact with the edge 
of the top cover glass and held in place until the wax hardens (about 15 seconds), 
thus fixing the wax stick to the top cover glass (Pig. !)• 

A drop of blood is obtained by pricking the finger or lobe of the ear. The 
top cover glass is lifted by means of the newly attached handle, and is touched 
to the drop of blood. It is then placed upon the other cover glass in such a 
manner that none of the corners coincide (Pig. 2). Contact causes the dxop of 
blood to spread. Before the blood coagulates, the adherent cover glasses aie 
lifted by the wax handle and are pulled apart by grasping the outer coineis of 
the under glass uuth one hand and the wax handle with the other (Pig- 
After drying, a gentle twist will detach the wax stick. 


Received for publication, September 30, 1333. 
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AN EVALUATION OF METHODS FOR DETERMINING BLOOD AND 
URINARY AMYLASE* 


Daniel L. Dozzr. MD., Philadelphia, Pa. 


E vans* (I 9I2), FearoiP (1918), Elman and MeCaiighan® (1927), Myers and 
Reid^ (1933), Piekford and Dorris^ (1934), SomogyP (1938), and others 
liave made comparisons of the various methods employed for the quantitative 
estimation of amylase in blood and urine. Despite these investigations, there is 
no uniformity of opinion regarding which method or methods should be adopted 
for general use. The present study was undertaken in an attempt (a) to 
evaluate the methods from the standpoint of adequacy; (b) to observe the limita- 
tions of and the objections to each metliod; (c) to determine whether the same 
method is adaptable for the studj" of both blood and ui'ine. 

METHODS 

Three basic methods are generally employed for the quantitative estimation 
of amylase in blood and urine. The method proposed by ‘Wohlgemuth,’ fre- 
quently called the iodine method, is based upon the disappearance of the iodine- 
starch blue color as the enzyme is producing hydrolysis of the starch. The 
second method, referred to as the saccharogenic method, has many modifica- 
tions. It depends upon the determination of the amount of copper-reducing 
sugar formed by the enzymatic breakdown of starch. The third method, kno^vn 
as the viscosimetric method, relies upon the diminution in viscosity of a starch- 
enzyme mixture as scission of the starch particles is taking place. 

The iodine method selected in the present study for both blood and urine 
was the Somogyi® modification of the Wohlgemuth test. Somogyi® has shown 
that the efficiency and accuracy of the method are increased by adopting time 
as the object of measurement. For the saccharogenic method, the procedure 
outlined by Somogyi,® which involves the Shaffer-Hartman copper-reduction 
method, was followed in estimating the amount of amylase in serum. The 
method I had adopted in another study® was used for determining the urinary 
amylase. The method involves the reduction of copper after the urine had been 
freed from interfering nitrogenous substances. Tlie viscosimetric method, as 
employed by Elman and IMcCaughan,® was used for both urine and blood. 

PROCEDURE 

Healthy female dogs were selected, placed in metabolism cages, and main- 
tained on the same diet throughout the experiment. Twenty-four-hour col- 
lections of urine were made by eatheteriziiig at the beginning and at the end 
of the twenty-four-hour period. The urine obtained by the catheterization at 

•From the Harrison Department of Surgical Research and the Department of Physiological 
Chemistry of the University of Pennsylvania, Philadelphia. 
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pancieatetomrif r “‘>'5' <I<>S ■>■><’ in flogs sukmilted to 

I Cl eatectomy ligation of pancreatic ducts, administration of chloroform and 

following renal injury produced by the administration of nranhim 11 ^ 

condit'iom‘^t^p^^4^’!" subjected to exactly the same 

• ,, ’ fliffoient tests were run simultaneously on both serum and urine 

the same water bath at a temperature of 40° C. ± 0.5° C. The duration of 
neubation varied with the particular method, employing the same starch, elec- 
tiolyte, and phosphate solutions. 


1 1 prepared according to the method of SmulP“ 

an buffered to a pH of 6.8 with a phosphate solution; 5.S4 Gm. of sodium 
Chloride per 1,000 e.c. of prepared starch solution were then added. The 
strength of the starch solution differed with each method as follows; iodine 
method (0.4 per cent), saccharogonic method (2 per cent), and the viscosimetric 
method (7 per cent). 

The amount of urine and serum used in each test also varied witli the 
pai ticular method in the following manner ; iodine method, 1 c.c. serum, 4 c.c. 
mine; saccharogenie method, 0.5 e.c. serum, 5 e.c. urine; viscosimetric method, 
0.4 e.c. serum, 2 e.c. urine. On the whole, each method studied was performed 
as advocated by the proponent of the particular method, with the exception of 
the starch solution and the quantity of enzyme solution used. Somogjn® used 
corn or rice starch in preference to potato starch. I have found potato starcli 
entirely satisfactory. The quantities of enzyme solution were reduced because 
the present studies were conducted on dogs, and it is kno-wn that more amyla.se 
is found in the blood or urine of the dog than in man. 


RESULTS 


In general, all the methods studied ivere adequate for detecting a major 
increase or decrease in the amount of amylase in either blood or urine. How- 
ever, in certain conditions, Avhich wall be pointed out later, one method proved 
to be more accurate than another. When studying the amylase content of serum, 
the methods tended in general to parallel one another qualitatively, but there 
is considerable quantitative difference. A typical example of the quantitative 
variation is shown in Pig. 1. The curves in Pig. 1 were obtained by calculating 
the amount of amylase per 100 e.c. of serum and expressing it in terms of unit.s 
of amylase, or milligrams of glucose according to the particular method, then 
plotting the per cent rise or drop of amylase following certain procedures, using 
the first determination for the base line. The zero point on Pig. 1, therefore, 
does not indicate the absence of amylase. The per cent quantitative variation is 
the most marked for the Wohlgemuth method and the least marked for the 
viscosimetric method. The variation in the (|uanlitative expression for eacli 
method may support the theory advanced by Crandall,” that the enz.vine which 
produces changes in viscosity may be unlike the enzyme which promotes the 
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formation of c'0ppei’-redijcin;>- sii^jar from tho hydrolysis of starch. Further- 
more, tliis may substantiate the view taken by Fearon,^ that eaeli method de- 
pends ui)on different phenomena. Despite the possibility tliat one maj' ])e study- 
ing different enzymes, it would appear that when studying urine an iodine 
method would always display greater fluctuations. On the other hand, since 
tile duration of incubation and the quantity of urine and serum used ivitli each 
test varied witli the method, it is likely that some of the quantitative differences 
merely indicates that one method represents the optimum of enz3me activity 
while another is carried furtlier to the point where the curve of enzyme activity 
begins to level oft’. 


■ ~ — I VbAigemufh 

3accharo^enic 
Viscosimeiric 



Fiff. 1 — Comparison of the methods Used when studying seium. 


The saceharogenic metliod was entirely satisfactory, except when studying 
the dogs with diabetes, in which case it was necessary to resort to smaller 
quantities of serum. If there is marked hj'pcrglycemia, one has either to use 
great dilutions or to resort to some procedure which will eliminate the excess 
sugar. In cither event the method w’ould not be desirable. In general, the 
saceharogenic method is more accurate in that it eliminates tlic difficulty of 
detecting small color changes and is entirely' applicable even if the serum is 
discolored by bilirubin or some other pigment. Also it excludes the possibility 
of decolorization of the iodine in cases -with azotemia. 
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The iodine method was quite satisfactory, except in the icteric dogs, at 
which time it was impossible to interpret the color changes. Occasionally with 
any sample, it was difficult to obtain a clear-cut end point. The viscosimetric 
method w'as satisfactory from the standpoint of simplicity and ease of per- 
formance. How'ever, a serious objection was noted in that ofttimes an immedi- 
ate, appreciable drop in viscosity ivas recorded wffien the starch solution and 
serum were brought together, which was independent of enzj^me action, for the 
same result was obtained after the serum had been heated sufficiently to de- 
stroy the enzyme. Somogyi“ has recorded this same source of error and has 
taken pains to demonstrate that the phenomenon is independent of enzyme action. 


■Wohl^emuih 

^a.ccharo^e77ic 

•Viscosiineiric 



Elman and McCaughan^ have also noted this error, but felt that tie ^ 

not great enough to make the method objectionable. Elman an ^ c 

have objected to the iodine and saccharogenic methods on the 

"a long chain of separate reactions occurs in the diastatic foiniation o ° 

from starch, and the relative activity of the enzyme towaid the^ i 

of the chain remains unlmown” when selecting an arbitrary peiio ° .-nfiine 

measurement. This objection is overcome by the ® aetivitv is 

method used for this study wherein the progress of the amy 

observed at frequent inteiwals. One could ^ iueubate for 

genic method by setting up a series of tubes and allowing ^ . nv 

k-erent periods of time thereby determining the amylase actmtv 
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desired interval rather than adopting an arbitrary period of time. However, 
this does not seem necessary. 

What has been said in the foregoing discussion concerning the methods 
when used for studying serum, applies, to some extent, when used with urine. 
The methods usually parallel one another qualitativelj', as they did with serum. 
However, occasionally the iodine method did not follow the other two methods. 
A typical example of this deviation is shown for twenty-four-hour urines in 
Fig. 2, where it will be noted that the iodine method may indicate the presence 
of a large amount of amylase, whereas the other two methods show a low amylase 
content. This, undoubtedlj’’, is due to decolorization of the iodine by the urine. 
Jlany workers have pointed out that all urines are capable of decolorizing iodine 
to a certain e.xtent and consequently the iodine method is very unreliable with 
urine. The viscosimetrie method is also unsuitable with urine because the initial 
reading following the addition of urine is practically alwaj's materially altered, 
necessitating frequent corrections of the “zero point.” The saccharogenic 
method, altliough time-consuming, is entirely satisfactory witli tiie same excep- 
tion found when studying scrum, in that it is difficult to employ if there are 
large quantities of sugar in the urine. While greater errors were noted when 
studying urine, the urine studies yielded no information that could not bo 
obtained from tiie serum studies. 

SUMMARY AND CONCLUSIONS 

Iodine, saccharogenic, and viscosimeti'ic methods were compared in both 
blood and urine of dogs tliat had Jiad various pi’ocedures pei^formcd for produc- 
ing rises and falls in amylase. 

Witli all these methods one could detect in general appreciable changes in 
amylase content of blood or urine. However, there were considerable variations 
in the results. I conclude that while no one method is entirely satisfactory 
under all circumstances, the saccharogenic method is the most accurate and has 
fewer objectionable features than any other method studied. This method, 
though generally satisfactory, is difficult to employ when there is marked hyper- 
glycemia or glycosuria. The method is equall}- applicable for studying blood or 
urine. The Wohlgemutli method is satisfactory for studying serum but i.s 
unreliable for studying urine. The viscosimetrie method, being attractive for 
its simplicity and ease of performance, is suitable for studying serum except 
for an objection which has been pointed out. This method is not satisfactory 
for studying urine because of tiie necessity of fre(nient corrections of the “zero 
point.” 

Our observations confirm the opinions of Evans,* Fearon,^ llyers and Reid,^ 
and Somogyi*' in that tlie copper-reduction method for estimating amylase is 
the most accurate. 

Since all metliods are less satisfactory with urine and urine yields no 
additional information, we question the advisability of performing routine 
urine studies. In order to have accurate data, the tests on urine must be per- 
formed on twenty-four-hour collections as Avas pointed out in another study, “ 
a factor which introduces many difficulties. I studied” the normal fluctuations 
in urinary amylase in tlie liealtliy human being and found that tlie fluctuation 
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from individual to individual and in the same individual from day to clay was 
so great that the interpretation of results is difficult. It is my belief that dis- 
crepancies in reports from different laboratories are due to normally wide ranges 
rather than to an inadequacy in methods for estimating amylase. 
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THE EAPID DIAGNOSIS OP MALARIA PROM THICK BLOOD SMEARS* 


Guillermo Castro, D. Sc., Panam.i, R. P. 


I 


N THE tropical divisions of the United Pruit Company, malaria is the most 
prevalent disease. Many cases presenting the clinical symptoms of this is 
ease appear at the hospital ovit-patient clinic daily, and a rapid ® 

blood examination is essential. A quick staining method for thick b oo RiSi 
which may be completed in seven minutes or less, is described herein. uoi 
to the development of this method, dispensary patients suspectec o ia\ o 
malaria were given treatment for it, and told to return the fo on 
further instruction after ascertaining the results of their bloo j 

The old method of preparing, staining, and examining the t icv ^ 
about tivo hours. Under the present method, patients need wai o 
minutes for reports on their bloods. * , v n 

The latest eomiilete publication on malaria which has come to 
is that of Nocht and Mayer,' published in 1937. Concerning nc ' s 
authors state on page 127: “All preparations must e a owe n„jf an 

pletely . . . before further treatment . . - they must not ® jj^jf 

hour.” On page 129 : “. . . stain the unfixed, well dried piei ^ 

an hour -with Oiemsa’s stain, as described . • • sbght waim o 
fan ventilator accelerates drying.” 

•From the Chiriqui Land Company Hospital, Puerto .\rmuelle_, P 
Received for publication. November 11. 1939. 
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From the foregoing quotation, it is obvious that more than an hour woulcl 
elapse before the preparation would be ready for examination. The method 
recommended here is a modification of the one mentioned by Barber and 
Komp- as a “quick staining of thick films for early diagnosis.” It gives us 
reliable results in so short a time that it has been adopted as routine in our 
laboratory. 

PROCEDURE 

1. Place a large drop of blood (about three times the amount needed for 

a thin film) 14 hich from the end of a clean slide, and smear it well in a circle 
of about 1/2 diameter. Place the slide on a hot plate, at about 50°-60“ 

C., where the blood will dry in less than one minute. The top of the chalet 
form microscope lamp makes an excellent hot plate for this purpose. j\Iake a 
semicircle with a wax pencil, enclosing the blood between the pencil mark and 
the edge of the slide. 

2. Prepare the staining solution in the following manner: To 3 drops of 
old distilled water in a short tube add 1 or 2 drops of Giemsa’s stain. The 4 
or 5 drops of this fresh staining solution is just sufficient to cover the area 
enclosing the blood. 

3. As soon as the blood is dry, stain for tliree to five minutes, with the 
slide in a horizontal position. Then wash very gently in a washing tray filled 
with tap water or, preferably, old distilled water, submerging the slide hori- 
zontally in the washing tray, moving it backwards and forwards, and removing 
it slowly. This will prevent the blood film from being washed away. Drain 
off the excess water, and stand the slide on end in an inclined and almost 
vertical position, on the liot plate or in front of the microscope lamp. 

The slide should be removed from the hot plate the moment the smear 
begins to lose its moist appearance. Further heating at this point would cause 
decolorization. Failures are due to overheating while drying after staining. 
Restained smears are less satisfactory. 

Our Giemsa’s stain is prepared according to the directions given by 
Benavides:^ “Place 2.4 gv. of Azur II eosin (Grubler) in a clean Erlenmeyer 
flask and then add 200 c.c. of C.P. anhydrous glycerin. The flask is covered 
with a well-fitted cork and then placed in a water-bath at 60 degrees C. for 30 
minutes. The flask is shaken once or twice during this period. It is then 
removed from the bath, and 200 c.c. of C.P. acetone free methyl alcohol are 
added; and, after mixing the contents, the flask is again placed in the hot 
water-bath for another half hour — shaking it once or twice during this period. 
It is then removed, and left in the incubator overnight at 37 degrees C. Next 
day it is passed througli filter paper and .stored in 200 c.c. bottles tliat have 
been thoroughly cleansed, washed with methyl alcohol, and dried before use 
These bottles are well stoppered and kept in a dark place.” 

RE.SULTS 

The result is essentially that of the usual well-stained thick blood films. 
The red blood cells are completely decolorized. Sehuffner’s dots in large 
tertian parasites may be brought out in the thinner parts of the smear. l\Ialarial 
pigment is readily observed. The parasites stain deeper than in the usual 
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tliiek blood films; this is especially true of the cytoplasm of tertian parasites. 
The leucocytes are so easily classified that we often do differential counts in 
our smears. The basophilic granules of some erythrocytes often seen in 
anemias, and especially the anemia of chronic malaria, are shown well. The 
presence of such basophilic staining suggests chronic malaria and calls for c.y- 
tensive search if parasites are not found immediately. 

The time interval between the taking and the staining of the blood is of 
paramount importance. With an increasing interval between the taking and 
the staining of the blood, the stain, when used with this method, loses its 
ability to dehemoglobinize the red blood cells. Very poor re.sults are obtained 
with bloods taken more than twelve hours in advance, iloreover, the method 
is not practicable for large numbers of smears (e.g., as in .surveys), because 
each slide has to be stained separately. At the most, 4 or 5 bloods may be 
smeared on one slide and stained at once. 

For the outpatients, and for those acutely ill and requiring prompt atten- 
tion, this method is of particular value, as it permits a rapid examination and 
estimation of the severity of infection, the quality and approximate quantity 
of the leucocytes, and the response to treatment. In cases in which a prompt 
diagnosis is not urgent, the method of Barber and Komp may be preferred. 

SUMM/VRY 

A rapid method for the staining of thick blood films for the diagnosis of 
malaria, and its applicability to routine dispensary and hospital work, is 
described. 
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THE DETERMINATION OP pH VALUES OP BIOLOGICAL FLUIDS 


II. THE INFLUENCE OP TEMPERATURE, DILUTION, AND 
THE TYPE OP DILUENT UPON THE pH VALUES OP 
BACTERTOLOGIC JIEDIA* 


Albert Glaubiger, New York, N. Y. 


INTRODUCTION 

T he pH values of a number of biological products and baeteriologic media, 
obtained by colorimetric and electrometric methods at 25° C. and 30° C., 
have been presented in a recent paper.' Depending upon the particular colori- 
metric procedure employed, the test solutions were diluted with fixed quantities 
of distilled water or physiologic saline solution. The pH values of the undiluted 
test fluids, obtained witli tlie glass electrode, were in agreement well within the 
limits ±0.3 pH unit, with the values of the diluted test fluids obtained by means 
of the different colorimetric methods. In the pre-sent work, the pH values of a 
number of buffer solutions and baeteriologic media, diluted witli varying quanti- 
ties of distilled water or saline solution, have been determined at temperatures 
between 10° C. and 38° C. 

In order to determine the pH values of the bacteriologie media as accurately 
as possible at the stated temperatures, a series of pH determinations was first 
made on standard buffer mixtures. These data were then tested for their degree 
of confomity with thermodynamic principles and an approximate form of the 
Debye-Huckel limiting law. A comparison was also made with the pH values of 
these reference buffers obtained by Macinnes and Hitchcock and their co-workers 
at the various temperatures.^*' From these tests it was found that the Maclnnes- 
Belcher glass electrode, in conjunction with the Young Electron Ray Meter, 
give accurate and reproducible results at the temperatures of measurement. 

The general problem of pH measurement, as well as the specific applications 
of pH measurements to problems in bactcriologj', has been fully described by 
Clark.®’ “ Zimmermann has recently made a study of the errors involved in 
electrometric pH determinations of culture media.' Employing the quinhydrone 
electrode and saturated calomel electrode system, he studied the variation of pH 
with temperature for bouillon and agar bouillon media. He also measured the 
effect of aqueous dilution upon the pH values of the media. 

The use of semi-fluid media for bacterial cultivation has presented a new 
problem in pH determination. It has been generally recognized that colorimetric 
methods do not always give satisfactory and accurate results.® To this end, the 
present study of baeteriologic media has been extended to include pH measure- 

•From the William Hallock Paik Laboratory, Bureau of Laboratories, Department of 
Health, New York. 

Received for publication, November 29, 1939 
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ments at various temperatures on a semi-fluid medium and on a semi-solid 
medium commonly employed in bacterial culture. 


EXPERLUENTAL AIETHODS 


The procedure adopted in this work consisted of the measurement of pH 
values of the test solutions set up in a galvanic cell with liquid junction: 

Glass, Test Solution : KCl (saturated) : HgCl, Hg 
The Young Electron Hay kleter was employed in conjunction with a Maclnnes- 
Beleher durable condenser type glass electrode. The latter has been fully de- 
scribed in the literature.®’ The Young Electron Ray Meter is a potentiometer 
capable of recording either in millivolts or pH units. In these experiments, the 
instrument was set to read directly in pH units. The Electron Ray Meter em- 
ploys a cathode ray tube in conjunction with a five-element vacuum tube as mill- 
point indicator. 

Buffer solutions were prepared with Baker’s “analyzed” salts. A 0.05 
molar primary potassium phthalate (KHC 8 HJO 4 ) solution was used as a primary 
pH standard. This solution ivas prepared from the crystalline salt purchased 
from the National Bureau of Standards. The pH values of 0.05 molar primary 
potassium phthalate have been carefully determined at various temperatures by 
Macinnes and his co-workers.'* On the basis of their ivork, the following pH 
values were assigned to the standard phthalate solution and used throughout 
this work : 

0.05 lil KHC,H,0, 

t° C. 10 15 20 25 30 35 33 

pH 4.00 4.00 4.00 4.00 4.01 4.02 4.02 


The baeteriologic media were prepared from the best ingredients available, 
according to the methods described mainly by \V’adsworth.“ Suitable pre- 
cautions were observed hi order to maintain the sterility of the test solutions. 
Dilutions were made with sterile distilled water or physiologic saline solution, 
and the solutions were stored in sterile 1 ounce bottles. Immediately before and 
after pH determinations, the test solutions ivere stored in the icebox at about 


7“ C. 

pH measurements were carried out by enclosing the glass electrode fiHc 
with test fluid in an electrically grounded metal case, which in turn was enclosec 
in an incubator with thermostatic temperature control. By means of the lattei, 
the temperature around the glass electrode assembly (glass and satuiate 
calomel electrodes) was kept constant within +0.5° C. during any measurement. 
When not in use, the glass electrode was filled with distilled water. By t u.s 
practice, the residual potential within the glass membrane (asyinmetr} po 
tential) ivas maintained at a low constant level.® pH measurements weie ^ 
with sodium acetate and borate buffer mixtures in order to cover the legion p 
4.0 to pH 9.0. Within this pH range, the iMacInnes-Beleher glass electrode, m 
conjunction with the A'oung Electron Ray Meter, functioned acciuatej wi ni 
the limits ±0.02 pH unit. 


EXPERIMENTAL RESULTS 

The pH values in Tables I and II represent the results of at least t 
concordant measurements. 



GLAUBIGEB; DETEKIIINATION OF pH VALUES OF BIOLOGICAL FLUIDS 1313 

Tile following are the compositions of the media employed in these experi- 
ments* : 

(A) Piieumocoecus broth- beef heart infusion, peptone (Parke- 
Davis) 1 per cent, disodiiim ])hospha1e 0.2 iier cent. 

(B) Veal hrotli: veal infusion, peptone (Difeo) 1 per cent, sodium 
ehloride 0.5 per eeiit. 

(C) Glucose beef lieart phosphate brotli: beef heart infusion, 
peptone (Parke-Davis) 2 per cent, glucose 0,5 jier cent, disodiuin phos- 
phate 0.2 per cent. 

(E) Diphtlieria broth: distilled water 7 liters, bacto-veal (Difeo) 

1 lb., proteose peptone 2 jier cent, sodiinn chloride 0,5 per cent, sodium 
acetate 1 per cent. 

(P) Hormone broth (semi-fluid 1 -. beef heart infusion, peptone 
1 per cent, sodium chloride 0 5 per cent, gelatin 0 2 per cent. 

(G) Glucose beef heart phosphate agar (semi-solid) : beef heart 
infusion, peptone 1 per cent, glucose 0.03 per cent, disodium phosphate 
0,2 per cent, agar 0.25 per cent. 

Table I summarizes the results obtained with the acetate and borate buffer 
mbitures, Tlie changes in tlie pH values for any one solution of the acetate 
buffer mixtures was 0.07 pH unit or less between 10° C. and 38° C. In column 
(1) is given the degree of dilution or the percentage dilution of the acetate buffer 
mixture witli distilled water or ph.v.siologic saline (0 85 per cent NaCl) solution; 
columns (2) and (3) show the molar eoneentrations of acetic acid and sodium 
acetate, respectively, after aqueous or saline dilution; and column (4) shows 
the molar concentration of sodium ehloride in the butler solutions diluted with 
physiologic salt solution. Tlie maximum and minimum pH values for the dilu- 
tions between 10° C. and 38° C. for the aqueous and saline buffer mixtures 
are shown in columns (5) and (6), and the average pH values between 10° C. 
aud 38° C. for all dilutions of the buffer solutions made up with distilled water 
and with saline solution are shown in columns (7) and (8). 

For the borate buffer mixtures, columns (1) to (3) have the same signiti- 
eance as in the first part of Table I. The pH values of tlie test solutions diluted 
with distilled water or physiologic saline solution at the different temperatures 
are presented under column (4;. 

Prom the data in Table I, it is evident that for the acetate and borate buffer 
mixtures, the pH values increased with increasing aiiueous dilution at all tem- 
peratures studied. Dilution with ph.vsiologie saline solution, on the other hand, 
decreased the pH values or increased the hydrogen-ion activities of the buffers. 
For both the diluted and undiluted borate buffer mixtures, the pH values de- 
creased with increasing temperature, but for the acetate mi.xtures, the pH values 
at the different temperatures remained constant within the limits of precision of 
the instrument. These results are in agi-eemeiit witli those obtained by Soren- 
son,’® Kolthoff,’^ and others.* 

•Thanks are due to Miss M. McGiaOi. of the Media Division, for kindly providine the 
media used In this work. 
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TiVBLE I 

Acetic Acuh- SopiuM Acetate Buffers 



^ Table II siimmai-izes the results obtained with the bacteriologic media. The 
rst part of the table shows the pH data for aqueous dilutions of tlie media. The 
^con part shows the results obtained with saline dilutions of the media. 
0 umn (1) gives the names and composition of the media; column (2) indicates 
e 65,1 ee of dilution with distilled Avater or physiologic saline solution; 

CO umn (3) shows tlie pH values at vailous temperatures of the diluted and un- 
diluted media. 

The pH data under column (3) in Table II show that the pH values in- 
closed Avith increasing aqueous dilution for pneumococcus liroth, veal brotli, 
an glucose beef heart phosphate broth (pH unadjusted). In the ca.se of 
'phtheria broth and glucose beef heart phosphate broth (pH adjusted eolori- 
metrically) there Avas a decrease AA’ith increasing aqueous dilution. TJie pll 
values of the hormone broth and glucose beef heart phosphate agar remained 
fairly constant (ea. ± 0.03 pH unit), AAuth either aqueous or saline dilution to 
about 50 per cent dilution. The results AA'ith salme dilution Avere more uniform 
than with aqueous dilution of the media. The hydrogen-ion activities of all the 
media studied increased Avith increasing saline dilution. 




ZO 25 JO 

t'C 

Fig. 1 . The variation of pH with temperature for the undiluted media The letteis at the end 

of the curves correspond to those given in Table II. 

Prom the data at 25° C. for aqueous dilutions of glucose beef heart phos- 
phate broth (pH unadjusted), tlie following linear equation has been obtained 
by the Method of Least Squares: 

pH 0.14 

£ 0 **9 -I- — 

Percentage dilution Percentage dilution '• ■' 

By rearranging the terms in equation (1) and substituting the appropriate 
values for the percentage dilution, the pH values of this medium at different 
degrees of dilution have been computed. The average difference between the 
observed and calculated pH values at 25° C. was found to be ±0.03 pH unit. All 
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Table II 
Water Diluent 


(1) 

(2) 

1 (3) 

MEDIA 

% WATER 
DILUTION 



15 

HI 

25 


35 

38 

(A) 

Pneumococcus broth 

0 

10 

25 

50 

75 

90 

7.47 

7.47 

7.48 
7.51 
7.53 
7.53 

7.43 

7.43 

7.44 
7.46 
7.50 
7.50 

7.40 

7.40 

7.42 

7.45 

7.49 

7.49 

7.35 

7.37 

7.38 
7.42 
7.45 
7.45 

7.31 

7.32 

7.33 
7.37 
7.41 
7.43 

7.29 

7.30 

7.31 
7.34 
7.39 
7.42 

7.23 

7.25 

7.26 
7.29 
7.34 
7.36 

(B) 

Veal broth 

0 

10 

25 

50 

75 

90 

7.97 

7.97 

7.93 

7.95 

7.92 

7.77 

7.87 

7.87 

7.85 

7.85 

7.84 

7.77 

7.82 

7.83 
7.83 
7.83 
7.86 
7.83 

7.75 

7.75 

7.75 

7.76 
7.78 
7.74 

mM&M 


1 

(C) 

Glucose beef heart 
phosphate broth 
(pH unadjusted be- 
fore measurements) 

0 

10 

25 

50 

75 

90 

6.24 

6.24 

6.24 

6.30 

6.37 

6.43 

6.19 

6.21 

6.21 

6.25 

6.34 

6.40 

6.17 

6.19 

6.20 
6.25 
6.33 
6.39 

6.15 

0.17 

6.18 

6.23 

6.32 

6.37 

6.13 

6.13 

6.15 

6.20 

6.29 

6.35 

6.11 

6.11 

6.12 

6.18 

6.25 

6.30 

1 

(D) 

Glucose 
beef heart 
phosphate broth 
(pH adjusted 
colorimetrically) 

0 

10 

25 

50 

75 


7.68 

7.67 

7.67 

7.67 

7.61 

KjH H 

|l 

7.45 

7.45 

7.45 

7A5 

7.43 

7.42 

7.42 

7.42 ' 

7.43 
7.40 

7.33 

7.33 

7.33 

7.34 
7.31 

(E) 

Diphtheria broth 

0 

10 

25 

50 

75 

90 


7.06 

7.01 

7.01 

6.98 

6.97 

6.86 

7.01 

7.00 

0.98 

6.98 

6.95 

6.85 

6.90 

6.89 

6.89 

6.87 

6.85 

6.78 

6.85 

6.84 

0.83 

6.82 

6.82 

6.75 

6.84 

6.84 

6.84 

6.82 

6.84 

6.80 

6.79 

6.79 

6.79 

6.78 
6.S0 

6.79 

(F) 

Hormone broth 
(semi-fluid) 

0 

10 

25 

50 

75 

90 


7.08 

7.04 

7.04 

7.05 
7.03 
6.88 

7.05 

7.01 

7.02 

7.03 
7.02 
6.91 

6.95 

6.93 

6.93 

6.95 

6.95 

6.86 

6.89 

6.87 

6.87 

6.89 

0.89 

6.82 

0.83 

6.83 

6.85 

6.86 
6.86 
6.85 

6.78 

6.77 

0.78 

6.S0 

6.S0 

0.85 

7.29 

7.29 

7.29 

7.29 

7.23 

7.21 

(G) 

Glucose 
beef heart 
phosphate agar 
(semi-solid) 

0 

10 

25 

50 

75 

90 


7.62 

7.57 

7.57 

7.55 

7.43 

7.28 

7.53 

7.50 

7.50 

7.50 

7.38 

7.26 

7.45 

7.42 

7.43 
7.42 
7.31 
7.22 

7.40 

7.39 

7.39 

7.39 

7.31 

7.27 

7.35 

7.33 

7.34 
7.34 
7.25 
7.25 


the media studied appear to obey the linear relationship between p /peicen Uo 
dilution and the reciprocal of the percentage dilution (1/percentage i u ion 
for aqueous and saline dilutions of the media at all temperatuies o measure 
ments. Fig. 2 shows the results obtained Avith aqueous dilutions of some o 
media at 25° C. 


DISCUSSION 

An examination of the pH data in Table I and Table II indicates 
I values of all the test solutions decreased witli increasing tempera ' 

; the acetate buffer mixtures). Moreover, the pH values ot a 1 ‘-t ^solution^ 

icreased Avith increasing saline dilution at The pH 

itained for aqueous dilution were not uniform foi a 
dues of some of the media increased Avhile the pH Aalu 
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Table II — Con't'd 

0.85 Per Cent Sodiu^i Chloride Diluent 


(1) 

(2) 

(3) 


% SALINE 

pH A’ALUES or 

MEDIA AT VARIOUS TEMPERATURES 

— t** C. 

MIdIIIA 

DILUTION 


15 


25 

■sa 

35 

38 

(A) 

0 

7.47 

7.43 

7.40 

7.35 

7.31 

7.29 

7.23 

Pneumococcus broth 

10 

7.45 

7.40 

7.39 

7.35 

7.32 

7.29 

7.24 


25 

7.45 

7.40 

7.38 

7.35 

7.32 

7.29 

7.24 


50 

7.44 

7.40 

7.37 

7.35 

7.31 

7,29 

7.22 


75 

7.41 

7.35 

7.34 

7.33 

7.29 

7.25 

7.20 


90 

7.34 

7.30 

7.31 

7.30 

7.25 

7 22 

7.18 

CB) 

0 

7.97 

7.87 

7.82 

7.75 

7.67 

7.58 

7.51 

Veal broth 

10 

7.94 

7.85 

7.82 

7.75 

7.68 

7.58 

7.51 


25 

7.94 

7.85 

7.82 

7.75 

7.08 

7.58 



50 

7.88 

7.85 

7.82 

7.73 

7.66 

7.56 

7.48 


75 

7.84 

7.75 

7.75 

7.68 

7.61 

7.53 

7.45 


90 

7.74 

7.68 

7.73 

7.63 

7.58 

7.49 

7.42 

(C) 

0 

6.24 

6.19 

6,17 

6.15 

6.13 

6.11 

6.08 

Glucose 

10 

6.22 

6.19 

6.18 

6,16 

6.14 

mm 

6.07 

beef heart 

25 

6.22 

6.18 

6.17 

O.K) 

6.14 

6.07 


phosphate broth 

50 

6.22 

6.16 

6.17 

6.16 

6.14 

6.07 


(pH unadjusted be- 

75 

6.21 

6.16 

6.1 C 

6.16 

0.13 

■mm 

6.06 

fore measurements) 

90 

6.20 

6.14 

6.13 

6.13 

6.13 

6.08 

6.06 

(D) 



7.68 

7.61 

7.53 

7.45 

7.42 

7.33 

Glucose 



7.63 

7.56 

7.47 

7.43 

7.40 

7.30 

beef heart 

25 


7.63 

7.56 

7.47 

7.42 

7.39 

7.30 

phosphate broth 



7.62 

7.55 

7.45 

7.40 

7.36 

7.27 

(pH adjusted 

75 


7.55 

7.48 

7.39 

7.34 

7.32 

7.23 










(E) 

0 


mm 

7.01 

6.90 

6.85 

6.84 

6.79 

Diphtheria broth 

10 



6.98 

6.SD 

6.83 

6.84 

6.78 


25 


mimm 

6.97 


6.83 

6.S3 



50 


6.97 

6.95 

6.85 

6.81 

6.82 

6.77 


75 


6.04 

6.93 

C.S3 

6.79 

6.S0 

6.70 


90 


6.76 

6.79 

6.75 

6.74 

6.78 

6.74 

(p) 

0 



7.05 

6.05 

6.89 

6.83 

6.78 

Hormone broth 

10 


7.03 

7.00 

6.91 

6.85 

C.S2 

6.77 

(semi-fluid) 

25 


7.04 

7.02 

6 93 

6.87 

0.83 

G.7S 


50 


6.99 

6.97 

6.90 

6.94 

6.85 

6.76 


75 


6 99 

6.97 

6.90 

6.84 

6.84 

6.76 


90 


6.85 

6.85 

6.79 

6.72 

6.67 

6.57 

(G) 

0 


7.62 

7.53 

7.45 

7.40 

7.35 

7.29 

Glucose 

10 


7.55 

7.48 

7,40 

7.39 

7.33 

7.28 

beef heart 

25 


7.55 

7.4S 

7.41 

7.38 

7.33 

7.28 

phosphate agar 

50 


7.54 

7.48 

7.41 

7.38 

7.32 

7.27 

(semi-solid) 

75 


7.23 

7.20 

7.22 

7.25 

7.25 

7.21 


90 


7.26 

7 2.3 

7.1S 

7.19 

7.17 

7.13 


creased with increasing aqueous dilution. Up to about 50 per cent dilution with 
distilled water or saline solution, the changes in pH values of the media were 
fairly small. 

While nutrient media are used between 37'“ C. and 38° C. for the cultivation 
of microorganisms, the pH values of media are generally determined at room 
temperature between 20° C. and 25° C. Tabic II sliows moderate but real differ- 
ences in the pH values of the media beUvcen 20° C. and 38° C. which ranged 
up to 0.5 pH unit. This was true for the diluted and the undiluted media. 
These facts must, therefore, be considered in the determination of the initial 
optimum pH values of media for bacterial cultivation. 

In view of the preceding considerations, the linear relationship developed 
between pH and temperature on the one hand, and pH and the degree of dilu- 
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Pig. 2. — The variation o£ pH values of the media with the degree of aqueous dilution (per cent 
dilution). The letters at tlie end of tite curves correspond to those given in Table ll. 


tion on the other, is useful in colorimetric determinations of the pH values 
of media. By the measurement of pH values of any medium at two or three 
temperatures, the pH values at other intermediate temperatures are predictable 
ivith a fair degree of accuracy. Although it has been shown that empirical p 
values below 10 ° C. and above 38° C. may be obtained by extrapolation of the 
appropriate data, such pH values are strictly empirical and have no theorotka 
significance as yet. Likeivise, since the dilution of test tiuids is an essential pio- 
eedure in the coloi-imetrie metliod. the pH values of media may be deteimmc 
at two or three dilutions with a specific diluent. From the relationship e 
veloped for the pH/percentage dilution and the reciprocal of the per ^ ^ 
tion, pH values 11103 ’ be evaluated at 0113 ’ other dilutions with the same i uen 
fairly accurately. 

SUMMARY 

The pH values of a number of diluted and undiluted buffei 
baeteriologic media have been determined between 10° C. and 3 . 

measurements in a cell with licpiid junction. Linear relationsiiips 01 ^ 

studied have been indicated between pH and temperature on the one r , 
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pH and degree of dilution on the other. The Toung Electron Eay Meter, in 
conjunction with the Macinnes-Beleber durable condenser type glass electrode, 
has been found to yield accurate and reproducible pH values within the limits 
of experimental eiTor, over tlie temperature and pH ranges studied. 
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A PEOCEDURE FOR THE ROUTINE DETER JillNATION OP VITAMIN B, 

IN URINE 


Joseph W. Perrebee, M.D., and George A. CakdexN, 3I.D., New York, N. Y. 


* I 'HE Hennessey and Cerecedo* method for determining the vitamin con- 
A tent of biological material has been modified to adapt it to the routine 
determination of vitamin in urine. A preliminary extraction with benzyl 
alcohol- is not necessarj- for the small amount of urine required in the determina- 
tion of vitamin by the tlnochrome reaction. The permutit adsorption can 
be regulated so that other urinary constituents do not interfere witli the adsorp- 
tion and elution of the vitamin. Urine samples may be run directly through 
simple adsorbing columns at room temperature, and a large niunber of de- 
terminations may be carried out simultaneouslJ^ The tlnochrome reaction is not 
difficult to control in potassium chloride eluates from these columns, and the 
recovery of thiamine added to urine samples is about as good as its recovery from 
standard aqueous solutions (Table I). 

Adsorption columns are set up with “Polin” permutitf which has been 
heated for two hours on a steam bath with an equal volume of 25 per cent 
potassium chloride kept acid to Congo red with sulfuric acid and then washed 
free of excess potassium by four changes of 0.1 per cent acetic acid. A column 
of this permutit, 1 cm. by 7 cm., is used, and the flow through it is kept between 
1 and 0.5 e.e. per minute bj’’ a fine capillary at the bottom of the adsorption tube.j: 
One to 10 c.c. of filtered urine made up to a total volume of 10 c.c. and acidified 
with acetic acid to pH 4.5 (nitrazine paper) are run through a column, and the 
unadsorbed urinary substances are in great part removed by washing with 20 c.c. 
of distilled water and 10 c.c. of hot 0.1 per cent acetic acid. The vitamin is 
eluted by passing over the column 15 c.c. of boiling 25 per cent potassium 
chloride acidified to pH 2 (Congo red) \Uth sulfuric acid. The washing with 
hot acetic acid and the elution are carried out at an elevated temperature^ main- 
tained by suspending the tubes in a chamber heated by an ordinary electiic heat 
reflector. Tubes are not allowed to run diy wliile being heated, and fies i 
permutit is used with each urine sample. 

Three cubic centimeters of alkaline ferricyanide (30 c.c. of 15 pei cent 
sodium hydroxide and 1 c.c. of 1 per cent potassium ferric 3 muide) and 13 c.c. o 
freshlj- distilled isobutanol are added in the order given to a 5 c.c. aliquot o 
cooled* eluate in a small separately funnel. A trace of the jmllow feincjani e 
color should persist in the aqueous phase for at least ten seconds. en an 
occasional eluate requires ferricjmnide, a drop or two of 1 pei cent potassim 
ferricyanide maj' be added directlj- without alteration of the thiocuome jie 


From the Department of Medicine and the Department 
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Table I 


Recovery of Vitamin B, From Pebmutit Columns 


Date 

TYPE OP SOLUTION j 

VITAMIN CONTENT IN 

per cent of added 

GAMMAS 

[ VITAMIN RECOVERED 

lU/(i 

10 C.C. of aqueous solution 

plu.^ 

2 

! 97 


1 drop of acetic acid 

10 c.c. of mine pH 4.5 


2.3 



10 c.c. of same urine pH 4.5 

plus 

4.35 

103 


2 gammas of vitamin B, 




10/11 

5 c.c. of urine pH 4.5 


1.08 



10 c.c. of same urine pH 4.5 


3.20 



5 c.c. of same urine pH 4.5 

plus 

3.45 

90 


2 gammas of vitamin 




10 c.c. of same urine pH 4.5 

plus 

o.in 

90 


2 gammas of vitamin Bj 

10 c.c. of aqueous solution 

plus 

2 

87 


1 drop of acetic acid 




10/27 

10 c.c. of urine pH 4.5 


2.57 



10 c.c. of same uiine pH 4.5 


2.53 



10 c c. of same urine pH 4.5 

plus 

3.45 

90 


1 gamma of vitamin B, 




10 c.c. of same urine pH 4.5 

plus, 

3.40 

91 


1 gamma of vitamin B, 

10 c.c. of aqueous solution 

plus 

1 

95 


1 drop of acetic acid 




10/28 

10 c.c. of urine pH 4.5 


0.71 



110 c.c. of same urine pH 4.5 


0.0(5 



10 c.c. of same urine pH 4.5 

pluSj 

1.60 

92 


1 gamma of vitamin B, 

[10 c.c. of same urine pH 4.5 

1.01 

93 

plus 


1 1 gamma of vitamin B, 




Table II 

Conversion of Thiamine to Thiochromc by Alkaline Oxidation and Immediate 
Extraction With Isobotanol 


THIAMINE IN 

SAMPLES, 

GAMMA.S 

THIOCHROME 

FLUORESCENCE IN 

GALVANOMETER UNITS* 

0,2 

10 

0.5 

26 

1.0 

50 

1.0 

50t 

1.5 

73 


•0.52 gamma of a fresh thiochrome solution which has been protected from light gives 50 
galvanometer units of fluorescent light when treated with alkaline ferricyanide and extracted 
with isobutanol Since the molecular weight of thiamine chloride is 335, and the molecular 
weight of thiochrome is 262, the values given in this table represent approximately 67 per cent 
conversion of thiamine to thiochrome. 

tAn additional 0.2 c.c. of 1 per cent potassium feiricyanide was added to this sample 
fifteen seconds before extraction with isobutanol was begun. 


providing the thiochrome is at once shaken out into the isobutanol (Table II). 
The thiochrome is extracted hy vigorous shaking for one and one-half minutes, 
the layers are separated by centrifuging for one minute, and the aqueous layer 
is drawn off and discarded. The isobutanol is dried over a little anhydrous 
sodium sulfate for a moment, and the thiochrome fluorescence is measured in a 
Pfaltz and Bauer photoelectric fluoromefer* standardized against known 
thiamine solutions.* 

•The thiochromc content of these butanol extracts can also be estimated by comparison 
With standard thiochrome solutions in ultraviolet light. Thiochrome for making these solutions 
be obtained from Merck & Co., Rahway, N. J. 
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Table III 


I. Effect on i mil miin iliin him j , n , . , ~r~'_ 

aliquots of these eluatef ivitli 3 c.c. of alkali in atmofuher" f five-minute treatment of 
a. Fluorescence of immmliot. ™ of nitrogen. 


ux 

a. Fluorescence of iiiiiiiediate butanol 
extract 

20 

b. Fluorescence of butanol extract of 
similar aliquot treated with alkali 
and ferricyanide and extracted at 
once 

•W 

c. 1 gamma of thiamine in potassium 
chloride treated as in “b” above 

53 


Fluorescence of butanol extract made at end 
of alkali treatment 
7 

Fluorescence of butanol extract when ferri- 
eyanide is added to eluate at end of 
five-minute treatment with alkali in 
nitrogen atmosphere 
44 

1 gumma of thiamine in pota.ssium cliloride 
treated as in "b” above 
51 

eruates.''°S'7xt!-act£ nndrHot'”’' unoxidized 

alkalinity. cnons are made fiom solutions of comparable volume and 


A 

Fluorescence 
in galvanom- 
eter units 
41 
6 


After shaking with 3 
c.c. of alkaline ferri- 
cyanide 

44 

G 


B 

Fluorescence 

galvanometer 

units 

20 

II 


in 


After shaking one to two 
minutes with 3 c.c. of 
alkaline ferricyanide 
13 


Siniikr treatment of butanol extracts from a standard solution of thiamine 
•^0 30 3 


extracting oxidized urine eluate with butanol previously 
usM to e.\tract the thiochrome obtained from 1 gamma of thiamine. 

b. Fluorescence obtained c. Fluorescence obtained 
from 1 gamma of 
thiamine using freshly 
distilled butanol 


a. Fluorescence obtained 
from an aliquot of 
urine eluate using 
freslily distilled butanol 


30 


n9 


c. Fluorescence 

by using butanol of 
“b” to extract an- 
other aliquot of the 
same urine eluate 
79* 


equal j""* si or%^ 3 one would expect to obtain in (o) a fluorescence 


The conversion of thiamine to thiochrome in both standard solutions and 
eluates by this procedure is approximately 67 per cent of the theoretical maxi- 
mum for amounts of thiamine between 0.2 and 1.5 gammas (Table 11). In prac- 
tice the fluorometer is so adjusted that one gamma of thiamine when converted 
to thiochrome gives a galvanometer deflection of 51 units when the reagent blank 
IS equal to four units. For convenience, future adjustment of the fluorometer 
IS made against a permanent quinine standard^ prepared to give a fluorescence 
equal to that olitained by the 67 per cent conversion of one gamma of thiamine 
to thiochrome. 

Blank determinations for the thiochrome method are conventionally ob- 
tained by treating an aliquot with sodium hydroxide and extracting the allcaline 
solution with isobutanol. Such blanks vary considerably ivith different urine 
eliiates, but probably do not represent true blanks because in them the effect of 
oxidation upon contaminating fluorescent material is of necessity lacking. The 
blue fluorescence that appears in the blanks from permutit eluates is a lighter 
blue than that of thiochrome, is more sensitive than thiochrome to prolonged 
ti’eatment with allcali or to brief treatment with alkaline potassium ferricyanide, 
and for this reason, probably does not appear in the butanol extracts of oxidized 
eluates. As a result, blanks on urines of low vitamin content are often 
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greatei* tJian tJie tliiocJirome readings. When one of these blank butanols from 
an unoxidized urine eliiate is shaken with alkaline ferrieyanide, its light blue 
fluorescence disappears and is I'eplaeed by a thioehrome-like fluorescence of 
about the same order of magnitude as that which is obtained when a butanol 
blank from a standard solution of similar vitamin content is shaken with 
3 e.c. of alkaline ferriej^anide. On the other hand, the fluorescence of butanol 
extracts from oxidized eluates is like the fluorescence of pure thiochromc extracts 



Vie- I.— Average twenty- iour^hour urJnarj’ excretion of vitamin Bi m 10 interns. S, 
Average response of i to 500 -y of vitamin Bi subcutaneously. S, Average twenty-four-hour 
urinary excretion of vitamin Bi In 5 patients with temporanly inadequate Intake as a result ot 
recent acute Illness, Aveiage response of 3 to 500 7 of vitamin Bi subcutaneously. 5, Twenty- 
four-tiour urinary excretion of vitamin Bi In a patient with clinical vitamin Bi deflcicncy. G. 
a - e response of 5 to dally injections of 500 y of vitamin Bi subcutaneously : / and g response of 
5 to daily Injections of 1,000 y of vitamin Bi subcutaneously. 


in that it is not altered by resliaking with 3 c.c. of alkaline ferrieyanide. Butanol 
extracts from oxidized eluates fluoresce with what appears to be a pure thio- 
clirome color and seem to contain no materials interfering with thiochrome 
fluorescence. Tlie fluorescences obtained by extracting separate portions of 
oxidized urine eluate with butanol and with butanol plus a known amount of 
thiochrome give strictly additive readings. This is contraiy to the experience 
of Westenbrink^ with franconite eluates. As a result of these circumstances, 
wliieli are illustrated in Table III, we have felt it preferable to omit determina- 
tion of the blank and to substitute an arbitrary blank deduction equal to the 
reagent blank. 

DISCUSSION 


During tlie past year we Jiave made a large number of determinations of 
the urinary excretion of vitamin using permutit adsorption columns. Re- 
covery of thiamine added to these urines has been 95 ±15 per cent. Recently, 
using the procedure as above outlined, recoveries have averaged 92 +5 per cent. 
The chief source of error in the method appears to lie in the eluting process 
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which probably could be improved by a better control of temperature and rate 
of flow. Since the clinical variations which appear to be diagnostically signifi- 
cant are considerably greater than those inherent in the method (Pig. 1) we have 
not felt it necessai-j^ to complicate the present procedure by further refinements. 
It might be mentioned that these results are' more consistent than those we 
obtained by omitting the permutit adsorption and substituting a more time- 
consuming procedure similar to that recently perfected by Wang and Harris.^ 

Our experience with the stability of vitamin Bj in urine has been similar to 
that of Melnich and Fields.- Tlie vitamin content of urine is not altered by 
twelve hours’ incubation even when its pH is somewhat on the alkaline side, 
and it appears that the twenty-four-hour urinary excretion of vitamin Bj is, 
under most circumstances, a fairly reliable index of the patient’s vitamin B, 
intake. However, when this excretion is abnormally low, less than 50 gammas 
per twenty-four hours, it is important to distinguish between cases in which 
this is due to a temporarily inadequate vitamin Bi intake, such as may occur 
in acute illness, and cases in which the low vitamin Bj excretion represents a 
real deficiency (Pig. 1). A vitamin B^ tolerance test appears to be one way 
of solving this difficulty and work of this type is now in progress. 

SUMJIARY 

A simple procedure for determining the urinary excretion of vitamin Bj is 
described. 

The accuracy of the method and its application to the study of vitamin Bj 
metabolism in patients are discussed. 

We wish to thank Dr. D. J. Hennessey, of tlie Department of Chemistry of Fordham 
University, for help in this work. 
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THE JIEASUREIIBNT OP CELL VOLUME OP BLOOD BY THE 
CELL OPACITY METHOD* 


Alfred T. Shohi., M.D., Bostox, Mass. 


' I 'he problem of tlie volume of erythrocytes in blood is one of widespread 
A interest. Tlie variations under both physiologic and pathologic conditions 
have been widely studied for a long time. A great variety of methods have been 
devised for tile estimation of cell volume. The data have been reviewed at length 
by Ponder' in ins monograpli, and by CuesU and Wintrobe.^ Because of the 
difficulties involved in the various metliods and the controversy over their 
accuracy, wo have developed a new procedure which we have called the cell 
opacity method. Tliis is based upon the principle tliat light is obstructed in 
proportion to the volume of cells present. 

Tile transmission of liglit was applied to the measurement of cell volume fol- 
lowing the suggestion of Dr. K. A. Evelyn, whose photoelectric colorimeter* 
offers a means of determining the opacity of blood cells with accuracy, ease of 
manipulation, speed and economy of material. Blood is collected in a micro- 
pipette and suspended in a citrate solution. It is then exposed to light passed 
through a filter whicli transmits light in the region of 660 m^i. The amount of 
light transmitted is measured by its effect on a photoeleetrie cell and recorded 
on a galvanometer. The obstruction of light by particles in suspension is a 
very complicated phenomenon.'' Certainly some light must be reflected, re- 
fracted, and absorbed. The size and shape of the particles affect the transmis- 
sion of liglit. It appears, however, that blood constitutes a system sufficiently 
constant that an empirical relationship may be established between cell volume 
and galvanometer readings. Although interference with the transmission of 
light is in itself a basic physical phenomenon of undoubted significance, this 
paper deals only with the correlation of the degree of opacity with cell volume. 

Preliminary studies showed a direct relationship between cell opacity and 
the volume of blood used. In order to interpret the values obtained by the 
photocolorimeter, it was necessary to make measurements of cell volume on the 
same blood by another method. Of all the methods described, the hematocrit 
method, in which the relative volume of blood cells and plasma is determined by 
centrifugalization, is in most general use. This method was accepted for this 
study as the standard of reference, and an extensive series of comparisons was 
made. 

'From the Department of pediatrics. Hart'ard Medical School, and the Infanta' Hospital 
and the Children's Hospital. Boston. 
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TECHNIQUE 

The procedure adopted for the hematocrit method is as follows : Two to 3 
c.e of blood are obtained by venepuncture or heel stab and are either oxalated 
or heparinized to prevent coagulation. The oxalate solution contains 3 per cent 
ammonium oxalate and 2 per cent potassium oxalate; 0.04 c.c. per cubic centi- 
meter of blood gives a final concentration of 0.2 per cent of oxalate.® The de- 
sired amount of solution is evaporated on the walls of a calibrated tube in which 
the blood is to be collected, so that the blood will not be diluted. If heparin is 
used, 1 mg. per cubic centimeter of blood is required. After mixing', the un- 
coagulated blood is placed in a Wintrobe tube' or a Rourke-Brnstene tube,® 
capped to prevent evaporation, and centrifuged at 3,000 r.p.m. for thirty 
minutes. 

Centrifugalization causes a sharp separation of erythrocytes and leucocytes 
from the plasma. The imliime of red blood cells alone or of the combined red 
and white blood cells is then read in per cent of the total volume. Inasmuch as 
the wdiite cells ordinarily occupy a volume of about 0.5 per cent of the blood, for 
most purposes it is immaterial whether one reads the red cell volume or the total 
cell volume. In this study the volume of the erythrocytes alone was used. 

The technique for the cell opacity method, adopted after considerable trial, 
is as follows : Tor tliis determination alone blood may be obtained without anti- 
coagulants by skin puncture. If, however, a comparison is to be made with the 
hematocrit method, a portion of the blood containing anticoagulant, as described 
above, is used. Twenty cubic millimeters of blood are measured in a micro- 
pipette, calibrated '‘to contain.” Ten cubic millimeters may be used, and the 
cell volume may be interpreted from, the same chart if the result is multiplied 
by two. It is then delivered into a tube which contains 8 c.c. of citrate solution, 
and the pipette is rinsed with the solution.’* The tubes used must be of a size 
suitable for the Evelyn colorimeter, and tested for uniformity. The citrate solu- 
tion contains 3.0 per cent of sodium citrate (41.5 6m. per liter of sodium 
citrate .51^ tLO). Before this solution is diluted to the final volume, 1 c.c. of 
formalin (36 to 38 per cent formaldehyde gas) is added for each liter of solution, 

A tube containing 8 c.c.’ of the citrate solution is put into the photoelectric 
colorimeter with filter ‘ ‘ 660 of Evelyn. The setting is adjusted to give a 
galvanometer reading of 100. The tube containing the blood in citrate solution 
is then rotated to give an even suspension and is substituted for the blank 
tube. The galvanometer reading is not very steady at first, and deflects towai 
a lower numhei'. After fifteen to thirty seconds it becomes quite constant an 
does not alter for a number of minutes. The value is then translated into teims 
of cell volume by reading from a plot on semilogarithmic paper, an ahgnmen- 
chart, or a table, according to convenience (see Pig. 1 and Table I). The esta 
lishment of these standards is described below. 


RESULTS 

The method has a high degree of reproducibility, 
is so easy to carry out, 15 determinations ivere made on a iquo s 


‘The colorimeter available at present c' mm. ^of° blood. 

obtain the dilution given ^(1/400) it s necess^ to u^e ^ c ,ig,i ,y,. if lO c. mm. 
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blood. The galvanometer readings did not vary more than half a point from 
the average in any sample. 

We have made numerous comparisons of the values obtained by the liemato- 
crit method and tlie cell opacity method with both normal and abnormal bloods. 
In this communication we report the results of only one series of determinations. 

Througli the kindness of Dr. Jolin P. Hubbard and Miss Virginia Vogel, 
we were able to make observations on the blood of children attending the rheu- 
matic heart clinic of the Children's Hospital. Many of the cases were convales- 
cent or quiescent, and none were bed patients. Each child was subjected to 
venepuncture without undue stasis, and the blood was delivered from an all- 
glass syringe directly into a tube containing dry oxalate as described above. 



A series of 152 consecutive observations on blood samples examined for both 
cell volume and cell opacity is presented. No determinations were rejected. Re- 
finements in technique for either method were not attempted; the hematocrit 
readings were recorded to the nearest half per cent of the volume of blood, and 
the cell opacity measurements lo the nearest half mark on the galvanometer. 
These two values were plotted on semilogarithmic paper (sec Fig. 1). The 
ordinates represent tlie logarithm of the galvanometer reading, and the abscissas 
represent the cell volnme in per cent as determined by the hematocrit method. 
The point of intersection of tlie average cell volume and the average galvanom- 
eter reading was plotted and a line was drawn through this point to 98 on the 
ordinate. (Witli 100 per cent plasma and no cells the average colorimeter read- 
ing is 98.) 

When the points showing the relationship of the cell opacity to the cell 
volume by the hematocrit method arc plotted for each of the 152 cases, they are 
distributed very closely about the line in most cases, as shown in Fig. 1. !Many 
of the points are superimposed and hence obscured, so the chart gives only an 
idea of the scatter. 
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A frequency histogram was then made to evaluate the divergence between 
the cell volume and cell opacity calculated as cell volume. In 51 cases the cell 
volumes derived from cell opacity measurement were in agreement with the 
hematocrit values within 0.5 volumes per 100 volumes of blood. In 32 and 34 
cases, respectively, the cell opacity measurements showed a deviation of +1 
and -1; in 10 and 13 cases, -f2 and -2; in 4 and 3 eases, +3 and -3; in 2 and 
3 cases, +4 and —4 volumes per 100 volumes of blood. No single determination 
gave a wider variation than this. These data when plotted (not given) show 
that the plus and minus errors form a close approximation to the probability 
curve of casual errors, and that over two-thirds of the eases are in agreement 
±1 volume per 100 volumes of blood, or within 2.5 per cent of the cell volume. 
According to Ponder, the hematocrit method is always correct +5 per cent, and 
most investigators claim a probable accuracy of 2 to 3 per cent. Inasmuch as 
the total variation found ivhen the two methods are compared lies within the 
error of the hematocrit method alone, it is impossible to state the exact accuracy 
of the cell opacity method. It seems warranted to draw the conclusion that in 
relatively normal cases the accuracy of the cell opacity method approaches 1 per 
cent. Therefore, the values given in Fig. 1 and Table I may be considered valid 
as a standard for interpretation of cell opacity measurements in terms of cell 
volume. 

Table I 


CELL OPACITY 
OALVANOMETEll 

UEADINO 1 

CELL VOLUME 

PEfi CENT 

CELL OPACITY 
galvanometer 

READING 

CELL VOLUME 

PEE CENT 

85 

9.5 


27,2 

84 

10.1 

64 

S3 

10.8 

63 1 

28.2 

82 1 

11.0 

62 1 

29.2 

81 

12.4 

61 

30.2 

SO 

13.2 

60 

31.2 

79 

78 

77 

76 

75 

14.0 

14.8 

15.6 

16.4 

17.2 

59 

58 

57 

56 

55 

32.3 

33.4 

34.5 

35.6 

36.8 

74 

73 

72 

71 

70 

1 18.0 

1 18.9 

i 19.8 

20.7 

31.6 

54 

53 

52 

51 

50 

38.0 

39.2 

40.4 

41.7 

43.0 

69 

68 

22.5 

1 23.4 

49 

48 

44.3 

45.6 

46.9 

67 

66 

65 

24.3 

[ 25.2 

26.2 

46 

45 

48.."! 

49.7 


discussion 

Hematocrit iHet/iod— The hematocrit method which has 
standard for comparison with the cell opacitj^ metho is i se 
The disadvantages of this method for clinical use are t la , comp .jgj.ajjie 

opacity method, it is time-consuming trobtaiii so much blood 

amount of blood. It is often inconvenient and di _„gured without resort 

from infants. It is highly desirable that cell volume 
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to venepuncture, and on small samples such as can be obtained from a finger 
prick or heel stab (or from small animals). ^loreover, there is no general agree- 
ment as to the correct procedure even with this simple method. Different sizes 
and shapes of tubes have been employed. Various anticoagulants are said to 
cause swelling or shrinking of the cells. Different speeds and the duration of 
centrifuging also give variable results. Ponder states that various bloods act 
differently, so that the ^'correct*' speed and time differ. In general, it has, how- 
ever, come to be accepted that when blood is centrifuged at 3,000 r.p.m. for 30 
minutes, the cells occupy a volume which can be called the cell volume. This 
value has been considered as accurate enough for clinical purposes, except in the 
study of special problems. 

Under normal conditions, when the values obtained by the cell opacity and 
tlie hematocrit methods do not agi’ec, the divergence is slight and the major 
error pi'obably lies in the hematocrit determination. In any event the findings 
of tlie cell opacity method do not stand or fall by comparison to the hematocrit 
method, but may equally well be correlated with any other method for cell 
volume, and the values interpreted according to the standard adopted. 

Leucocytes . — The cell opacity method registers the obstruction to the pas- 
sage of light of all the components of blood. It has already been shown that the 
plasma alone exerts a small but definite effect on the transmission of light. The 
effect of hemoglobin is discussed below. In tJ)is pai>er we Ijave correlated the 
opacity with the erythrocyte content of the blood only, but obviously the leuco- 
cyte content must also be taken into account. Ordinarily there are approxi- 
mately 1,000 times as many red cells as white cells in the blood. Therefore, 
if the passage of light depended upon tlie number of cells alone, the error 
introduced by neglecting the white cells would be only 0.1 per cent. Owing to 
the larger size of the white cells, their volume is normally of the order of 1 per 
cent of that of the red cells. Preliminary obsciwations have shown, however, 
that tlie opacity of a white cell emulsion corresponds more nearly to that of an 
equal number of red cells tlian to an equal volume of red cells. In any event 
the correction due to the wlute cells is so small as to be within the experimental 
error, and if our preliminary observations are correct, without any possible 
significance, except in extreme cases of Icucoeytosis. With refinements of tech- 
nique or for special purposes, a standard could be constructed with a correction 
factor based upon the volume or number of the leucocytes. 

In the unusual or rare case in which white cells are greatly increased, as in 
leucemia, caution should be used in application of the cell opacity method for 
measurement of cell volume. Too few eases are available at present for accurate 
analysis of this factor. When the leucocytes are increased to approximately 
half a million per cubic millimeter and the erythrocytes are diminished to two 
to three million, the volume of the white cells may be more than one quarter 
that of the red cells. Under such conditions the value for cell volume, as 
interpreted by tlie cliart, will be greater than that for the red cells alone, but 
less than that for the total cell volume — red and white cells combined. 

Erythrocytes . — Inasmuch as the opacity of blood is dependent mainly upon 
the erythrocytes, their variations must be taken into account. The two main 
variants of importance for discussion are number and size. 
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Numerous determinations of cell opacity were made, using different con- 
centrations of blood in the final dilution. The results, interpreted in terms of 
volume, are directly proportional to the amount of blood used, when the con- 
centration is not too great. The measurement of cell opacity is most accurate 
for cell volumes which lie in the normal or lower ranges. When the cell volume 
is above 45 per cent, as for example in the blood of patients with congenital 
heart disease and marked cyanosis, the values obtained by the measurement of 
cell opacity become slightly lower than those obtained by the hematocrit 
method — 1 to 5 per cent. Apparently a greatly increased number of cells of 
normal size per unit volume of diluent introduces changes in the optical prop- 
erties of the fluid. The practical solution is, however, simple. When the cell 
volume is greater than 45 per cent, one needs onlj^ to take a smaller sample of 
blood, e.g., 10 c. mm., or to add an additional 8 c.c. of diluent, and multiply by 
two the value obtained from the chart. 

We have observed a few cases of liyperehromic anemia and erythroblastosis 
in which the red cells are of abnormall}'^ large size, or are both large and 
nucleated. The cell volume, as interpreted from the cell opacity method, is 
lower than that obtained by the hematocrit method, 3 to 15 per cent. Whether 
this divergence is due primarily to the increase in cell size, the variability in 
cell size, or to some particular element in the blood has not yet been determined. 
We have not studied a sufficient number of cases to warrant discussion of the 
effect of variation of the shape and size of eiythrocytes within a single blood 
(anisoeytosis and poikiloeytosis). 

hlieroeytosis, conversely to macroeytosis, produces cell opacity values which 
are interpreted as 1 to 3 per cent too high, according to the hematocrit standard. 
This finding is in accordance with the studies of Drabkin and Singer® which 
show that obstruction of light is partly dependent upon particle size. We have 
encountered no ease in which the divergence is sufficient to be clinically signi^ 
cant. In ease of doubt the determination should be checked by the hematocrit 


method. 

In addition, the factors of cell size and cell number are interrelated. Eat 
blood contains about twice as many erj-throcytes as human blood, but because 
the cells are only half as large, the cell volume is nearly the same, and the 
cell opacity shows only slight divergence from that of human cells. 

Hemoglohin.—DvaWin and Singer® showed that the transmission of light 
through erythrocytes is affected by the hemoglobin content. ° 

hemoglobin varies with the wave length used, as can be postu ate . 

absorption curve. They did not report observations beyon m/i. , 

point the effect of hemoglobin was of the order of 1 per cent. e se ec e 

filter which transmits light at or near 660 m/* for our study piimari y ecau ^ 
is not sensitive to differences in hemoglobin.” This may be piove ^ ^ ° 

saponin and ammonia to the sample and the blank. The lemo yze 
obtained gives a galvanometer reading for opacity hai y ^ 
plasma alone. The hemoglobin concentration, therefore, as no 
determination. ^ 

♦In a personal communication D'"- at this'wOTc'?^^^ 

660 mil show that the effect of hemoglobin is negligible a 
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Diluent . — Formalin 'was added to the citrate solution at the suggestion of 
Dr. Evelyn, who recommended it as giving greater uniformity and reliability 
to the measurement. This has been our experience also. Apparently the 
formalin affects the size or shape of the cells, for when it is omitted tlie values 
for cell volume calculated from the chart are diminished about one-fourth. Pre- 
sumably it makes the cells more plump, but it does not alter their ability to 
swell or shrink. 

■\Vhen hematocrit determinations are made, the anticoagulant used is of 
importance in either increasing or decreasing the measured cell volume. In tlie 
cell opacity method, however, the effects of the anticoagulant are so minimized 
by the four hundredfold dilution which the blood undergoes that the}" need not 
be considered. 

The blood eells vary in volume primarily with the osmotic pressure, and 
secondarily, -with the acid-base equilibrium of the fluid in which they are sus- 
pended. Hypertonic and alkaline solutions dehydrate the cells and cause 
shrinkage Hypotonic and acid solutions cause an imbibition of water and 
swelling of the eells. It might, therefore, be questioned whether the solution 
used as a medium for suspension of the cells rigidly meets the requirements of 
isotonicity and correct pH. This need not be discussed, however, because the 
answer is not relevant to the problem. The actual osmotic i)ressure and acidity 
of the diluent used are not of prime importance because all bloods are treated 
alike. Wliether or not the diluent is isotonic, the cells are still capable of 
swelling and shrinking. If a diluent of different osmotic pressure and pH were 
used, the results should still be proportional to the volume of red cells in the 
blood sample. It would be necessary only to determine the relationship under 
the altered conditions, between the degree of opacity and the results of an 
accepted method for determining cell volume. 

Whatever the absolute size of the cell may be under the given conditions 
is unimportant. It is important, however, that it should be affected in a constant 
and reproducible manner. The relationsliip of tlie transmission of light and the 
observed hematocrit value is an empirical one; the correlation of the values, as 
determined by the two metliods, is all that is required. This agreement has been 
demonstrated, as presented above. 

Significance of the Method . — Other methods which deal with the blood 
under more or less physiologic conditions of carbon dioxide and oxygen tension 
attempt to measure the actual percentage volume of the cells. The cell opacity 
method, because of the large dilution of the blood, may be said to eliminate dif- 
ferences in volume due to the original condition of the cells in vivo with regard 
to oxygenation or acid-base equilibrium of the plasma. This method may be 
regarded as measuring the cell volume under standardized conditions. 

In certain pathologic conditions the results of the cell opacity method may 
not be in agreement with those of the hematocrit method. Any difference may 
at first api)ear to be due to a defect inherent in the cell opacity metliod. Such 
is not the case. Whereas ordinarily one would be vi?rong and the other right, 
tliese two methods measure different physical properties of the blood, and, there- 
fore, l)oth may be valid. Furthermore, the difference in the results obtained 
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by the two methods on pathologic bloods is in ^ j 

may oome eventually to be correlated with a difference in the eUtl of fc c'ch'’ 

which cannot be described in terms of either method alone 

SUMMARY AND CONCLUSIONS 

sufficient to determine the transmission of liglit 
(660 m^) thiough a blood suspension in citrate solution. 

measurement is directly correlated with the value for cell volume 
determined by the hematocrit method. 

strabk*deth°ttn”V'^^’.f'‘^^ and structure of erythrocytes causes a demon- 
stiable deviation from the values obtained by the hematocrit method but for 

nearly normal cells the accuracy of the cell volume by the cell opac^ method 
IS gieatei than that of the hematocrit method. 
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A SIMPLE PERFUSION PUMP- 


Milton J. Allen, Ph.D., Chicago, III. 


OINCE the advent of Lindbergh s "Mechanical Heart" many physiologists 
have had the desire to work ivith this apparatus. However, the expense con- 
nected with its construction made it, in many instances, an impossible acquire- 
ment. Therefore, a plan is presented for a perfusion pump which is inexpensive 
and has been found satisfactory for perfusing the organs of rats, guinea pigs, 
and rabbits. 


The apparatus, shown on Fig. 1, is constructed entirely of pyrex glass, and 
all connections are ground glass. The artificial media for perfusion have been 
well put forth by Parker- and have been found very satisfactory with this per- 
fusion pump. To sterilize this apparatus it is best to separate the individual 
parts and wrap them in separate cloths. After sterilization is completed, the 
main chamber C is clamped to a stand and covered over with a sterile cloth 

‘From the Biochemical Research Laboratory, Hormone Division, Hospital Liquids Inc., 
Chicago. 
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until ready for the insertion of the organ to be perfused. Tlie organ is dissected 
out of tile animal under sterile conditions and washed with Tyrode’s solution. 
The narrow end of the perfusion tube B is inserted into the main blood vessel 
of the organ and tied there with silk thread. There is a slight enlargement about 
2 mm. from the delivery end of the perfusion tube to prevent the blood vessel 
from slipping once it is tied. The diameter of the deliveiy end of the perfusion 
tube ranges from 0.5 mm. to 3 mm., according to the size of the blood vessel. 



Fig. 1. — Sketch of jierfubion pump showing diiticnsions and structural details. 


A rubber bulb is filled with Tyrode s solution, attached to the wider end of 
the perfusion tube, and tlie solution is then forced through the blood vessels 
to clear them of blood The rubber bulb is detached and the wider portion of 
the perfusion tube is inserted into the rubber tubing connection. The rubber 
connection is connected to tlie deliveiy tube // which runs through a rubber 
stopper. This rubber stopper is inserted into the main chamber C, and the 
reservoir A with its attached jiarts is coiinecled at the ground glass connections 
(I and h. 

One hundred cubic centimetei-s of the perfusing medium is put into the 
reservoir A and then its ground glass cover is inserted in place. All stopcoclvs 




1334 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


are kept closed until operation is ready to begin. Driving chamber I is opened 
and filled ivith anhydrous calcium chloride and sterile cotton. The purpose 
of this chamber and its contents is to prevent any water vapor from coming 
in contact with the medium after the water suction, which is connected at X, has 
been on for a period of time. The drying chamber is closed; bulb F is packed 
loosely with sterile cotton, and the pump is ready for operation. 

The entire apparatus is put into an incubator at about 37° to 39° C. and 
the suction at X is turned on. Stopcock 1 is opened halfway, allowing a slight 
suction to exert a pull in the reservoir A. Stopcock 5 is opened about halfway, 
so that air will enter the main chamber C and thus prevent the accumulation of 
too liigh a vacuum in the main chamber whicli would cause a back-pull on the 
perfusion tube. Stopcocks 2 and 4 are opened, and the air is forced out through 
opening Y which has a plug of cotton in it. The medium now flows down by 
gravity to the perfusing tube. After the air has been replaced by the medium, 
stopcoeli 4 is closed. Anotlier purpose of this opening Y is to make possible the 
addition of substances without the necessity of opening the reservoir cover. 

The force of gravity is sufficient to pull the fluids through the blood vessels. 
After the medium has passed through the organ, it flows down along the lower 
surface of the main chamlier and as it reaches the lower portion of the bend, 
the suction at X is sufficient to draw the medium through the tube D and up into 
the reservoir chamber A. This circulation goes on continuously as long as there 
is suction at X. 

SUMMARY 

A perfusion pump is herein described that is simple in construction and 
has been found satisfactory for perfusing small organs. 

Note. — S ince this paper was written, a modification was made in the apparatus described 
here. In order to remove fluid from the pump for analysis a stopcock opening' was made in 
the lower portion of reservoir A. It was also found that a small centrifugal pump inserted 
between ground glass joint a increased the perfusing efliciency of the pump. 
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DEPARTMENT OF REVIEWS AND ABSTRACTS 


Robert A. Kilbufpe, Ibf.D., Abstract Editor 


PATCH TEST, A New Modification of (the Chamber Method), Eokstad, I. Arch. Dermat. 

& Syph. il: 649, 3940. 

For examination of the nonspecific toxic (i.c., caustic) effect on the skin exerted by 
certain volatile substances (e.g., terpencs) the patch test method commonly employed in 
eczema is unreliable. 

A new method has been worked out, therefore, in which the cellophane plate (or im- 
pregnated cambric) is replaced by a celluloid cliamher which is fixed to the skin with ad- 
hesive tape (or, in cases of hypersensitiveness to the tape, u-ith a paste made with 3S Gra. of 
zinc oxide, 15 Gm. of gelatin, 25 Gm, of glycerin, and 43 c.c. of distilled water). 

IVlien. applied correctly, the chamber exerts a suction effect on the skin, not merely 
providing an airtight space that prevents escape of the volatile test substances, but inducing 
the formation, of a papule within a certain length of time. 

This papule, then indicates that the suction effect has been present; in other words, 
it constitutes the criterion of a successful test technique. Besides, the edematous condition 
of the papule may be assumed to facilitate the absorption of the test substances through the 
horny and sebaceous barrier of the skin. 

In studies on the toxicity (i.e., the caustic effect) of tiie terpenes, which will be pub- 
lished later, this method has given constant results, revealing lower threshold values than had 
been previou.sly cstablislied for erythematous or for bullous (purulent) reactions. 

LUNG, Clinical Studies of Priiaaty Carcinoma of the, Overholt, R. H., and Eumel, W. R, 

J. A. U. A. lU: 735, 1940. 

Primary carcinoma of the lung is a relatively common disease which is responsible for 
approximately 10 per cent of all cancer deaths. 

In this clinical study 75 patients had histologically proved primary carcinoma of the 

lung. 

Partial or complete bronchial occlusion, with or without secondary infection, produces 
the most important pathologic lesions, giving rise to early symptoms, physical manifestations, 
and roentgenologic changes. 

Bronchoscopic examination is by far the most important diagnostic procedure available 
and should be used without delay in the study of any case in which a dry or productive cough 
develops alone or in association with hemoptysis, wheezing, dyspnea, chest discomfort, or other 
symptoms suggestive of early primary carcinoma of the lung that cannot be definitely ex- 
plained on some other basis. 

The diagnosis was established with histologic >oiification at an operable stage in 24 per 
cent of tile 75 cases. 

Lobectomy and pneumonectomy nie piactieal therapeutic procedures, without an excessive 
operative mortality rate, winch at the present time appear to offer a good chance of survival to 
the p.atient suffciing from primarj’ carcinoma of the lung. 

TISSUE, Comparison of Starch Paste and Albumin blixture as Agents for the Routine 

Mounting of Paraffin Sections, McDowell, A. M., and Vassos, G. A., Jr, Arch. Path. 

29: 432, 1940. 

Tile albuiuin-glyceiiii mixtuic is made up by taking equal parts of egg white and 
glycerin, filtering, and adding a small crystal of thymol as a preservative. The starch paste 
tried is essentially the same as the one described by Spoerri. One gram of powdered starch is 

J335 
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added to 10 c.c. of cold water and thoroughly mixed; the solution is then poured into 20 c.c. 
of boiling water, 2 drops of dilute hydrochloric acid are added, and the suspension is boiled 
for five minutes while being constantly stirred to free the opalescent suspension from lumps 
of starch. A small crystal of thymol should be added after the paste has cooled. 

The clean glass slides are prepared by coating one surface with a thin film of the mixture 
to be used. Drying of the affixative on the slides does not seem to be a disadvantage as 
long as no dust is allowed to collect on them. 

Paraffin sections are then flattened out on the surface of warm water and floated onto 
the slides already smeared with the adhesive to be used. Sections thus mounted on slides are 
ready for drying prior to their deparaffinization and staining. 

The table shows the method of drying adapted to varied staining techniques. 


! 

DRYING .METHOD 

AFFIXA- 

TIVE 

MODIFIED 

MASSON 

STAIN 

HEMA- 

TOXYLIN* 

EOSIN 

.MODIFIED 

GIEMSA 

FOOT 

SILVER 

FOR 

BRAIN 

ZIEHL- 

NEELSEN 

FOOT 

SILVER 

FOR RE- 
TICULUM 

On hot plate for 3 

Albumin 


A 


A 

A 

I 

minutes and in dry- 
ing oven at 56° to 
5S° C. for 1 hour 

Starch 


A 

■ 

A 

I 

I 

In drying oven at 38° 

Albumin 


A 


A 

A 

I 

to 40° C. for 24 
hours 

Starch 


A 

A 

A 

A 

I 

In drying oven at 56° 

Albumin 

u 

U 

U 

U 

U 

A 

to 58° C. for 48 
hours or at 38° to 
50° C. for 5 days 

Starch 

u 

1 

U 

U 

U 

u 

A 


A = adequate ; I = inadequate ; U = unnecessary. 


PROTHROMBIN, in the Blood of Newborn Mature and Immature Infants, Kato, K., and 

Poncher, H. G. J. A. U. A. 114: 749, 1940. 

The prothrombin clotting time of 173 newborn infants, both mature and immature, Am 
been determined by the microprothrombin method; an aggregate of 1,595 tests were ma e 
during the neonatal period, extending over four weeks of postnatal life. 

The average prothrombin time of 100 mature infants on the first day of life was foun 
to be 43.2 seconds; gradually shortening as the infants gi-ew older, by the tenth day of bte 
the average time was twenty-five seconds. 

The average prothrombin time of 73 premature infants was 46.5 seconds on t le ay 
of birth and showed a much greater degree of fluctuation on subsequent days t an la o 
mature babies. Also in this group were some infants whose prothrombin tune ac ua y m 
creased after birth ; in one instance the prolonged prothrombin time of the blood was associa 
with strangulated hernia. 

No correlation was found to exist between the degree of the infant s maturi y 
prothrombin clotting time of the blood, at least on the day of birth. 

The low prothrombin level of the blood in newborn infants satisfactorily ® P ,. 
pathogenesis of hemorrhagic disease of the newborn. This may 

hemorrhage into the gastrointestinal tract (melena, liematemesis) or ee ^ „„Panial 

(omphalorrhagia) or genitourinary tract (hematuria), mde bleeding was 

hemorrhage birth trauma was the precipitating factor, the s y r-lnna 

apparently induced by a lowering of the prothrombin level of the i an s 

GLUCOSE TOLERANCE Test, Interpretation of. Conn, J. W. Am. J. M. Sc. 199- oao, 

A short period of carbohydrate restriction in the normal J 

in the rate of utilization of carbohydrate, as indicated by t le g ucos 

Undernourished individuals respond to the same procei ure m 
hydrate tolerance. 
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Enoneous diagnoses of diabetes mellitus are made when the factor of previous carbo- 
hydrate restriction is neglected. 

Unless the influence of previous carbohydrate restriction is removed by means of an 
adequate preparatory diet, the glucose tolerance tcs*t is not reliable as an indicator of the 
individual’s ability to utilize carbohydrate. 

SULPHANILAMIDE, Significance of the Oxidation of, During Therapy, Fox, C. L., Jr. 

Am. J. U. Sc. 199: 487, 1040. 

The conclusion that sulfanilamide is oxidized during therapy is supported by these 
observations : 

1. Complete, initial deprivation of oxygen interferes with bacteriostasis. 

2. Increased oxygen availability magnifies bacteriostasis. 

3. Eeducing agents and large inocula, vvliich rapidly reduce tiie potential, obliterate 
bacteriostasis despite excess of sulfanilamide. 

4. The use of a preformed oxidant dciivcd from, sulfanilamide, 4-hydroxylamino sulfon- 
amide, eliminates the usual initial growth period before bacteriostasis appears and gives a 
more prolonged effect than sulfanilamide. 

5. The occurrence of methemoglobinemia during therapy and the occurrence of an oxida- 
tion product of sulfanilamide in the urine of treated patients confirm the view that an oxidant 
is produced in the blood or tissues of the patient. 

SYPHILIS: Evaluation of the Spirochete Complement Fixation Reaction in Comparison 

With the Eagle Flocculation and Wassermann Procedures, Erickson, P. T., and 

Eagle, H. Vcti. Dis. Inform. 21: 3D, 1940. 

In confirmation of Gaehtgens’ findings, phenolized suspensions of the Reiter strain 
of cultured spiiochctes (palligcn) react with syphilitic scrum to give positive complement 
fixation, and the results compare favorably in both sensitivity and specificity with standard 
Wassermann and flocculation piocedures. 

In 490 sera from a gioup of syphilitic patients under treatment or observation, a spiro- 
chetal complement fixation technique detected 85 per cent, as compared with 68.5 per cent for 
an icebox Wassermann test, and 75.5 per cent for the Eagle microflocculation procedure. 

Of 542 patients from a general dispensary and liospital population, with initially 
negative Wasseimann and flocculation tests, thcic were 18 in whom the spirochetal complement 
fixation test was positive or doubtful. In no less than 14 of these could a definite diagnosis 
of syphilis be made on the basis of history, clinical evidence, or subsequent serologic findings. 

In 88 spinal fluids the Wassermann and spirochetal complement fixation tests were 
both negative in GO and both positive m 26. In 2 cases the spirochetal test only was weakly 
positive, and in one of these the history and clinical findings furnished strong presumptive 
evidence of central nervous system syphilis. 

The fact that the spiiochetal concentiation which must be used in the test is only one- 
tliird or one-fourth the anticomplemeutary concentration i-s an obvious drawback to the 
routine use of the test. 

BLOOD, Studies on Preserved, DeGowin, E. L., Hams, J. £., and Flass, E. D. J. A. M. A. 

114; 850, 1940. 

Progressive hemolysis occurs in human blood stored in any of the preservatives studied. 

The rate of hemolysis is much greater when blood is stored at 20® C. than at 5® C. 

The addition of large quantities of isotonic dextrose solution to blood slows considerably 
the rate of hemolysis as compared with that in blood stored with little or no added dextrose. 

The Eous-Tuiner blood-dextrose-eitrate mixtuie has been so modified that it can safely 
be given intravenously without discarding the plasma. This modification consists of 10 
volumes of blood, 13 volumes of 5.4 per cent aqueous solution of anhydrous dextrose, and 
2 volumes of 3.2 per cent dihydne sodium citrate in water. 
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Blood stored in the modified hlood-dextrose-citrate mixture will heinolyze only one- 
twenty-fifth to one-fiftieth as much in thirty days at C. as will blood in sodium citrate 
alone or in sodium citrate plus sodium chloride. 

The blood-dextrose-citrate mixture has proved safe and practical for human transfusions 
and is of distinct advantage in the operation of blood banks with a smaU volume of trans- 
fusions. 

Hemolysis is less in blood stored in sealed flasks from which the air is completely dis- 
placed by the blood mixture than it is in blood exposed to the air. 

Blood stoied in flasks containing air trapped by rubber stoppers hemolyzes no faster 
tlian blood exposed to the air in cotton-plugged flasks. 

Erythrocytes stored in the dextrose-citrate mixture resist destruction by shaking better 
than do those stored in sodium citrate alone or in citrate-saline mixtures. 

The initial hemolysis encountered when blood is drawn into large volumes of preservatives 
can be prevented if the blood is cooled rapidly and uniformly by mixing it with preservatives 
which have been previously cooled to about 5° C. 


BLOOD, Studies on Preserved, DeGowin, E. L., Harris, J. E., and Plass, E. D. J. A. M. A. 

lid: 855, 1940. 

There is progressive diffusion of potassium from human erythrocytes into the plasma 
during storage. 

This diffusion is rapid during the first five days but becomes gradually less. A maximum 
concentration of potassium in the plasma is approached in from fifteen to twenty days. 

The high values of plasma potassium attained in from fifteen to thirty days of storage 
cannot be accounted for by the release of that ion from completely hemolyzed cells. 

Variations in tlie content of sodium, chloride, citrate, and dextrose in the preservative 
mixtures or storage at different temperatures and in various atmospheres did not affect the 
diffusion rate. 


BLOOD, Studies on Preserved, DeGowin, E. L., Harris, J. E., and Plass, E. D. J. A. M. A. 
114: 858, 1940. 

The high plasma potassium content in blood preserved for thirty days is not toxic when 
the blood mixture is transfused into human beings at velocities of less than 43.3 c.c. per 
minute. The concentrations of plasma potassium encountered in blood stored for one monti 
are not high enough to cause significant increases in tlie serum potassium of the recipient. 

BLOOD, Studies on Preserved, DeGowin, E. L., Harris, J. E., and Plass, E. D. J. A. hi. A. 
114: 859, 1940. ' 

A detailed study of ten patients who were given transfusions of 
from 25° to 15“ C. and at velocities from 6.0 to 42.8 c.c. per minute revea ^^owanl 

lowering in the body temperature, no consistent changes in blood pressure, and no nntowan 

''""SreseTved bLd has been administered without preheating in 568 cases, with no reactions 

which could be attributed to tlie procedure. conserving 

The practice of transfusing preserved blood cold is a great convenience m conserv 

time and prevents untoward reactions involved in the process of ^ safety. 

Parenteral fluids other than blood can be administered at room p 
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G in, during and after pregnancy. J-0 
Blowfly cage for culture of surgical maggots, 
1009 

Body fluids, magnesium in, determination of, 
411 


Bone marrow biopsies. 1003 (Abst.) 
instrument for obtaining, ISO 
limitations of biopsy of, 772 (Abst.) 
simultaneous fixation and decalclflcation of, 
method of. 874 

Boidet-Gengou and Lbwenstein media, cul- 
tural diagnosis of tuberculosis using. 
870 

Botulism, demonstiation of toxin in blood and 
tissues, 1008 (Abst.) 

Boivei discharges, cellular exudates of. stud- 
ies in, 78S 

Brains, animal, rabies virus in grossly decom- 
posed. D4 

Bieathing rate, effects of cigarette smoking 
cn, 1013 

Bromide intoxication. 332 (Abst.) 

Bromides, urine, 1002 
ring test for, 99 

Bronchi il astlima. tieatment of, by ammo- 
phyllin. 3295 

Blushes f«i cleaning laboratory glassware, 211 

Burn shock, 1006 (Abst.) 


C 


C diphtherSae, loutmfe laboratory examina- 
tions for, 71 

virulence of. use of single animal fortest- 
ing. un 

Cachexia responding to extract of anterior 
lobe of pituitary. S4S 
Cage, mouse, all-glass adjustable, 323 
Calcium chloride, effects of large doses of, 
1018 

gluconate-idonnte, calcium gluconate, and 
calcium chloride, comparison of ef- 
fects of large doses of. 19JS 
serum in newborn, 109 (Abst.) 
Calcium-phosphorus ratio. Uietarj', relation of, 
to iron assindlatlon. 4C4 
Calorlgciuc action of ammanium salts In hu- 
man subject. 3259 

Cancer, temperature factors in. 5o3 (Abst.) 
Canine leptospiiosis in the United States. 773 
(Abst ) 

C.ip.acit\. instrument for lecording, 175 
Capillary glass electrode, stable, for measur- 
ing pH of living tissue, 092 
hemnlDOTh method Tor CteteTTnining blood 
cell volume, 517 

Caprjhc alcohol. hcmol>tlc effects of 531, SG9 
Carbohydiatc content of hver in diabetes 
mellltus. D2tt 

metabolism, effect of fever therapy upon. 7 
Carbon dioxide for isolation of pneumococci, 
culturing sputum on solid media us- 
ing. SOI (Abst.) 

solid. In prepat ation of grosj, pathologic 
specimens, 443 (Abst.) 

Caicltioma cells ir. thoracic and abdomlual 
fluids. 442 (Abit.) 

of lung, clinical studies of. 1333 (Abst.) 
Cardiac status in Infectious diseases, correla- 
tion of findings determining, 24 
Carotid loops in dog.s. technique for produc- 
ing, 990 

Cathode-ray tube, amplifier for recording 
heart sounds through use of. ISS 
Cats, growth and development of. heat labile 
factors necessary for, 2.38 
Cedar oil In making of slides of atmospheric 
pollen, 1089 

Cell opacity method. 1325 

red blood. Induced reticulocytosls in rat and 
Its relation to life duiatlon of, 333 
types in pancreatic islets, differential stain 
for, 21T (Abst.) 

volume, blood, capillary heniatocrit method 
of determinlug, 547 
of blood, measurement of. 1325 
packed, lu human blood, oxalate solutions 
foi determination of. 35 
Cells, red blood, diameter of. Ulffractometrfc 
measurement of. instrument for, 309 
Cellular elements in relation to potassium dif- 
fusion, fate of. 240 

exudates of bowel discharges, studies in 78.8 
Central nervous system, trichinosis in, lOS 


Centrifuge technique fu heteiophlle agglutina- 
tion test. 542 
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Cerebrospinal fluid during encephalography, 
changes in chemistry of, 225 
iodine content of, comparative, 383 
normal and pathologic, enzymes of, 495 
Cerebrovascular accidents, duration of life 
after, 1121 (Abst.) 

Cervical cord section, insulin sensitivity of 
cats with, 717 

Cheilosis lesion in angle of mouth (color 
plate), 1190 

Chemical flocculation, concentration of tubercle 
bacilli from spinal fluid by means 
of, 880 
method, 68 

irritation, quantitative estimation of, method 
for. 1199 

properties of blood pigments, 44(1 
Chemistry, Mathews' physiological, 1124 (B. 
Rev.) 

of cerebrospinal fluid during encephalog- 
raphy, changes in. 225 
Chemotherapy, present position of, 330 (Abst.) 
Chemotropism of human eosinophilic polymor- 
phonuclear leucocytes. 442 (Abst.) 
Chickenpox following contact witli herpes zos- 
ter, 951 

Children, diarrheas in. 955 
Chioride, calcium, effects of large doses of, 
1018 

Chlorides, spinal fluid, in meningitis, C6G 
(Abst.) 

urinary, significance of. in pneumonia 
treated with sulfapyridine, 940 
Chloroform method for microscopic diagnosis, 
891 

Cholera, 109 (Abst.) 

Cholesterol in oxidative micronietliod, appara- 
tus for multiple estimations of, 1074 
total and free, in blood serum, determina- 
tion of, 9DG 

Cholesterolysis in blood plasma of individuals 
with mental disorders. 142 
Clioline esterase in schizophrenia, effects of 
insulin on. 1025 

Cigarette smoke, effects of, on pregnant fe- 
male albino rats, 708 
solutions, physiologic activity of, as re- 
lated to their nicotine content. 610 
smoking, effects of, on metabolic rate, heart 
rate, oxygen pulse, and breathing 
rate, 1013 

Circulation, splanchnic, in dog, action of oua- 
bain on. 557 

Citrfn, effect of, on vitamin C deficient guinea 

pigs, GS4 I 

Clamp, tube. 544 

Clinical bacteriology, 112 (B. Rev.) 
laboratory, anaerobic cultivation in, 305 
medicine, symptoms and signs in. 111 (B. 
Rev.) 

Clostridium tetani, serological identification of, 
774 (Abst.) 

welchii, reaction between lethal toxin of 
(type A), and human serum, S93 
(Abst.) 

Clot retraction, method for measuring. 100 
(Abst.) 

Clotting defect in hemophilia, 775 (Abst.) 
Coccidioidal granuloma, arrested pulmonary'. 
210 (Abst.) 

Coenzymes I and II in blood of persons witli 
pneumococcal pneumonia, 897 
Colloidal gold reaction of blood serum in dis- 
eases of livei', 1009 (Abst.) 

Colorimeter for evaluating absorption spectra, 
adaptation of. 029 

Colors for marking albino rats and mice, nu- 
merical sy'stera using, 872 
Complement fixation, diagnosing myelomatosis 
by'. 442 (Abst.) 

sensitivity and specificity, 1120 (Abst.) 
test for syphilis. 194 

Congestive failure, chronic, water content of 
myocardium in. 899 

theophylline with isopropanolamine in. 1066 
Continuous vacuum distillation. 1221 
Contractions, muscular, variation of blood 
pressure with brief voluntary, 1029 
Conway units, determination of urea in blood 
and urine by, 288 

Copper stearate, particulate, animal tissue re- 
action to. 726 


Cor pulmonale, chronic, of unusual etiology. 
Coronary insufficiency, exercise in diagnosis 
duced‘'byj’.°7g6 

Corpuscles, distribution of sulfanilamide and 
, s'ilfapyndme between. 609 
Conical e.xtract, adrenal, stable, 281 
Counting blood platelets, method of, 103 
Cover slip dispenser, 882 
Cross matching of blood, effect of sulfanil 
amide on. 090 

and oxalated erythrocytes, So 
Ciystalline enzymes, 221 (B. Rev.) 
insulin, effect of, on blood sugar of fasting 
rabbits, 619 

Crystallized squash seed globulin, intravenous 
injection of, 1048 

Cultural diagnosis of tuberculosis using Bor- 
det-Gengou and Lowenstein media, 
876 

Culture of surgical maggots, blowfly cage for, 
1099 

tube for more rapid diagnosis, 79 
Cultures, bacterial, in dried state, apparatus 
for preservation of, 1S4 
Cyanosis from use of sulfanilamide, 218 
„ (Abst.) 

Cysts, epithelial, traumatic, 570 
Cytology, blood, of normal dog. 353 

D 

Dark-adaptation method, detection of vitamin 
A deficiency by, 485 

Dark-fleld examination and nigrosine stain, 
comparison of, in demonstrating Tre- 
ponema pallidum, 660 

Decalciflcation and fixation of bone, simulta- 
neous. method of. 874 
Deficiencies, vitamin, 110 (B. Rev.) 

Deficiency, vitamin A, 149 

in diseases of liver, 485 
Dental cooperation in diabetes mellitus, 47 
Deso.xycholate-citrate and MacConkey's agars 
for isolation of dysentery bacilli, 81 
Developing tank for electrocardiograms. 1085 
Dextrose, tolerance of diabetic persons for, 754 
test (Exton-Rose procedure). 440 (Abst.) 
Diabetes, management of, as controlled by 
tests of acetone in expired air. 003 
mellitus, dental cooperation in. 47 
guide for therapy in. 1057 . . „ 

liver in, lipid, carbohydrate, and moisture 
content of, 920 

Diabetic persons, tolerance of, for de.xtrose, 
754 

Diagnosis, laboratory, 777 (B. Rev.) 
of rabies, 102 , . 

of tuberculosis by culture and guinea pig 
inoculation, 88 . ,,, 

Diagrams, serial, for medial forms, simpiuj- 

Diarrhea caused by Dientamoeba fragilis, 914 
Diarrheas of childhood, study of o43 aUacks 
in children at Beirut. Syria, 9oo 
"Diazo value" of blood Vn 

Dictionary of treatment, IVhitla s, 101. trs. 

Dientainoeba fragilis, diarrhea caused by, 
Dietaiy calcium-phosphorus ratio to iron as 
similation, relation of. 464 . 

Diets, fat-containing, iy" 

of histamine acid phosphate m sum 
of white rats, 933 . 

Differential enumeration of leucocytes, 

Diffractome^df meaW 

Rgitaloid glucosides on vasomotor center, ac- 

Diphtherial^potassiuin tellurite in diagnosis of. 

Msease. plrlpheml vascular 2^3 (B Hev 
Mseases of liver, vitamin A deficiency 

Msorders of blood 1912 (B. Rev.) 
liscenser. cover slJpf .,001 

hStion, continuous vacuum. 1~1 
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Diuresis, sucrose solutions as moans of pio- 
Oucing, intravenous aiianuistration 
of. IISO 

Diuretics, mcicuiiai, rectal administration of, 
50 

icctal ailministration of. treatment of edema 
by. 103S 

Do)?, fusion beats in. experimental study of. 
019 

normal, blood c>tology of. 353 
Dogs, carotid loops in. technique for |UO<luc- 
ing, 900 

pancreatic fistulas in. techniques for piep- 
aratlon ami caie of, 1215 
Doucil'Ciitoiofoim extract, prepaiation of, ll.5s 
Dragstedt fistula. 3215 
Drivers, drunken. 823 
Drop recorder. .■^cnbltJve. 028 
Diugs, sulfonamide, fatal reactions to admin- 
istration of, 1103 

Drunken dri\ers — blood and unne airohoi 
study, 823 

Duodenal cap and normal p\lorus. roentgen- 
ograpidc study of, .jSl 
Dysentery baclUi, agars for isolation of. si 

baciliaiy, chronic, treatment of. 70(5 
Dyspnea of silicosis, -139 (Abst.) 


E 

Eagle complement fixation test for syplulis. 
19i 

Eat that, you can't. 2Si (B. ftev.) 

Eclampsia, mcteoiotropism of, 779 
Edema, treatment of. by rectal admimstiation 
_ of diuretics. 103S 

Electrocardiograms, devclojnng tank for, iyS5 
Elcctrocaidiographlc und circulation time find- 
ings in determining cardiac status 
In infectious diseases, 24 
changes induced by cxeicisc in diognosiH <>r 
coronary Insulficlcncy. 700 
Electrode, gins'* stable capillary, for measur- 
ing pH of living tissue, 9D2 
Embedding oven, 300 (Abst ) 

Encephalography, cerebrospinal fiui.l <Iunng. 

changes m chemistry of. 225 
Endamoeba histolytica, method of destroying 
blastocysts in fecal wet j^mcai.s to 
facilitate examination for. old 
Emlocardltls, Streptococcus vlrklans. 532 
. (Abst.) 

subacute bacterial, sulfanilamide m tuat- 
ment of, 329 (Abst.) 

Endospoie stain, application of, to blood 
smears from opsooophagoc> tic tcst«, 
543 

Enteric organisms, idojitification of. CIO 
Ensymes, crystalline. 221 (B Rev.) 
of normal and pathologic ceiebiosplnal lluid. 
sources of. 405 

Eosinophiics in pneumonia. 553 (Abst ) 
Epidemic disease of respiratoJV tract, 1232 
(Abst.) 

Epilepsy, essentia!, occurrence of guamdme- 
llke substances m blood m. 10»2 
Epileptic patients, nutrition and gastrointes- 
tinal tract of, effect of sodium bro- 
mlde on, 19 

Epithelial cysts, traumatic, 570 
Eiythrocyle sedimentation. SIS (Abst ) 

rates and plasma piotems. relationship 
between, in chronic atrophic artmi- 
tls. &3."i 

test -with the HellJge-Vollmer (l^auger) 
micro&edjmeter, Go7 

Erythrocytes, oxalatcd, blood typing and cross 
^ matching with. S5 „ . 

Esterase, choline, In schlzophienia. effects ol 
„ insulin on. 1023 

Ether, ethyl. In blood, determination of, OtWi 
Ethyl alcohol, hemolytic effects of, 531, 809 
ether in blood, determination of, 9C(i 
Evaporation, reduced, on vitamin content oC 
flesh vegetables In refrigerated stor- 
„ age, effect of, S3S 

Examination, proctoscopic, 77G (XJ- Kcv.) 
Examinations, routine laboratory, for C. dlph- 
_ thenae, 71 . . 

Excitability, nervous, and luitrltlon, 1177 


Excretion of squash seed globulin and blootl 
proteins In urine after intravenous 
Injection of crystallized squash seed 
globulin, 104S 
of sulfapyndlne, 1235 

unnary prolan, during menstrual cycle, 067 

Exercise, fasting, blood sugar curve, guide 
for therapy in diabetes mellitus, 1057 
in diagnosis of coronary lusufliciency. elec- 
trocardiographic clianges Induced by. 
790 

Exogenous pernicious anemia, 219 (Abst.) 

Expt-nmental study of effects of sulfapyjldiue 
oil staphylococci and staphylococcus 
toxin. 1123 

Expel iiiicntelle und kllnische Ergebnlsse mit 
<lcr Friedmannschen Tuheikulosevac- 
clne, no (B. Rev.) 

ExtiacI adienal cortical stable. 2S1 
of anterior lobe of pituitary, cachexia re- 
‘jpondlng to. 843 

Exudate.s, cellular, of bowel discharges, stud- 
ios m. 7S3 


j Eattois, iie.jt hibile, necessaiy for growth and 
<lc%<'lopnient of cats. 23S 
I KicUng exoiclso blood sugar curve, 1057 
' F.it-cont.ilmng ditts, influence of. on reaction 
, of histamine acid phosphate In skin 

I of white rats, 933 

’ wet siueais, method of destroying blas- 

tocysts (Elastocystis homlnis) In, 540 

Feeding, appeaiance of allantoln In urme on, 
1200 

F<-nn< m.itlou, difCerential, of glucose occur- 
ling With galactose In urine, 1103 

F'-'iiihemochromogen. nitrite, for reducing 
sugars. 7.*1 

Ftijob<i sulfate, medium triple sugar, for Iden- 
tifying entenc orgoiilsms, 049 

FtHci theiapy upon carbohydrate metabolism, 
effect of, 7 
Diagsledl. 1215 
( Iniow. 7210 

i Flstul.is, paucreatic. In dogs, techniques for 
preparation and care of, 1215 

Fixation and decalciflcation of bone, simulta- 
neous, method of, 874 

Flocculation, chemical, concentration of tu- 
bercle bacilli from splual fluid by 
means of. 8S0 

(/Calm) te-^ts, Illuminating box for, 293 
pliosphate. tubercle bacilli in uiine by, de- 
monstiatlon of. 074 

test, slide, for diagnosis of syphllla, 317 

Floia. bacterial, of ileum, compaied with that 
of throat and stomach. 3SS 

Fluids, biologic, determination of pH values 
of, 3C9. 1311 

preservation of, 330 (Abst.) 
botly. magnesium m. determination of, 411 
thoracic and abdominal, carcinoma celts in, 
442 (Abst ) 

Focal InfoctiDii and systemic disease, CG3 
(Abst.) 

Kolin-Wu method, photometric blood sugar 
determination by. SCO 

p’lec and total cholesterol In blood serum, 
determination of, 990 

Fiicxlman testa, "false." for pregnancy, study 
of. 3121 (Abst) 

Fuclisln-formaldehydc method of staining acid- 
fast tociHi. 743 

Fungicidal testing- a comparision of methods, 
53S 

Fusion beat.'i. 019 


G 

Galactose tolerance test, modificatioa of, 1193 
Gastric mucin on hemoglobin regeneration fn 
anemic dogs, effect of. 13 
Gaucher spleen, isolation of kerasln from, 
method for. 1117 

Gcnnicidal properties of oxides of nitrogen. 
257 

Gtaiit coil reaction in measles, 1234 (Abst,) 
Giardia inteslinalls in man, persistence of in- 
fection with, 2S6 
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Gland, pituitary, anterior lobe of, and vitamin 
B complex. Interrelation between. 
1188 

thyroid, structure of normal, 21S (Abst.) 
Glass electrode, capillary, stable, for measur- 
ing pH of living tissue. 902 
mouse cage, adjustable, 323 
Glassware, laboratory, power washer and 
brushes foi- cleaning, 211 
Globulin, serum, determination of, 1300 
squash seed, excretion of, in urine, IWS 
Glomus tumor of arm. 245 
Gluconate-idonate, calcium effects of large 
doses of, IMS 

Glucose, differential fermentation of, occur- 
ring with galactose in urine, 1193 
in therapeutic insulin shock. 079 
tolerance, analysis of 583 tests, 895 (Abst.) 
test, 1330 (-\bst.) 

(Exton-Rose procedure), 440 (Abst.) 
Glucosides, digitaloidj, on vasomotor center, 
action of, 1134 

Glycerinated anti.sheep hemolysin, stability of, 
370 

Glycosuria in lead poisoning, 1120 (Abst.) 
Gold sols, influence of particle size and hy- 
drogen-ion concentration of. 1 
Gonococcus isolations, horse plasma and he- 
moglobin as enrichments in, 299 
Gonorrhea, sulfanilamide in treatment of. 772 
(Abst.) 

Gonorrheal myelitis witli associated porphy- 
rinuria following sulfanilamide, 270 
Granulocytopenia, fatal, induced by sulfanil- 
amide. 1103 

induced by sulfapyridino, 1105 
in sulfapyridino therapy, .554 (Abst.) 
Granuloma, coccidioidal, arrested, 216 (Abst) 
inguinale, hyperglobulinemia in. 1070 
Growth of human tubercle bacilli on iionpro- 
tein synthetic medium. 981 
Guanidine-like substances in blood in essential 
epilepsy, occurrence of. 1072 
Guinea pigs, pathogenicity for, of tubercle 
bacilli, 002 (Abst.) , _ 

vitamin C deficient, effect of vitamin P 
(citrin) on, 084 


H 

Harvey lectures, 223 (B. Rev.) 

Heart disease, theophylline witli isopropanol- 
amine in. 1000 

human, intravenous injections of magnesium 
on, 131 

rate, effects of cigarette smoking on, 1013 
sounds, amplifier for recording, ISS 
Heat labile factors for growtli and develop- 
ment of cats, 23S 

Hellige-VoIImer (Banger) microsedimeter. 

erj'throcyte sedimentation test ivith, 
057 

Hematocrit method, capillai'y, of determining 
blood cell volume. 547 

Hematologic study of 76 pneumonia cases 
treated with sulfapyridine. 275 
Hematology, recent advances in, 224 (B. Rev.) 
Hematoporphyrin, preparation of, 747 
Hemochromatosis, clinical demonstration of 
iron in skin in, OS 

Hemoconcentration, occurrence and clinical 
significance of, 1007 (Abst.) 
Hemoglobin, as enrichment in primary gon- 
ococcus isolations. 299 

regeneration in anemic dogs, effect of gas- 
tric mucin on. 13 

Hemoglobinometer. Sahli type. 325 
Hemolysin, alpha, of serum, 470 
antisheep, glycerinated. stability of, 376 
Hemolysis produced by staphj'lococcus toxin. 

effect of sulfapyridine on, 1130 
Hemolytic effects of ethyl and caprylic alcohol. 
531, 869 

streptococci, studies on, 775 (-A.bst.) 
streptococcus infection, effect of, on alpha 
hemolysin of serum. 470 
Hemophiiia, clotting defect in, 775 (.Vbst.) 


Hemophilus pertussis, staining capsules of 
modified technique for, 435 
Hemorrhage, chronic, reaction of peripheral 
blood and bone marrow in, COo 
(Abst.) 

stimulating effect of. upon hemopoietic 
mechanism. ,337 

Heparin in blood transfusions, 555 (Abst.) 
Hepatitis, toxic, 1008 (Abst.) 

Herpes zoster, chickenpox following contact 
with. 951 

Heterophile agglutination test, centrifuge tech- 
nique in, 542 

Hippuric acid and prothrombin determinations, 
quantitative, 1139 

Histamine acid phosphate, influence of fat- 
containing diets on reaction of, in 
skin of white rats, 933 
Histidine content ("diazo value”) of blood in 
peptic ulcer, .512 

Histology of thyroid, 064 (Abst.) 

Honey as a levulose tolerance test, use of, 420 
Hormones, female, 554 (Abst.) 

sex. absence of acute effects of, 33 
Horse plasma as enrichment in primaty' gon- 
ococcus isolations, 299 

Huddleson’s opsonocytophagic reaction, mod- 
ification of. 769 

Hydrogen-ion concentration of gold sols, in- 
fluence of, upon Range test readings, 
534 

of gold sols, influence of, upon Range test 
readings on paretic spinal fluids, 1 
Hyperglobulinemia in granuloma inguinale. 
1070 

Hypertension and obesity, SOT 
Hyperthermia, therapeutic, 108 (.Ibst.) 
Hypertrophy, prostatic, benign, treatment of. 
with testosterone propionate, 3T7 
water content of myocardium in^ 899 
Hypoglycemic, insulin, reaction to shook, 169 
Hypothalamic lesions, insulin sensitivity of 
cats with. 717 

on fever Induced by intravenous injection 
of typhoid-paratyphoid vaccine, ef- 
fect of. 160 


Ide test for syphilis, SS3 
Ileum, bacterial flora of, 3SS 
Illuminating box for flocculation (Kahn) and 
sedimentation tests. 195 
Immunity to rabies, 702 

Immunization against tetanus, value of re- 
peat” injection of tetanus toxoid in, 
506 

Infection, Trichinella spiralis, in New Orleans 
area, 217 (Abst.) . 

with Giardia intcstinalis in man. persistence 

osij 

.perimental, 1119 (Abst.) 
of findings determining 

JS in, 24 

mononucleosis, 553 (Abst.) 

Injection of liquids, constant intravascular. 

apparatus for, S53 
Inlow fistula, 1210 . 

Inoculation, culture and guinea pig, diagnosis 
of tuberculosis by. SS , 

Inorganic sulfate in biological fluids, pliotel- 
ometric determination of. 6-4 

[nstrument for diffractometnc measurement of 

diameter of red blood ceils, 3JJ 
for obtaining bone marrow, 199 
insulin, crystalline, effect of on blood sugar 
of fasting rabbits, 619 
effects of. on serum lipids and choline 
terase in schizophrenia. lO-o 
s to shock, lOlf 

■ I .\i ■■ -lucose and nqnfe^ent- 

■■ - , 
Sne.^''laVge;-.in man absorption of sul- 
fanilamide in, 219 (Abst.) 
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Intubation studies of human small Intestine, 
3S8 

lodimetric determination of pyruvic acid. Im- 
proved metliod for. 520 

Iodine content of blood and cerebrospinal 
fluid, comparative, 3S3 
solutions, toxicity of. 113 

Iron assimilation, relation of dietary calcium- 
phosphorus ratio to, 4(54 
in skin of hemochromatosis, 93 
manganese-free, rapid means of obtaining, 
743 

Irradiation, ultraviolet, and vitamin C metab- 
olism. 203 

Irritation, chemical, quantitative estimation 
of, method for, 1190 

Isolation of kerasln from Gaucher spleen, 
method for, 1117 

Isopropanolamine in heart disease, theophyl- 
line with, lOGG 

J 

Jars, museum, sealing of, 197 

Jaundice, obstructive, renal lesion In, 1231 
(Abst.) 


K 

Kahn test, comparative study of blood and 
spinal fluid by, 042 

Kcrasin, isolation of, from Gaucher spleen, 
method for, 1117 

Ketosis, estimation of, (503 

Kidney, test of glomerular function with 
sodium ferrocyanldc, G02 (Abst.) 

Kline test, comparative study of blood and 
spinal fluid by. 042 
zone icactions in, 104 


Laboratory diagnosis, 777 (B. Rev.) 

Lange test, 1, 334 

use of photelometer In, 045 

Laughlen test, compatativo studv of blood and 
spinal fluid by, 043 

Lead in human tissues. lOS (Abst.) 
poisoning, glycosuria In, 1120 (Abst.) 

Lectures, Harvey, 223 (B. Rev ) 

Lee on the levee, 1010 (B. Rev.) 

Leptospirosis, canine, in the United States, 
773 (Abst.) 

Lesion, cheilosis, in angle of mouth (color 
plate), 1100 

Leuccmla, spIenomyeIogcnou.s. clironlc, effect 
of alkalosis on blood picture in. 345 

Lsucocidal toxin extracted fioni typhoid ba- 
cilli. 774 (Abst.) 

Leucocyte counts, total differential and ab- 
solute, determined for persons 19 
years and over, 210 (Abst.) 

Leucocytes, chemotropism of human eosino- 
philic polymorphonuclear. 442 (Abst.) 
differential enumeration of. uniformity in. 
424 

in children 4-7 years of age, 553 (Abst.) 

Leucocytosis, neutrophilic, 107 (Abst.) 

Levee, Lee on the, 1010 (B. Rev.) 

Levulose tolerance test, use of honey as. 420 

Lipid content of liver in diabetes mellitus. 920 

Lipids, scrum, in schizophrenia, effects of In- 
sulin on, 1023 

tissue, micromethod for determination of. 
1157 

Lipoid solvents, concentration of tubercle ba- 
cilli from spinal fluid by means of. 

880 

Liquids, constant intravascular injection of, 
apparatus for. 833 

Liver, colloidal gold reaction of blood scrum 
in diseases of, 1009 (Abst.) 
damage In human subjects, quantitative 
prothrombin and hippuric .acid deter- 
minations as sensitive reflectors in. 
1139 

diseases of, vitamin A deficiency, 485 
function in health and disease, studies of 
739 

human, Wclch-llke bacillus In. S35 
in diabetes mellitus. lipid, carbohydrate, and 
moisture content of, 920 


Ldwenstcln and Boidet-Gengou media, cultural 
diagnosis of tuberculosis using. 870 
Lung, primary carcinoma of, 1335 (Abst.) 
Lymphocytes, relation of,' to activity of Myco- 
bacterium tuberculosis. 828 
relation of, to virulence of pneumococci 
types III and VII. 092 


MacConkey's and desoxjciiolate-citrate agars 
for isoldiioii of dysentery bacilli, 81 
ilaggots, surgical, blowfly cage for culture of, 
1099 

Magnesium In bo.lv fluids, rapid determina- 
tion of, 111 

Intravenous injections of, on human heart. 
131 

Malaria, diagnosis of. from blood smears, 1308 
sulfanilamide (piontosil) in tieatment of 
771 (Abst ) 

)llanganese-free iron, lapid means of obtain- 
ing. 745 

Mantoux intiacutaneous test, comparison of 
tubeicuUn patcli test witli, 331 
(Abst.) 

Manual of urology, 222 (B. Rev ) 

Mastic test for spinal fluid, standaidizcd. 1077 
Materia niedica. expeiimental pharmacology 
and, 1011 (B. Rev.) 

Mathews' physiological chemistry. 1124 (B. 
Rev.) 

Mazzini test, 1224 

Measlc.s. disseminated giant ceil reaction, 
possible piodionic of, 1234 (Abst.) 
Media, bactenologic, influence of temperature, 
dilution, and diluent upon pH values 
of. 1311 

Boidet-Gengou and Ldwensteln, cultural 
diagnosis of tubeiculosis using, STG 
Medical forms. 5implif>mg serial diagrams 
for. 027 

piactice. physiological basis of, 1010 (B. 
Rev ) 

Medicine, clinical, symptoms and signs In, 
III (B Rev.) 

lecent advances in. 111 (B. Rev.) 
ruial. 221 (B. Rev ) 
textbook of. 222 (B Rev.) 

Medicolegal and industiial toxicology. 777 (B. 
Rev.) 

Medium, nonprotefn synthetic, growth of 
human tubercle bacilli on. 081 
sugar-ferrous sulfate, triple, for identifying 
enteric organisms. 040 

Meningitis, enzymes of cerebrospinal fluid in. 
490 

spinal fluid chloiidcs in, COG (Abst.) 
^Icnstrual cjcle, uiinai-j' piolan excretion dur- 
ing. 087 

Mental disorders, cholesterolysis in blood 
plasma of individuals with, 142 
Mcicurial diuretics, lectal administration of, 
5(5 

Metabolic rate, effects of cigaiettc smoking on, 
1013 

Metabolism, carbohydrate, effect of fever 
therapy upon, 7 
of allantoiu. 1200 

vitamin C, and ultraviolet irradiation, 203 
Mctcorotiopism of eclampsia, 779 
Mcthcmoglobin, determination of. in oxyhemo- 
globin, 450 

Method for determining bacterial reduction of 
nitrates. 313 

staining, for opsonocytopiiagocytlc indices, 
310 

Methods in detection of sickle-cell trait, com- 
parison of, 1100 
standard, 1011 (B. Rev ) 

Mlcrodetermlnatjon, photoelectric, of nltioge- 
iious constituents of blood and urine 
by direct nesslerizatlon. 830 
MicrodlfCusion method for estimation of ace- 
tone, 414 

MIcromethod for determination of tissue 
lipids, 1157 

oxidative, multiple estimations of cholesterol 
in, apparatus for. 1074 
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Microphotoelectric method for urea determina- 
tion in blood and urine by direct 
nesslerization, 802 

Microsedimeter, Hellige-Vollmer (Danger), 
erythrocyte sedimentation test with, 
(557 

Microtome blade, adaptation of Rolls razor to 
new type of, 202 
Moist stasis method, 1100 

Moisture content of liver in diabetes mellitus, 
926 

Mononucleosis, infectious, 553 (Abst.) 
Mounting of paraffin sections, 1335 (Abst.) 
Mouse cage, all-glass adjustable, 323 
Mucin, gastric, on hemogiobin regeneration in 
anemic dogs, effect of, 13 
Muscular contractions, variation of blood pres- 
sure with brief voluntary, 1029 
Museum jars, sealing of, 197 
Mycobacterium tuberculosis, activity of, rela- 
tion of lymphocytes to, 828 
Myelitis, gonorrheal, with associated por- 
phyrinuria following suifanilamide, 
270 

Myelomatosis, diagnosing, by complement fixa- 
tion, 442 (Abst.) 

Myocardium, water content of, in hypertrophy 
and chronic congestive failure, 899 

N 

Nephrosis, human blood serum as diuretic in. 
1122 (Abst.) 

Nervous excitability and nutrition. 1177 
Nesslerization, direct, photoelectric microdeter- 
mination of nitrogenous constituents 
of blood and urine by, 856 
urea determination in blood and urine by, 
microphotoelectric method for, 862 
Neurogenic bladder. 777 (B. Rev.) 

Neutrophilic leucocytosis, 107 (Abst.) 

Nicotine and cigarette smoke, effects of, on 
pregnant female albino rats, 708 
content, physiologic activity of cigarette 
smoke solutions as related to their, 
610 

Nicotinic acid in urine, determination of, 515 
Nigrosine stain and dark-field examination, 
comparison of, in demonstrating Trep- 
onema pallidum. 660 

Nitrates, bacterial reduction of, method for 
determining, 315 

Nitrite ferrihemochromogen for reducing 
sugars, 751 

Nitrogen, oxides of, germicidal properties of, 
257 

Nitrogenous constituents of blood and urine, 
photoelectric microdetermination of, 
by direct nesslerization, 856 
Nomogram for determining statistical signifi- 
cance and probable error of differ- 
ences of percentages, 180 
Nonprotein synthetic medium, growtii of hu- 
man tubercle bacilli on, 981 
Numerical system using colors for marking 
albino rats and mice, 872 
Nutrition and gastrointestinal tract of epileptic 
patients, effect of sodium bromide on, 
19 

nervous excitability, 1177 
O 

Obesity, hypertension and, 807 
Opacity cell, method. 1325 

Ophthalmia neonatorum, silver nitrate solu- 
tion in prevention of, apparatus for 
manufacture of wax paraffin am- 
poules for. 1096 

Opsonocytophagic reaction, Huddleson’s modi- 
fication of, 769 

Opsonocytophagocytic indices, staining method 
for, 316 

Opsonophagocytic tests, blood smears from. 

application of endospore stain to, 543 
Oral pollen therapy. 566 

Oscillato-capacigraph, recordings obtained 
with, 175 . 

Ouabain, action of, on splanchnic circulation in 
dog, 557 

Ovary, theca cell tumors of, 668 (Abst.) 

Oven, embedding, 106 (Abst.) 


Oxalate solutions for determination of packed 
cell volume in human blood, evalua- 
- , . tion of, 35 

Oxldation^^of^ sffifanilamide during therapy. 

Oxidative micromethod, multiple estimations 
-j. cholesterol in, apparatus for, 1074 

Oxides of nitrogen, germicidal properties of. 
257 

Oxygen pulse, effects of cigarette smoking on 
1013 

P 

Pancreas, islet cell tumors of, 893 (Abst.) 
Pancreatic fistulas in dogs, techniques for 
preparation and care of. 1215 
Paraffin sections, method of staining spiro- 
chetes in, 204 

routine mounting of, 1335 (.Ibst.) 
staining acid-fast bacilli in, 713 
Parenteral administration of sulfapyridine, 
1233 (Abst.) 

Patch test. 1335 (Abst.) 

Pathologic and normal cerebrospinal fluid, 
enzymes of, 495 
Pathology, 776 (B. Rev.) 

for nurses, textbook of, 776 (B. Rev.) 
Patterson test for pregnancy, 328 (,4bst) 
Peptic ulcer, histidine content ("diazo value") 
of blood in, 512 
Perfusion pump. 1332 
Peripheral vascular disease, 222 (B. Rev.) 
Peritonitis, primary, 668 (Abst) 

Petroff, tubercle bacillus concentration methods 
of. 67 

pH values of bacteriologic media, influence of 
factors upon, 1311 

of biologic fluids, determination of, 369, 
1311 

of living tissue, stable capillary glass elec- 
trode for measuring, 992 
Pharmacology, experimental, and materia 
medica, 101 ■ 'r ' 

Phenyl phosphate, of 

serum phosp.ia.vcij.- - , 634 

Phosphatase in chronic arthritis, 552 (Abst) 
serum, 108 (Abst) 

activity, with disodium phenyl phosphate, 
estimation of, 634 

Phosphate flocculation, tubercle bacilli in urine 
by, demonstration of, 974 
histamine acid, in skin of white rats, in- 
fluence of fat-containing diets on re- 
action of, 933 . 

Phosphorus-calcium ratio, dietary, relation of, 
to iron assimilation. 464 _ 

Photelometer, use of, in Lange test readings, 

Photelometric determination of inorganic sul- 
fate in biological fluids, 624 
Photoelectric microdetermination of mtroge 
nous constituents of blood and urine 
by direct nesslerization, 856 
Dlethvsmocraphy of animal tissues, -95 
s^tandardization of potassium permanganate 
solutions, 970 , . 

Photometric biood sugar determination bj 
Polin-Wu method, 866 

Physical signs in clinical surgery, demonstra 
tion of, 1011 (B. Rev.) eolu- 

PhysiologiCoactivity^of^4.arette_^smokCcSoffi 

Physiologic°aftesis“of medical practice. 1010 
/TD T?ev. ) 

chemistry, 'Mathews’, 1124 (B.^Rev.) ^ 

Physiology, recent advances in, --•* ("• 
Pigments, blood, jl45 

Pitu?ta?y,*^ anterior respond 

.land, a»o;?»^ 

® ’ vitamin B complex and. 1188 

°Iasma, blood, in rheumatisants, reducing 
stances in, 348 . 

horse, a^‘"e^nrffi; in Viniao- gonococcus 
atrophic arthritis, 935 
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Platelet-reducing substance in spleen of throm- 
bocytopenic purpura, 10 
Platelets in blood from umbilical cord, G66 
(Abst.) 

Plating, surface-stroke. Isolation of bacteria 
by, 303 

Plethysmography, photoelectric, of animal tis- 
sues, 295 

Pneumococcal pneumonia, role of coenzymes I 
and II in blood of persons with, 897 
Pneumococci, carbon dioxide for isolation of, 
culturing sputum on solid media us- 
ing. 894 (Abst) 

types III and VII, virulence of. relation of 
lymphocytes to, 692 

Pncumococcic infections, treatment of, with 
sulfapyndinc, 1121 (Abst.) 
pneumonia, treatment of, 331 (Abst) 
Pneumonia cases, hematologic study of, treated 
with sulfapyrldine, 275 
eosmophiles in, 553 (Abst.) 
pneumococcal, role of coenzymes I and II In 
blood of persons with. 897 
pncumococcic, treatment of, 331 (Abst.) 
polysaccharide skin test in seioim therapy of, 
667 (Abst.) 

sputum studies in, effect of sulfanilamide, 
361 

sulfaoyridine in treatment of, 668 (Abst) 
treatment of, 553 (Abst ). 665 (Abst.) 
urinary chlorides m, significance of, treated 
with sulfapyrldine, 916 
virus of infants, 220 (Abst) 

Poliomyelitis, heterologous antibodies In, 443 
(Abst) 

Pollen, atmospheric, cedar oil In making slides 
of. 1086 

oral, therapy, 566 

Polyansyn, use of, m pituitary cachexia. 1188 
Polycythemia m normal and tumor-bearing 
rats, 471 

Polysaccharide skin test In pneumonia. 667 
(Abst) 

PorphiTlnuria following sulfanilamide, gonor- 
rheal myelitis with. 270 
Potassium diffusion, fate of cellular elements 
in relation to, 240 

permanganate solutions, photoelectric stand- 
ardization of, 970 

tellurite in diagnosis of diphtheria, 55$ 
(Abst) 

Pottengcr, tubercle bacillus concentration 
methods of, 67 

Power washer for cleaning laboratory glass- 
ware. 211 

Pregnancy diagnosis of, Patterson test for. 
328 (Abst) 

"false" Friedman tests for, 1121 (Abst.) 
vitamin C in blood during and after. 120 
Pregnant female albino rats, effects of nicotine 
and cigarette smoke on. 708 
Preparations from spinal cord In laboratory 
diagnosis of rabies, 102 

Preserved blood, studies on 1337, 1338 (Abst ) 
Primarv peritonitis, 668 (Abst ) 

Probable error of differences of percentages. 

nomogram for determining, 180 
Proctoscopic examination, 776 (B. Rev.) 
Prolan excretion, urinary', during a menstrual 
cycle. 687 

Prostatic hvnertroDhv. benign, treatment of, 
with testosterone nroplonatc, 377 
Protection against rabie.s, 702 
Proteins, blood, excretion of, in urine, 1048 
plasma, and erythrocyte sedimentation rates, 
in chronic atrophic arthritis, rela- 
tionshlu between. 935 
serum, total, determination of, 1300 
Prothromi ms, 


in blood 

plasma, t.) 

Quick I na- 

tion, 441 (Abst.) 
time determination, 527 
Pump, perfusion. 1332 
Pye’s surgical handicraft, 222 (B Rev.) 
Pylorus, normal, and duodenal cap, roentgeno- 
graphic study of, 581 

Pyruvic acid, iodlmetnc determination of, 520 


Q 

Quantitative estimation of chemical irritation, 
method for, 1199 

prothrombin and hippuric acid determina- 
tions, 1139 

study of syphilitic serum, 972 
Quick method for quantitative determination of 
prothrombin, 441 (Abst.) 

R 

Rabbit blood, free and conjugated sulfanil- 
amide and sulfapyrldine in, 669 

Rabbits, 

infected 

1246 

Rabies, diagnosis of. 102 
in Birmingham, Alabama, 331 (Abst) 
laboratory diagnosis of. preparations from 
spinal cord in, 102 

methods in diagnosis of, 773 (Abst) 
protection against. 702 

virus in grossly decomposed animal brains, 
demonstration of, 94 
Rack, test tube, improved, 320 
Rat. Induced reticulocytosis in, 333 
Rats, albino, pregnant female, effects of nico- 
tine and cigarette smoke on, 708 
and mice, numerical system using colors 
for marking, 872 

tissues of. toxic effects of sulfanilamide upon, 
1263 

transfusions and polycythemia In, 471 
white, skin of. influence of fat-containing 
diets on reaction of histamine acid 
phosphate In, 933 

Razor, Rolls, adaptation of, to new type of 
microtome blade, 202 

Reaction, animal tissue, to particulate copper 
stearate, 726 

opsonocytophagic, Huddleson’s modification 
of, 769 

Reactions, fatal, to administration of sulfon- 
amide drugs, 1163 
Reagent for reducln? sugars, 751 
Recent advances in hematology*, 224 (B. Rev.) 
In medicine, ill (B. Rev.) 
in physiology, 224 (B. Rev.) 

Recorder, drop, sensitive, 628 
Rectal administration of diuretics, treatment 
of edema by, 1038 

of mercurial diuretics, experimental study 
of. 56 

Reducing substances in blood plasma of rheu- 
matisants, 348 

nonfermentable, m therapeutic insulin 
shock, 679 

sugars, reagent for, 751 
Refrigerated storage, reduced evaporation on 
vitamin content of fresh vegetables 
In, 838 

Renal calculi, after sulfapyridlne treatment, 
1123 (AbsL) 

complications in sulfapyridine therapy, 667 


administration 


e. 1231 (AbsL) 
retention of vitamin C. effect of, 1231 (AbsL) 


Respiratory tracL epidemic disease of, 1231 
(AbsL) 


Reticulocytosis, induced. In rat and its rela- 
tion to life duration of red blood 
cell, 333 

Rheumatic fever, Weltmann reaction and 
sedimentation time during. 1119, 
(AbsL) 

Rlieuniatisants, blood plasma of, reducing sub- 
stances In. 348 

Ring test for urine bromides, 99 

Roentgenographlc study of normal pylorus 
and duodenal cap. 581 

Rolls razor, adaptation of. to new type of mi- 
crotome blade, 202 

Rural medicine, 221 (B. Rev.) 
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S 

Sahli type, hemoglobinometer, 325 
S^ts, ammonium, calorigenic action of, 1259 
bile, in urine, quantitative determination of, 
739 

Scarlet fever, standardization of toxin used 
against, 762 

Schizophrenia, serum lipids and choline es- 
terase in, effects of insulin on, 1025 
Sclerosing therapy, 223 (B. Rev.) 
Sedimentation, erythrocyte, 328 (Abst.) 
rates, determined for persons, 19 years and 
over, 216 (Abst.) 

in children 1-7 years of age, 555 (Abst.) 
in sickle-cell anemia, 330 (Abst.) 
test, choice of technique for. 332 (Abst.) 
tests, illuminating box for, 195 
Sensitive drop recorder, 628 
Sensitivity, insulin, of cats, 717 
Sera of typhoid patients and carriers, Vi anti- 
body content of, 844 

Serial diagrams for medical forms, simplify- 
ing, 627 

Serodiagnosis of syphilis, greater aid in, 1224 
Serologic discrepancies in syphilis, 771 (Abst.) 
Serological identification of Cl. tetani. 774 
(Abst.) 

Serum albumin, determination of, 1300 
alpha hemolysin of, 476 
blood, cholesterol in. determination of. 996 
calcium, in newborn, 109 (Abst.) 
globulin, determination of, 1300 
human, as substitute for blood, in hemor- 
rhage and shock. 1122 (Abst.) 
lipids in schizophrenia, effects of insulin on, 
1025 

phosphatase, 108 (Abst.) 
activity, estimation of, with disodium 
phenyl pliospitate, 634 
proteins, total, determination of, 1300 
rabbit, in treatment of pneumonia. 553 
(AbsL) 

syphilitic, quantitative study of, 972 
Sex and internal secretions, 112 (B. Rev.) 

hormones, absence of acute effects of, 33 
Shock, burn, 1006 (Abst) 
insulin hypoglycemic reaction to, 169 
Sickle-cell anemia, sedimentation rates in, 330 
(Abst.) 

trait, detection of, comparison of methods 
used in, 1106 

Silicosis, dyspnea of, 439 (Abst) 

Silver nitrate solution, wa.x paraffin ampoules. 

apparatus for manufacture of, 1096 
Skin, diseases of, 1124 (B. Rev.) 

in hemochromatosis, clinical demonstration 
of iron in, 98 

of white rats, influence of fat-containing 
diets on i-eaction of Instamine acid 
phosphate in, 933 

surface temperatures, thermoelectric tlier- 
mometer for measurement of. 291 
Slide flocculation test for diagnosis of syphilis, 
317 

Slides of atmospheric pollen, cedar oil, in mak- 

Small intestine, human, intubation studies of, 
388 

Smear, blood, simple aid in making, 1302 
Smears, blood, diagnosis of malaria from, 
1308 

Smoking, cigarette, effects of, on metabolic 
rate, heart rate, oxygen pulse, and 
breathing rate, 1013 

Sodium bromide, effect of, on nutrition and 
gastrointestinal tract of epileptic 
patients, 19 

ferrocyanide, test of glomerular function 
_ with, 662 (Abst.) 

Solution, sulfanilamide, observations on, 1062 
Solutions, cigarette smoke, physiologic activity 
of, as related to their nicotine con- 
tent, 610 

iodine, toxicity of, 113 

potassium permanganate, photoelectric stand- 
ardization of, 970 

sucrose, as means of producing intense 
diuresis, 1180 

Specimens, gross pathologic, solid carbon 
dioxide in preparation of, 443 (Abst.) 
Spectra, absorption, adaptation of a colorimeter 
for evaluating, 629 


Spectrocolorinieter, uses for, 631 
Spectrocolorimetry, 629 
Spectrophotonietric methods, determination of 
“l°°“^P>sments with special reference 

Spermatogenesis in man, effect of sulfanilamide 
on, 443 (Abst) 

fapinal fluid comparative study of, by Kahn, 
Kline, and Laughlen tests, 642 
concentration of tubercle bacilli from 886 
standardized mastic test for, 1077 
fluids, paretic, influence of particle size and 
hydrogen-ion concentration of gold 
sols upon Lange test readings on, 1 
syphilitic and tabetic, influence of hydro- 
gen-ion concentration of gold sols 
, upon Lange test readings on, 534 

Spirochetes in routine paraffin sections, method 
of staining, 204 

Splanchnic circulation in dog, action of ouabain 
on, 557 

Spleen, Gaucher, isolation of kerasin from, 
method for, 1117 

of thrombocytopenic purpura, platelet-re- 
ducing substance in, 10 

Splenomyelogenous leucemia, chronic, effect of 
alkalosis on blood picture in, 345 
Sputum examination, culture method in, 331 
(Abst.) 

technique of, 441 (Abst.) 
studies in pneumonia, effect of sulfanilamide, 
361 

Squash seed globulin, e.xcretion of, in urine, 
1048 

Stability of ascorbic acid in blood, 1288 
Stain, differential, for cell types in pancreatic 
islets, 217 (Abst.) 

endospore, application of, to blood smears, 
543 

nigrosine, in demonstrating Treponema pal- 
lidum, 660 

Staining acid-fast bacilli in paraffin sections, 
fuchsin-formaldehyde method, 743 
and fixing methods for lead and copper in 
tissues, 440 (Abst.) 

capsules of Hemophilus pertussis, modified 
tecli--' — ^ 

method for ' indices, 316 

spirochetes itions, 204 

Standard methods. 1011 (B. Rev.) 
Standardization of toxin used against scarlet 
fever, 762 

photoelectric, of potassium permanganate 
solutions, 970 . 

Standardized mastic test for spinal fluid, 10 1 7 
Standards, permanent, estimation of thiocj'a- 
nates in blood with use 1204 
Staphylococci, sulfapyridine on, effects of, 11-j 
Staphylococcic infection in mice, injections or 
staphylococcus antitoxin on, -al 
Staphylococcus antitoxin, 

jections of, on subcutaneous_ staphy 
lococcic infection in mice, 251 
toxin sulfapyridine on, effects of, 11-5 
Statistical significance of 

centages, nomogram for detei mining, 

180 '""o 

Sternal marrow, limitations of biopsy of. 772 
(Abst.) ^ 

Story of surgerj% 444 (B. . h;.- mfected 

Streptococci, beta hemolytic, rabbits intecu-o 

hemolytffi!*’’action of sulfanilamide, 107 
(Abst) 

studies on, 775 (Abst.) foUmvfnc 

Streptococcus viridans, hst ) 

extraction of teeth, 7/1 (Adsu; 
endocarditis, 552 (Abst) 

Studies in alimentaiy canal of man, o81 

in blood 5’®, .tiscliarges, 788 

in cellular exudates of boa el disciiar= 

a “'■^'’snmHons" ffitravenous administration 

Sucrose of producing intense 

diuresis, 1180 . 

«?uction apparatus, improved, ol7 

Sugar-ferrous “suifate^raedium. triple, for idcn- 

Sugar e„teric organisms, 619 

Sugars, reagent for reducing, lol 
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Sulfanilamide, absorption of, 219 (Abst.) 
action on hemolytic streptococci, 107 (Abst.) 
anemia Induced in rats by, 1055 (Abst.) 
cyanosis from use of, 218 (Abst.) 
effect of, on alpha hemolysin of serum, 476 
on cross matching of blood, 690 
on sputum studies m pneumonia, 361 
free and conjugated, in human and rabbit 
blood, 669 

gonorrheal myelitis with associated porphy- 
rinuria following, 270 
granulocytopenia, fatal, induced by. 1163 
group, drugs of, 330 (Abst) 
hemolytic anemia, fatal, induced by, 1168 
in blood and urine of rabbits infected with 
beta hemolytic streptococci. 1246 
in clinical tuberculosis, 775 (Abst) 
in treatment of gonorrhea, 772 (Abst) 

of subacute bacterial endocarditis, 329 
(Abst) 

in tuberculosis, 1006 (Abst.) 
livei and kidney damage, fatal, induced by, 
1171 

mechanism of action of. 1231 (Abst) 
mode of action of, 1122 (Abst) 
on spermatogenesis In man, effect of, 443 
(Abst) 

oxidation of, durlnr therapy, 1337 (Abst) 
preservation of stored blood with, 1007 
(Abst) 

(prontosil) in treatment of malaria, 771 
(Abst) 

solution, observations on, 1062 
toxic effects of, upon tissues of rats. 1263 
Sulfamlyl«2'aminopyrldine in body, distribution 
of, 735 

Sulfapyndine, absorption and excretion, studies 
on, 1235 

bedside test for, 654 

calculi, production of. In man. 1123 (Abst ) 
changes following oral administration of, 

1120 (Abst) 
elimination of. 1241 

fiec and conjugated, m human and rabbit 
blood. 669 

granulocytopenia, fatal, induced bv. 1165 
in treatment of pneumonia, 668 (Abst) 
on staph>lococci and staphylococcus toxin, 
effects of, 1125 

parenteral administration of, 1233 (Abst) 
pneumonia cases treated with, hematologic 
study of, 275 

treated with, significance of urinary chlo- 
rides in, 946 

renal insufficiency, fatal, following adminis- 
tration of, 1021 

theiapy, granulocytopenia In. 554 (Abst) 
renal complications In, 667 (Abst) 
treatment of pneumococcic infections witli, 

1121 (Abst) 

of pneumonia with, 665 (Abst.) 

Sulfate, inorganic, in biological fluids, pho- 
tclometric determination of. 624 
Sulfhemoglobin, determination of. 458 
Sulfonamide drugs, fatal reactions to adminis- 
tration of, 1163 

Surface-stroke plating, isolation of bacteria by. 
303 

Surgery, clinical, demonstration of physical 
signs in. 1011 (B. Rev.) 
story of, 444 (B. Rev.) 

Surgical handicraft, Pye’s, 222 (B. Rev) 
Symptoms and signs in clinical medicine. 111 
(B. Rev.) 

Synthetic medium, nonprolein, growth of hu- 
man tubercle bacilli on, 981 
Syphilis, diagnosis of. slide flocculation test 
for, 317 

Eagle complement fixation test for, 194 
5 

1224 

(Abst.) 

• reaction vs. 

Wassermann 
procedures, 1337 (Abst.) 
testing with finger blood, technique for. 86 
Syphilitic reagin in blood and spinal fluid. 319 
(Abst) 

scrum, quantitative study of, 972 
spinal fluid, Lange test on. 534 
Systemic disease, focal infection and, 663 
(Abst) 


T 

Tank, developing, for electrocardiograms, 1085 
Technique for producing carotid loops in dogs, 
990 

for staining capsules of Hemophilus pertus- 
sis, modified, 433 

for syphilis testing with finger blood, 86 
of examination of sputum, 441 (Abst.) 
Techniques for preparation and care of pan- 
creatic fistulas in dogs. 1215 
Temperature factors m cancer, 553 (Abst.) 
rise in pneumonia treated with sulfepyrldine, 

9^6 ... 

Temperatures, skin surface, thermoelectric 
thermometer for measurement of, 291 
Test, dextrose tolerance. 440 (Abst.) 

Eagle complement fixation, for syphilis, 194 
erythrocyte sedimentation, with Hellige-Voll- 
mer (Langer) microsedimeter, 657 
flocculation, slide, for diagnosis of syphilis, 
317 

for standardization of toxin used against 


gala of, 1193 

glue 

hete -ifuge tech- 

nique in, 542 
Ide, for syphilis, 883 
Kline, zone reactions in, 104 
Lange, 1, 534, 643 

le\ulose tolerance, use of honey as, 420 
mastic, for spinal fluid, 1077 
Mazzini, 1224 
patch, 1335 (Abst.) 

Patterson, for pregnancy, 328 (Abst.) 
ring, for urine bromides, 99 
sedimentation, choice of technique for. 332 
(Abst.) 

serological, for ‘Weirs disease, 663 (Abst.) 
tube rack, improved. 320 
tuberculin, 1120 (Abst.) 
m control of tuberculosis, 895 (Abst.) 

. ist.) 


of benign 
•h. 377 

. imentation, 

of acetone m expired air,’ management of 
diabetes as controlled by, 603 
opsonophagocytic, blood smears from, appli- 
cation of endosporc stain to, 543 
Tetanus toxoid in active immunization against 
tetanus, value of ‘'repeat" injection 
of. 506 

Textbook of medicine, 222 (B. Rev.) 

of pathology for nurses, 776 (B. Rev ) 

Theca cell tumors of ovary, 668 (Abst.) 
Theophylline with isopropanolaminc in heart 
disease, 1066 

Therapeutic hyperthermia, 108 (Abst.) 
insulin sliock, glucose and nonfcrmentable 
reducing substances in, 679 
Therapeutics of antimony, advances in, 221 
(B. Rev.) 

Therapy, female liormoncs, scope of, in, 554 
(Abst.) 

fever, effect of, upon carbohydiate niet.ibo- 
lisni. 7 

m diabetes mellitus, guide for, 1057 
oral pollen, 566 
sclerosing. 223 (B. Rev.) 

Thermometer, thermoelectric, for clinical meas- 
urement of skin surface tempera- 
tures, 291 

Thiocyanates In blood, estimation of. witli use 
of permanent standards, 1204 
Thrombocytopenic purpura, platelet-reducing 
substance in spleen of, 10 
Thrombopcnic purpura, essential, reaction of 
peripheral blood and bone marrow in, 
665 (Abst.) 

Thromboplastin, preparation of, 527 
Thyroid gland, histologic and histocheinleal 
structure of normal, 218 (Abst) 
histology of. in exophthalmic goiter and hy- 
perthyroidism, 664 (Abst) 
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Tissue lipids, niicromethod for determination 
of, 1157 

living, stable capillary glass electrode for 
measuring pH of, 992 

reaction, animal, to particulate copper stea- 
rate, 726 

Tissues, animal, photoelectric plethysmography 
of, 295 

human, lead in, 108 (Abst.) 

lead and copper in, fixing and staining meth- 
ods for, 440 (Abst.) 

of rats, toxic effects of sulfanilamide upon, 
1263 

spirochetes in, distribution of, 204 

Titration, amboceptor, 194 

Tolerance, galactose, test, modification of. 
1193 

glucose, analysis of 583 tests. 895 (Abst.) 

of diabetic persons for dextrose, 754 

Total and free cholesterol in blood serum, 
determination of, 996 

Toxic effects of sulfanilamide upon tissues of 
rats, 1263 

hepatitis, 1008 (Abst.) 

Toxicity of various iodine solutions, 113 

Toxicology, medicolegal and industrial, 777 (B. 
Rev. ) 

Toxin in blood and tissues. 1008 (Abst.) 

lethal, of Cl. rvelchii and iiuman serum, re- 
action of. 893 (Abst) 

staphylococcus, sulfapyridine on, effects of. 


used against scarlet fever, standardization 
of, 762 

Toxoid, tetanus, in active immunization 
against tetanus, value of "repeat” 
injection, 506 

Transfusion of blood from artificially im- 
munized donor in treatment of 
chronic baciilary dysentery, 706 

Transfusions and polycythemia in normal and 
tumor-bearing rats, 471 
blood, and blood groups, 777 (B. Rev.) 

Traumatic epithelial cysts, 576 

Treponema pallidum, dark-field examination 
and nigrosine stain in, comparison 
of, 660 

Trichinella spiralis, incidence of infection. 217 
(Abst) 

Trichinosis, 1233 (Abst) 
in central nervous system, 108 (Abst.) 

Tube clamp, new, 544 
culture, for more rapid diagnosis. 79 

Tubercie baciili, concentration of, from spinal 
fluid, 886 

growth of, on nonprotein synthetic medium. 
981 


in urine, 441 (Abst.) 

demonstration of, by phosphate floccu- 
lation, 974 

pathogenicity for guinea pigs of. 662 
(Abst.) 

preservation of, 556 (Abst.) 
bacillus concentration methods of Petroff. 

Pottenger, and chemical flocculation. 


67 

Tuberculin patch test with JIantoux intra- 
cutaneous test, comparison of. 331 
(Abst.) 

reactors and non-reactors, x-ray findings in, 
896 (Abst.) 

test in control of tuberculosis, 895 (Abst.) 
patch. 218 (Abst.) 

and JIantoux, 1120 (Abst.) 
value and limitations, 1005 (Abst.) 

Tuberculoprotein, formation of, 985 

Tuberculosis, clinical, sulfanilamide in, 77» 
(Abst.) 

cultural diagnosis of. using Bordet-Gengou 
and Lowenstein media, 876 . 

culture method in sputum examination or. 


331 (Abst.) . . 

diagnosis of, by culture and guinea pig in- 
oculation, 88 

Mycobacterium, relation of lymphocytes to 
activity of, 828 

sulfanilamide in, 1006 (Abst) 
Tuberkulosevaccine, experimentalle und khn- 
ische Ergebnisse mit der Friedmann- 
schen, 110 (B. Rev.) 

Tumor, glomus, of arm, 245 , 

Tumor-bearing rats, transfusions and poly- 
cythemia in, 471 


Tumors, islet cell, of pancreas, 893 (Abst) 
Typhoid bacilli, leucocidal toxin extracted 
from, 774 (Abst) 

carriers, Vi agglutination in, 666 (Abst) 
fever, intracellular bacilli in intestinai and 
mesenteric iesions of, 893 (Abst) 
patients and carriers, sera of, Vi antibody 
content of, 844 
vaccination, 665 (Abst) 
Typhoid-paratyphoid vaccine, intravenous in- 
jection of, hypothalamic lesions in- 
duced by, 160 


U 

Ultraviolet irradiation and vitamin C metabo- 
lism, 263 

Urea, blood, 1008 (Abst) 
determination in blood and urine by di- 
rect nesslerization, microphotoelectric 
method for, 862 

in blood and urine by Conway units, determi- 
nation of, 288 

reabsorption in renai disease, 1119 (Abst) 

Urinary amylase, evaluation of method's for 
determining, 1303 

chlorides, significance of, in pneumonia 
treated with sulfapyridine, 946 
prolan excretion during a menstrual cycle, 
687 


Urine, alcohol in, 823 

allantoin in, on feeding and related experi- 
ments, 1206 ^ , 

bile salts in, quantitative determination of, 
739 

bromides, 1002 

ring test for, 00 . , 

galactose in, differential fermentation of glu- 
cose occurring with, 1193 
nicotinic acid in, determination of. 515 
nitrogenous constituents of, photoelectric 
microdetermination of, 856 
of rabbits, sulfanilamide in, 1246 
tubercle bacilli in, ‘i‘41 (Abst.) 

demonstration of, by phosphate floccu- 

urea determination in, by direct 

tion, microphotoeieciric method lov, 
862 

by Conway units,. 288 
vitamin Bj in, determination of. 1320 
Urolithiasis, following oral administration of 
sulfapyridine, 1120 (Abst.) 
rTrnloerv. manual of, 222 (B. Bcv.) 


i^accination, typhoid. 665 (Abst.)^ 

'Iffid^arS^Xoi^, hypotlmhimic lesions on 
fever induced by. 160 
iTacuum distillation, continuous. 1--1 , 

variation of b^od^P^ssure^with^ 

/asoinotor center, digitaloid glucos.des on, 

min content of, 838 

recordins", and its ap 
/i agglutination in chronic typhoid earner, 

antibody® conVenTof sera of typ.ioid patients 

/ibrio choIemA isolation of. 109 

nrulence ofa'diphthenae use of single ani- 
mal for VII, relation 

of pneumococci types III an 

of lymphocJ tes to, 69^^ (^bst.) , 

'‘;a"b%rfn"gro"sVdec" nipoied animal brains. 

/iscosity.^blood. 896 es of liver, 485 

‘^“"'"^?e4lenceTn‘;r toPortance 1 19^^^^, 

id Wood of normal adults,^b 

B noniPW^„ “fnterrelation between. 1188 
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Bj in urine, determination of, 1320 

C effect of renal retention of, on saturation 
tests, 1231 (Abst.) 

m blood during and after pregnancy. 120 
metabolism and ultiaviolet irradiation, 263 
studies, 684 

content of fresh vegetables in refrigerated 
storage, effect of reduced evapora- 
tion on, 838 

P (citnn), effect of, on vitamin C deficient 
guinea, pigs. 684 

Vitamins and vitamin deficiencies, 110 (B. 
Rev.) 


W 


Well’a disease, presumptive serolo^^^^^ 
for, 663 (Abst.) 

Welch-like bacillus in human liver, 

Weltmann reaction and sedimentat*®” t*™® 
during rheumatic fever, lll9 
Westergren method, modified, erythroC^^® sedi- 
mentation test with, 657 
What’s your allergy? 778 (B. Rev.) 

Whitla'a dictionary of treatment, l*Jl- (is. 
Rev.) 

“Window patch” test, 220 (Abst) 


X 

X-ray findings in tuberculin reactors ^nd non- 
reactors, 896 (Abst) 


Water content of myocardium in hypertrophy 
and chronic congestive failure, 899 
flea, experiments witli, 749 
Wax paraffin ampoules for silver nitrate solu- 
tion. apparatus for manufacture of. 
1096 


Y 

You can't cat that, 224 (B. Rev.) 

Z 

Zone reactions in Kline test, 104 
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